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EDITORIAL

Dear participants of the conference Project-based Education in Science Education XV.,

Our conference celebrates 15" jubilee and it is at most pleasant that the number of participants
IS again greater. In this year, the focus on natural sciences is complete. Traditional participants
representing chemistry and biology are completed with physics and geography educators. Also,
the spectrum of the paper topics is broader. The original focus on project-based education and
already established inquiry-based education is supplemented with other activating strategies of

students’ learning process guidance in both of practical and theoretical nature.

Strakonice, April 2018
Martin Rusek

(editor)
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INFORMATION, DATA AND STATISTICAL LITERACY AS
FOUNDATION STONES OF PROJECT-BASED EDUCATION

SORGO Andrej

Abstract

According to a study by the World Economic Forum, the three top in-demand skills in
the year 2020 will be Complex Problem Solving, Critical Thinking and Creativity. All three
skills can be successfully developed within carefully planned and conducted open-ended
loosely-defined project work. In such projects, the teacher’s role is coaching and mentorship,
allowing students to address a problem, define project outcomes, and in a creative and critically
open atmosphere, find methods leading to the final solution. However, development of these
skills is limited and may not even apply when projects are too well defined and the major role
of the students is to follow the teacher's guidance uncritically.

Inquiry, regarded as a process of seeking answers, should be an integral part of problem-
based education. Through scaffolded inquiry, students can develop information literacy skills
that can provide them with the ability to address a problem and to find, select and manage
sources. Typically, information-literate students should recognize the signs of flawed sources
and biased information. However, even if the best sources are collected, these are worthless if
users are unable to understand, manipulate and synthesize data, skills which can be seen as
constituting data and statistical literacy. All three literacies are interconnected and can be
regarded as transferable skills applied not only in forthcoming projects but also as a lifelong

strategy.

Key words

information literacy, data literacy, statistical literacy, project-based education

INTRODUCTION

“It is easier to move a graveyard than to change a curriculum.” (Woodrow Wilson)

Nobody can be confident of predicting the future at the global, societal or personal levels.
However, based on recent knowledge, we can be almost certain that the production of
knowledge will continue at exponential rates, generating new technologies based on

biotechnology, information and communication technology (ICT), artificial intelligence and
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robotics, a phenomenon that calls for new knowledge to understand these technologies and the
skills to manipulate them.

Many predictions made in the past have come true; however, many of them can be
recognized as ridiculous from a recent perspective. Digital worlds are no exception to the rule,
and quotations such as these can readily be recognized as examples of missed prophecies:

e “I think there is a world market for maybe five computers.” (Thomas John Watson,
IBM, 1943);
e “There is no reason for any individual to have a computer in his home.” (Ken Olson,
Digital Equipment Corporation, 1977);
e “640K ought to be enough for anybody (William ("Bill") H. Gates, Microsoft, 1981):
By analogy, prediction of the number and components of the competences crucial for successful

life in the future can be hazardous, which does not mean that such lists are meaningless.

Itis fact, not opinion that a new time calls for the introduction and improvement of skills
important for citizens. Based on a set of occasionally dubious predictors, many are preparing
lists, collectively called ‘21st Century skills’. According to Tony Wagner (2008), a list of 21%
Century Skills is constituted from the development of the following:

e critical thinking and problem solving;
e collaboration across networks and leading by influence;
e agility and adaptability;
e initiative and entrepreneurialism;
e effective oral and written communication;
e accessing and analysing information;
e curiosity and imagination.
The flexible nature of the importance of top skills can be inferred from comparing two lists of

skills compiled by the World Economic Forum (2016) (Table 1).

Table 1: Lists of the most important skills compiled by the World Economic Forum

2015 2020
1 Complex Problem Solving Complex Problem Solving
2  Coordination with Others Critical Thinking
3 People Management Creativity
4 Critical Thinking People Management
5 Negotiation Coordinating with Others
6  Quality Control Emotional Intelligence
7  Service Orientation Judgment and Decision Making
8 Judgment and Decision Making Service Orientation
9  Active Listening Negotiation
10 Creativity Cognitive Flexibility
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However, in Wagner's words, "we have no idea how to teach or assess these skills."
Starting from the position that learning by doing and practice is the only practical path for
mastering skills, educators should provide challenging tasks that will not only attract students
but also motivate them to achieve mastery. It remains an open-ended question whether
adaptation of recent strategies will suffice, or whether new educational forms should be
invented. Based on previous knowledge and experience, project-based education (Rusek &
Dlabola, 2013) is a plausible option for both acquiring and improving the skills on both lists.

THE ROLE OF PROJECT-BASED EDUCATION IN THE DEVELOPMENT OF 2157-
CENTURY SKILLS

The delineation between project-based, problem-based, inquiry-based, discovery-based and
other related styles of instruction is unclear. In the educational literature, these terms are used
loosely and often in ways unrelated to the clarifications and examples provided in dictionaries,
or to the understanding of the same terminology in related practices in other fields such as
industry, entrepreneurship and the arts. For all these instructional strategies, it is common for
them to be based on engagement of students and a student-centred approach in an arc from the
no guidance approach, through minimal guidance, to structured scaffolding. According to the
definition of Marx, Blumenfeld, Krajcik, & Soloway (1997, p.341), the project-based approach
is described as follows:

“Project-based science focuses on student-designed inquiry that is organized by
investigations to answer driving questions, includes collaboration among
learners and others, the use of new technology, and the creation of authentic

artifacts that represent student understanding”.

Regardless of the name used, we can predict that well-defined projects where the major role of
the students is to follow the teacher's guidance uncritically will have minimal or zero influence
on the achievement of 21%-century skills. However, considerable influence can be expected
from the application of carefully planned and conducted, open-ended and loosely-defined
project work. In such projects, the teacher’s role is coaching and mentorship, and the role of the
students is to address a problem, define the project outcome, and in a creative and critically
open atmosphere, find methods leading to the final solution. This does not mean that defined

projects should be abandoned or completely replaced by open-ended versions. The reason is
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that their role as predecessors of open-ended projects is precious. Through scaffolded guidance,
students can learn basic principles of project planning and execution, in an arc from initial idea

to the final product.

THE ROLE OF DIGITAL COMPETENCES IN PROJECT-BASED EDUCATION

Digital competence, digital literacy, ICT literacy and computer literacy are all terms being used
synonymously and interchangeably, in response to attempts to define the capacity to operate
with digital technologies. Undoubtedly, technologies based on ICT have already transformed
our societies, for good or ill. The reason is that digital technologies not only replace and
modernize older technologies, but also change society. As a response, European authorities
have prepared a number of documents and initiatives, where digital competences are recognized
as part of the survival kit of citizens (e.g. DigComp; Digcomp 2.1). It is not enough to recognize
the importance of such competences; in addition, there must be a transformation of education
in the direction of three key ICT related learning activities. Paraphrasing principles already used
in environmental education and applied in technology and engineering education (Ploj Virti¢ &
Sorgo, 2016), the first educational arena is to teach about technology, the second is to teach
with technology, and the third is to teach for technology, leaving open the question of how to
educate for jobs that did not exist at the time workers received their schooling (llleris, 2008).
Nowadays it is difficult to imagine any project that is not supported by or based on digital

technology, which calls for a set of skills to apply them, if not to operate with them.

THE ROLE OF INQUIRY IN PROJECT-BASED EDUCATION

Based on older pedagogical theories such as Dewey’s and learning by doing, all forms of project
work should include inquiry. This may not be completely true for simple, well defined projects,
where outcomes and standards for their assessment are known beforehand, but inquiry is
obligatory in open-ended and vaguely-defined project-work. Inquiry in such contexts can be
regarded as a process of seeking answers -- a process that should be, to a greater or lesser extent,
scaffolded by instructors. Through scaffolded inquiry, students can develop the information
literacy skills that can provide them with the ability to address a problem and to find, select and
manage sources. Typically, the information-literate student should recognize signs of flawed
sources and biased information. However, information literacy must be upgraded with data and
statistical literacy. All three literacies are interconnected and can be regarded as transferable

skills applied not only in the projects at hand but as a lifelong strategy, as well.
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THE ROLE OF INFORMATION, DATA AND STATISTICAL LITERACY
IN PROJECT-BASED EDUCATION
The internet has made it easier than ever to access information; however, recently it has
emerged as a forum that is far from ideal in cases where evidence and logical reasoning
(Thouless, 2011) are expected to govern providers of information and its users. In the DigComp
frameworks, information literacy is recognized as an integrated part of digital competence for
everybody. However, most references connect Information Literacy to Libraries as providing
an intellectual framework for understanding, finding, evaluating and using information (ACRL,
2000). A comprehensive review of the different definitions of information literacy is provided
by Boh Podgornik, Dolnicar, Sorgo, & Bartol (2016). It is a commonplace that digital natives,
given their heavy use of technology from an early age, are automatically information literate--
which is far from the truth. As was recognized by Sorgo, Bartol, Dolni¢ar, & Boh Podgornik
(2017), only well-designed and purposeful courses are significant predictors of information
literacy. ICT ownership (smart phones — stationary and mobile computers); ICT experience
(usage on a scale from never, to a few times a day); Internet confidence ( | feel comfortable
when ...); and ICT-rich courses (the number of courses where ICT was used in a student-active
way), were all tested as possible descriptors of digital nativeness influencing information
literacy. The findings revealed that the attributes of digital natives — ICT ownership, experience
and confidence--did not correlate with information literacy; however, they did correlate among
themselves, leading to the conclusion that society cannot rely on information literacy skills
achieved through a disorganized and spontaneous process.

Nevertheless, even if the best sources are collected, they are worthless if readers are
unable to understand, manipulate and synthesize data, abilities that can be regarded as

constituting data and statistical literacy. In the words of Schield (2004),

“The evaluation of information is a key element in information literacy,
statistical literacy and data literacy. As such, all three literacies are inter-related.
It is difficult to promote information literacy or data literacy without promoting
statistical literacy. While their relative importance varies with one’s perspective,
these three literacies are united in dealing with similar problems that face
students in college. More attention is needed on how these three literacies relate
and how they may be taught synergistically. All librarians are interested in

information literacy; archivists and data librarians are interested in data literacy.
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Both should both consider teaching statistical literacy as a service to students

who need to critically evaluate information in arguments.”

The insufficiency of information literacy can be traced in the evolution of the Digital
Competence Framework for Citizens in the section on information literacy. Differences can
readily be recognized in the changes to corresponding frameworks from 2013 and 2016 (Pérez-
Escoda, Fernandez-Villavicencio, 2016) (Table 2).

Table 2: Differences in DigComp and DigComp 2 frameworks in the domain of information literacy.
DigComp (2013) DigComp 2 (2016)

A Framework for Developing and Understanding | The Digital Competence Framework for

Digital Competence in Europe. Citizens

1 | Browsing, searching and filtering information. Browsing, searching and filtering data,

information and digital content.

2 | Evaluating information. Evaluating data, information and digital
content.

3 | Storing and retrieving information. Managing data, information and digital
content.

When talking about different kinds of literacy the first question to be answered is, ‘What is data
literacy?’” The definition provided by Carlson, Fosmire, Miller, & Nelson (2011) goes as
follows:
“Data literacy involves understanding what data mean, including how to read
graphs and charts appropriately, draw correct conclusions from data, and

recognize when data are being used in misleading or inappropriate ways.”

Nowadays, we are witness to numerous cases where data are being interpreted or misinterpreted
in varying ways. Examples of such claims include our understanding of the presence of
chemicals in food, or misunderstanding of the difference between danger and probability, and
as a further example, a misreading of units contributed to the loss of the Mars probe.

A prime example of the importance of out-of-the-box data interpretation is the solution
to the problem of armouring aircrafts created by Albert Wald. Wald’s genius lay in
reinterpretation of the damage to aircraft returning from bombing missions. The prevailing idea
was that the positions most heavily damaged should be additionally armoured. He recognized
that they lacked the ability to analyse damage to planes that failed to return. He concluded that
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only planes with non-lethal damage were returning. Therefore, he advised additional
reinforcement to areas where the returning airplanes were untouched (Wainer, 1992).
Operationally, our conclusion can mean that during project-based education, students
should collect and interpret either their own data or assigned data to find novel and creative
solutions. Not to be forgotten is that important issues in data management are privacy, safety
and intellectual property. However, these are of minor importance for school-based projects,
and so are not discussed in this paper.
An upgrade to data literacy is statistical literacy. It can be defined thus (Wallman, 1993, in
Ferligoj, 2015):
“Statistical literacy is the ability to understand and critically evaluate statistical
results that permeate our daily lives — coupled with the ability to appreciate the
contribution that statistical thinking can make in public, and private,

professional and personal decisions*.

And in the words of H.G. Wells (in Ferligoj, 2015), “Statistical thinking will one day be as
necessary for efficient citizenship as the ability to read and write.”

It remains an open question at what level someone should understand statistics, and from
individual practice, it is known that even academically educated persons can have difficulty
understanding even traditional statistics, not to mention its modern variant. Developing
statistical literacy is probably one of the most difficult challenges in education, reflecting
complexity at the content levels and lack of experiences with statistics of teachers. According
to Watson, & Callingham, 2003), there are six levels of understanding statistics: Idiosyncratic,
Informal, Inconsistent, Consistent non-critical, Critical and Critical mathematical. It is beyond
the scope of this paper to provide solutions for the introduction of statistics; however, the best
approach is through learning by doing, and within the framework of problem- and project-based
work, there is enough space for improvement. As a conclusion, it can be recommended that

students should begin statistical thinking as early as possible.
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PROJECT BASED TEACHER EDUCATION
TO DEVELOP MATERIALS, INSTRUCTION AND CULTURE
FOR PHENOMENON-BASED STEAM PROJECTS WITH
PUPILS IN SCHOOLS

LINDELL Anssi, KAHKONEN Anna-Leena and LOKKA Antti

Abstract

In Finland, the most radical ongoing school reform is fading out the borders around school
subjects to better prepare young people for future challenges. The new National curricular
guidelines include phenomenon-based learning (PhBL) at all school levels. In teacher
education, we have adopted a project-based approach for accustoming teachers to this change.
Communities of learners with diverse areas of expertize are called together to accomplish
projects, along with student teachers. The driving questions are directing the development of
materials and guidance to realize cross-subject educational projects with pupils in schools. We
are applying Ajzen’s Theory of Planned Behaviour to examine student teachers’ salient beliefs
for three primary constructs: attitude, subjective norm, and perceived behavioural control
defining their intention to accomplish PhBL. The initial data were collected by a questionnaire
from 14 special education student teachers, after participating in a Checkpoint Leonardo:
Stealth —project to develop teaching for cross-subject science, technology, engineering, arts and
mathematics (STEAM) learning sequence. Three of the students were interviewed after the
project. The main findings for improving teacher education are the perceived opposition of
pupils’ parents towards PhBL and the variance of concerns that student teachers have towards
realizing PhBL. These findings are used as the basis of an intervention in the following years’

project-based teacher education.
Key words

Student teachers® beliefs, Phenomenon-based learning (PhBL), STEAM education,
Project based teacher education

INTRODUCTION

Finnish 15-year-old students performed extremely well in all categories of the last Programme
for International Students Assessment (PISA) 2015. Their rankings were 4", 13" and 5" in
reading, mathematics and science, respectively (OECD, 2016). In the collaborative problem

solving test, Finnish youngsters were seventh, ranking second in Europe, right after Estonia
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(OECD, 2017). However, we face big challenges: boys’ average performance lags behind the
girls’ average more than anywhere in the world; the trend of the rankings is sharply descending,
and school satisfaction is low (Currie et al. 2009). The Finnish National board of Education
responds to these challenges with the new phenomenon-based National Core Curricula for basic
education, grades 1-9 (2014) emphasizing collaborative methods and PhBL. A search in the
contents of this 508-page document gives in total 470 hits for the Finnish keywords meaning
inter-disciplinary (PhBL) education. Similar searches with words of “community” (of learners)
and “learning environment” give 510 and 284 hits respectively. As the interdisciplinary
approach to authentic problems and the use of diverse communities of learners in
comprehensive learning environments are the cornerstones of project-based education (PBE)
as well (Krajcik & Czerniak, 2014), we may presume that the new Finnish curricula ask for

project-based methods.

Also the European commission calls for inter-disciplinary approach in education
(Hazelkorn et al. 2015). They indicate that too often science education limits only to knowledge
of and methods for understanding physical systems, living systems, earth and space systems
and technology, referred to by an acronym STEM (science, technology, engineering and
mathematics). In addition to that, we should support arts-based initiatives, e.g. film, media,
visual arts, etc. to develop resources promoting science learning, positive views of science and

a scientific culture. This approach is called the STEAM focus, where A is for arts.

As STEAM is still a new and exotic approach in education, there are not many materials
for teaching. In addition, instruction supporting learners’ autonomy, collaborative teaching, and
learning in PBE, are unfamiliar to many in-service teachers. To overcome these barriers, we
have been developing a project based teacher education model for phenomenon-based STEAM
education since 2012. The core idea of this model is that (student) teachers collaborate with the
community to develop materials, instruction and the culture for STEAM projects with pupils in
schools. The next developmental phase of this model is to study student teachers beliefs about
STEAM education, to learn if they are going to utilize the model in practice in the future. From
this knowledge, we can develop our PBE model to support student teachers to exploit their
resistance to benefit their learning (Bronkhorst et al. 2014). Our research question is “What kind
of beliefs student teachers have about PhBL influencing their intentions to implement STEAM
PBE in schools?”

There exists a huge amount of research reports about teachers’ and student teachers’

beliefs about various issues. However, we could not find any reports on student teachers’ beliefs
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about PhBL or inter-disciplinary education. Haney et al. (1996) studied teacher beliefs and
intentions regarding the implementation of Ohio Competency Based Science Model. They
found that attitudes toward implementing the model appear to be critical components to the
educational change process. Diakidoy & Kanari (1999) studied student teachers’ beliefs about
creativity. Their results indicated that student teachers tend to perceive creativity as a general
ability primarily manifested in the context of artistic endeavours. They also separate the creative
outcomes from the correct answers: creative outcomes were considered novel but not
necessarily appropriate or correct. Torff (2015) compared beliefs about learning and teaching
in a survey with 214 parents and 196 teachers. He found that parents believe more in curricula
and teachers believe more in student-centred way of teaching. The difference should be taken
into account in communication between stakeholders. Reeve et al. (2014) investigated the role
of three beliefs in predicting K-12 teachers’ motivating style toward students. They studied how
effective, how normative, and how easy-to-implement autonomy-supportive and controlling
teaching motivation styles were believed to be. The average beliefs of this international sample
of 815 teachers from 8 countries were that autonomy support was relatively more effective than
teacher control, controlling is relatively more normative and easier to implement than was

autonomy support.
THEORETICAL BACKGROUND

We are applying Ajzen’s theory of planned behaviour (Ajzen, 1985) to find beliefs that
influence student teachers’ intention to engage STEAM PBE. According to this theory, an
intention to a behaviour depends on one’s attitude, normative beliefs, and control beliefs about
that behaviour. These include beliefs about perceived consequences (Ci), others’ expectations
(fj) and resources or barriers (pn) for that behaviour (see fig. 1). How much each of these beliefs
affect the intention towards the behaviour, depends on their power in any individual’s case. An
estimate of whether a perceived consequence is good or bad (gi) amplifies the attitude
component. Similarly, motivation to comply (m;) with a certain group puts gain on the belief
about the expectations of that group. Each resource required by, or barrier against, a behaviour
needs to be multiplied by an estimation of one’s potential to overcome these (In). Multiplying
the strength of each salient belief by its estimated individual power we can then determine the
direct variables for the attitude (AB), subjective norm (SN) and perceived behavioural control
(BC) as averages. The behaviour depends on the intention to the behaviour, which in turn, is
dependent on these direct variables. Further, the weight of each of these is still dependent on

external variables of demography, general attitudes and personal traits, for example.
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Attitude toward the
behaviour, AB

Are these consequences
good? g;

Subjective Norm, SN
Motivation to comply
with these? m,

Percieved behavioral

control, BC
__ Do these concern me? /,

Resources
Who are or
for it? f; barriers,
Py

Fig. 1. In the Theory of Planned Behaviour (Ajzen, 1985), beliefs are used to predict an individual’s

intention to engage in a behaviour using the outlined mathematical model.

We started our study by developing a survey instrument to assess beliefs about PhBL.
First, five researchers (including the authors) elicited their ideas about students’ attitudes, norms
and behavioural control in PhBL. To find the beliefs most salient for students, a group of ten
student teachers assessed these ideas by a seven-step agree-disagree scale prior to the project.
In addition, they were asked to bring up new ideas by open questions about their beliefs. By the
results of this study, we chose n=4, 1=7 and q=6 emerging beliefs in attitudes, norms and
controls, to construct question pairs to find out the 17 products cigi, fjm; and pnln to calculate
the direct variables AB, SN and BC respectively (fig. 1). After the project, 15 student teachers
responded to the 34 questions (17 pairs of questions) with step scales from -3 to +3. Thus, each
product is a number between -9 and +9. One student from each of the three project groups was
called for a semi-structured interview to revisit their pre-questionnaire answers. Roughly
described, one student was in favor of, one against, and one with a neutral attitude towards
PhBL.

CONTEXT, TASKS AND LEARNING ENVIRONMENTS DURING THE COURSE

The CPL Stealth extended group included four colleagues at the University of Jyvaskyla, a
supervisory board with eight members from various fields and the head curator from Jyvaskyla
City art museum. This study was realized within an applied, PhBL course combining pedagogy
of arts (2 ECTS) and science (3 ECTS). The course was taken by 15 student teachers
(elementary school / special education, 2nd year students).

The course programme started with a VTS (Visual Thinking Strategies) demonstration
that was held at the Art museum, focusing on three young Finnish artists” exhibition

(https://www.jyvaskyla.fi/taidemuseo/nayttelyt/hautamaki havia somervuori). VTS is the
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product of a research-based education nonprofit that believes thoughtful, facilitated discussion
of art activates transformational learning accessible to all (Housen 2002). The second meeting
had preliminary, classical inquiries about vision. Science included inquiries about light sources
vs. reflected light, colours, contrast, resolution and lenses vs. apertures. From the artistic point
of view, we promoted for instance ideas about looking and likeness: Two colours look alike, A
colour has many looks, Additive and subtractive mixing and mixing shades (Albers, 2013).
Next the project groups (A - Invisibility cloak, B - Chameleon and C - Camouflage) started
designing and testing teaching materials for 3 x 45 min. lessons for 3-6 graders. Topic was to
inquire the phenomenon of (in)visibility. The groups presented their teaching materials to the

CPL extended groups and improved upon feedback.

Eventually, groups A and C used their teaching materials at local Puistokoulu -school
with 4th and 5th grade pupils and group B hosted a workshop at the Natural history museum of
Central Finland. After the teaching experiences were finished, we hosted an evaluation session

for the groups at the university.

RESULTS

The student teachers’ most salient beliefs addressed in our PhBL questions, and the averages
of the assessed effects of these beliefs, are presented in Table 1. The calculated averaged sums
in the sample for AB (Attitude), SN (Subjective norm) and BC (Perceived behavioral control)
are 4.1, 3.6 and 3.75 respectively. The beliefs that assign most advantage to PhBL are the
perceived positive example set by pedagogy experts and possibility of co-teaching with
colleagues. The only belief regressing the intentions to utilize PhBL was the belief that parents
of pupils oppose PhBL. The three interviewed students were given pseudonyms describing their
attitudes to PhBL. They represent three profiles of innovation adapters; each with important

strengths and utilizable value in the teacher community.

Table 1 Averages of the effects of salient beliefs on intention to utilize phenomenon-based learning.

Average of the strength of salient beliefs multiplied by its estimated
power
Attitude, Self-gui- Motivation, | Theory and Creativity,
cg; dance, 2,9 4,3 practise, 4,6 4,6
Subjective norm, Parents, Teachers, Pupils, Curricula, Pedagogy
fm, -1,0 1,9 5,2 5,2 experts, 6,8
Perceived beha- School cul- Resources, | Education, Co-teac-
vioral control, p./, ture, 0,6 1,6 6,0 hing, 6,8

The first, Ada Adapter, believed in benefits of PhBL: “Pupils gain such skills and
thinking strategies that they can benefit from in their real life and environment, more than
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studying something minor within a school subject”. She also counted on pedagogy experts and
curricula: “Because phenomenon-based learning and integrating different subjects is supported
[by these instances], there must be some evidence for its benefits”. Ada considered
collaboration between teachers important, wishing for “a good professional community and
atmosphere and time for co-operation and good colleagues who are engaged in (phenomenon-
based) practise. Co-teaching or just a collaboration and discussing together”. Her strength is
in openness and being an early adoptee, ready to try out different things.

Priscilla Pragmatic longed for concrete resources for teaching: “There will be no time or
resources for that” and “Concrete examples and materials are needed, so that one won't need
to start to build everything from scratch”. She approached the issue from the school community
point of view, saying: “In practise, everyone but the teachers are rallying for [phenomenon-
based learning], but those who need to do the job are not quite in on it yet” and “Of course one
must listen to the experts and follow the curriculum, but mainly the teacher colleagues who are
around...in one’s own professional community.” Her strength is in building a strong teacher
community and ensuring support: not setting out on a new path alone, unless there are fellow

colleagues sharing the journey.

Christine Critical doubted that all learning should be phenomena based. “In our
(pedagogical) studies we have done so much phenomena based projects, that we are already
tired with them... There should be a limit for how many can be done at a time.” 1t was almost
as if a confession to make: “Sometimes it is nice to study, you know, so that you read a topic
from a book and do the exercises.” She also considered critically the possibility of PhBL in a
class of a new teacher “If I consider, when I start as a teacher, well— I'll be a new teacher and
it will be my first year and it would probably take all my resources more to that I will learn
more effectively and manage the group of pupils and it may be so that in the beginning I need
to go by a more traditional model, but after gaining some routine for my own action it might
clear up and it might be easier for me to see those whole topics.” Her strength is in looking at
the personal resources of each actor in the process and recognizing possible difficulties ahead
of time; she will plan her way around difficult spots and be able to lower the bar until she or

her students are back in full strength.
CONCLUSIONS
We approached our research question from two directions: what are the actors influencing

student teachers’ opinions and beliefs - and ultimately their intentions - about PhBL, and is
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there considerable diversity amongst the intentions within a group of student teachers? The
reason for doing this study is in improving our teaching so that it better meets the needs of our

student teachers. Here we revisit these results and envision relevant improvements.

From the initial stages of questionnaire making and assessing, we were able to list belief
components in categories of attitude (AB), subjective norm (SN), and perceived behavioral
control (BC). The use of TPB allowed us to compare the relative strengths of the effects of each
category and component. While in the pre- and post-questionnaires we allowed for student
teachers to also write open answers, no new components arose from these responses. We
consider the listed examples in Table 1. to be a fair representation of actors and salient beliefs

influencing student teachers’ intentions towards utilizing PhBL.

The whole group had an overall positive attitude towards PhBL. When interviewing
student teachers whose answers were off from the averages, we gained a more nuanced picture
of their concerns and intentions. We understand now that for some teacher students, the
ownership of self-created learning materials does not outweigh the time and effort spent
creating them, and they would benefit from knowledge that ready, easily accessible materials
are also available for PhBL. For some teacher students, project-based instruction had become a
burden; for these students, we wish to convey that project-based learning is one instructional

technique amongst many and there certainly is a time and place for it, but it is not for all time.

In the next iterations, we will be able to target some of the overall high-ranking influences
to student teachers’ intentions towards teaching with PhBL techniques, and give positive
examples about them. We will also be pinpointing some of the lower ranking influences, such
as the in-service teachers, and especially the parents (who were perceived in the opposition),
and designing an intervention where the student teachers have an opportunity to meet with

representatives of both groups.

We can also offer targeted support according to student teachers’ individual answers in
the pre-questionnaire in the future courses, and discuss the different stances towards PhBL
within the group, highlighting the strengths and support needed by each profile.

REFERENCES

Ajzen, L. (1985). From intentions to actions: A theory of planned behavior. In Action control
(pp. 11-39). Springer Berlin Heidelberg.

Albers, J. (2013). Interaction of color. Yale University Press.

27



Bronkhorst, L. H., Koster, B., Meijer, P. C., Woldman, N., & Vermunt, J. D. (2014). Exploring
student teachers' resistance to teacher education pedagogies. Teaching and Teacher
Education, 40, 73-82.

Currie, C., Zanotti, C., Morgan, A., Currie, D., de Looze, M., Roberts, C., ... & Barnekow, V.
(2009). Social determinants of health and well-being among young people. Health
Behaviour in School-aged Children (HBSC) study: international report from the, 2010,
271.

Diakidoy, I. A. N., & Kanari, E. (1999). Student teachers’ beliefs about creativity. British
Educational Research Journal, 25(2), 225-243.

Haney, J. J., Czerniak, C. M., & Lumpe, A. T. (1996). Teacher beliefs and intentions regarding
the implementation of science education reform strands. Journal of Research in Science
Teaching, 33(9), 971-993.

Hazelkorn, E., Ryan, C., Beernaert, Y., Constantinou, C. P., Deca, L., Grangeat, M., ... &
Welzel-Breuer, M. (2015). Science Education for Responsible Citizenship: Report to
the European Commission of the Expert Group on Science Education.

Housen, A. C. (2002). Aesthetic thought, critical thinking and transfer. Arts and Learning
Research, 18(1),2001-2002.

Krajcik, J. S., & Czerniak, C. M. (2014). Teaching science in elementary and middle school: A
project-based approach. Routledge.

OECD (2016). PISA 2015 Results (Volume I). Excellence and Equity in Education. Paris:
OECD Publishing.

OECD (2017). PISA 2015 Results (Volume V). Collaborative Problem Solving. Paris: OECD
Publishing.

The National Core Curriculum for Basic Education (2014). Helsinki: Finnish National Board
of Education 2016.

Reeve, J., Vansteenkiste, M., Assor, A., Ahmad, 1., Cheon, S. H., Jang, H., ... & Wang, C. J.
(2014). The beliefs that underlie autonomy-supportive and controlling teaching: A
multinational investigation. Motivation and Emotion, 38(1), 93-110.

Torff, B. (2015). Across the Divide: Parents’ and Teachers’ Beliefs about Learning and
Teaching. International Research in Education, 3(2), 60-79.

Contact address
Anssi Lindell, Anna-Leena Kahkonen, Antti Lokka

Department of Teacher Education

University of Jyvéskyla

Finland

e-mail: anssi.lindell@jyu.fi, anna-leena.m.kahkonen@jyu.fi, antti.lokka@jyu.fi

28


http://www.euro.who.int/__data/assets/pdf_file/0003/163857/Social-determinants-of-health-and-well-being-among-young-people.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0003/163857/Social-determinants-of-health-and-well-being-among-young-people.pdf?ua=1
http://ec.europa.eu/research/swafs/pdf/pub_science_education/KI-NA-26-893-EN-N.pdf
http://ec.europa.eu/research/swafs/pdf/pub_science_education/KI-NA-26-893-EN-N.pdf
http://dx.doi.org/10.1787/9789264266490-en
http://dx.doi.org/10.1787/9789264266490-en
http://www.oecd-ilibrary.org/education/pisa-2015-results-volume-v_9789264285521-en
http://www.oecd-ilibrary.org/education/pisa-2015-results-volume-v_9789264285521-en

MINTEGRATION: STEM ACTIVITIES FOR REFUGEE
KIDS

LINDNER Martin, LIPPMANN Jette, KORZENG Anna-Lena,
SCHEWNIN Anita, NENTWIG Stephanie

Abstract

The immigration of refugees into Europe is a challenge to the educational institutions. In
Germany, the children are gathered in so called Welcome Classes. In these classes they are
learning languages, basic facts about Germany and about the school system. Usually they stay

in these courses for one year, until they reach a level of German to join regular classes.

Since December 2016 we are visiting schools in the vicinity of the University of Halle to
offer STEM education courses especially created for welcome classes. The five days program
contains an approach towards STEM related aspects of the human body like hygiene, healthy
nutrition, drug consumption, and sexual education. The learning is organized along many
practical activities and experiments. The classroom work is prepared and taught by teams of
teacher students. One of these weeks was evaluated by a group of three students who were part
of our project practicum this summer term. The data were collected by evaluating mind maps

of the students.
Key words

IBSE, refugees in Europe, evaluation with mind-maps

INTRODUCTION

Since 2010, with a peak in autumn 2015, many refugees from conflict areas in the near east
reached Germany, in 2015 alone these were 800.000 persons. This immigration challenged the
German society in many ways, and for the young immigrants, especially those who came
unaccompanied by parents, special school programs were implemented, the so called “welcome

classes”.

Most of the refugees wanted to live in the vivid international societies of the cities in the
west of Germany, and also in Berlin. They had relatives and national contacts there. Due to this
movement only few refugees settle in the east of Germany, the former GDR under the

dictatorship of the Soviet Union. Concerning this fact it is surprising, that in East Germany
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more people are voting for xenophobic, nationalistic, anti-islamic parties than in the West: there

are only a few refugees and they don’t know them.

Refugees in Germany

Federal St d according to the total numi
iving

Fig.1 Refugees in Germany (left) and voters for xenophobic parties (right). The figure on the left shows the German
States in the proportion of refugees seeking for asylum per population of that state. Source:
www.viewsofththeworld.net . The figure on the right shows the proportion of the votes for the xenophobic party
in the national election in September 2017. The darker the grey, the higher the proportion (source:
https://interaktiv.morgenpost.de/analyse-bundestagswahl-2017/)

Concerning this background, it is more necessary to start initiatives in East Germany to
help refugees to integrate into the educational system, to give them a really welcome classroom

and to provide them with job opportunities, e.g. in the STEM sector.

The department of Biology Education of the Martin-Luther-University in Halle, located
in the German State Saxonia-Anhalt (former GDR) has a long-term experience of organizing
international science camps (lvankova & Rusek, 2016; Rusek & Lindner, 2017) where refugees
took part too. Therefore the staff of the department started the initative “MINTegration” with
the support of the Bayer Education Foundation in 2016 (the title is a mixture of the German
word for STEM, which is MINT, and Integration). The concept is a teaching design for a five
days program on the human body, including hygiene, healthy nutrition, abuse of drugs and
sexual education. These five days are held in groups of 2 or 3 teacher students in different

schools in and around the city of Halle.
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METHODOLOGY

Up to now these activities were designed and carried out with great effort and enthusiasm of
the teacher students, however, an evaluation has not been done yet. With this paper we
demonstrate the first attempt to evaluate our program with scientific methods. These methods
have to deal with the fact that most refugees are not safe in the German language, nor in English
(and also do not have a common native language, as they come from many countries from

Afghanistan, Syria or West Africa).

Due to the language variety we chose the method of concept maps with pictures (Fig. 2).
These pictures should be commented in that way, that the pictures should be named and

connections between them should be marked and commented.
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Fig 2: Concept map of pictures, with the all correct connections and comments (in German)

The concept maps were distributed to the students before starting the project (= pre-test)
and after two days (= post-test). In these two days the teaching included two topics “bacteria”
and “healthy nutrition”. The test allows a comparison of previous knowledge and the new
learned concepts and their connection. Problems occurred were the following: (1) Students did

not know the method ,,Concept Map” and (2) Limitation by language skills.
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We distributed points to compare the first with the second Concept Map
o1 point for the right vocabulary in German
»1 point for each arrow
o1 point for the comment on the arrow

> 0,5 points for a word that was almost right, but spelled wrong

RESULTS

Brisch Zalns TTso

Mq\g\d « Q> 1

Jospoes

Fig. 3: Example of a part of a student’s mind map with Arabic and German vocabulary. The numbers are the
evaluator’s marks on the concept map. Comment: the words in German are quite wrong, however you can guess
the meaning.

After two days of the STEM activity the students’ answers were rated in the following

amounts:

30

25

20 -

15 - M points before day 1 = pretest
m points after day 2 =posttest

10

5 |

o 4

S1 52 S3 sS4 S5 S6 s7 s8 s9

Comparison from the pre- to the posttest

Fig. 4: Comparison of the points of pre- and post-test of 9 students (S1-S9)
After the teaching the students gained more points with one exception. Student no.9 did

not understand the task and only repeated the first mind-map, in which he was already good. If
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we go more into detail, we find different patterns to deal either with the vocabulary or the

connections (Fig. 5).

Student A Student B
14 14
12 12
10 10
8 8
6 6
4 4
2 2
0 0
Vocabularies Arrows Comments Vocabularies Arrows Comments

Fig. 5: Comparison of the points of pre- and post-test of two students concerning different aspects given in their
mind-map. Light grey: pre-test, darker grey: post-test.

DISCUSSION AND CONCLUSION

The results give a clear picture: every student learns about the vocabulary and also learn about
the concept behind the activities, as they could not only draw the arrows but also the comments
on them were improving very much (Fig. 4). Of course we have to take into concern the data
were gained from a small group of persons, however they indicate a success in our teaching
activities. Student No. 9 did not learn new things, this might be due to an error in understanding
the task. It was clear that this student had already in the pre-test a wider understanding than the

others.

If it comes to a more detailed comparison between single students, the data show a
differentiated picture on the performance of single students (Fig. 5). As student A shows a
smaller learning amount compared to student B, he really improves in all categories. Student B
shows a clear improvement in commenting the arrows, however shows a small decrease in
drawing correct arrows. This might also be a side-effect of his intense work on the other

categories.

Our data could not prove the other implications we have with our project. The job
perspective was not researched, and also the aspects of integration. Further research is needed
to improve knowledge on the amount of integration we could reach by programs like this. As
we are now starting to conduct our activities in mixed classrooms with German and refugee
students, we will be able to research the feelings and the cooperation of both groups. The career

aspect will be included in interviews which we are planning for the next training courses.
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KONFERENCE O PROJEKTOVEM VYUCOVANI:
OHLEDNUTI ZA 15 ROCNIKY

Project-based Conference: A Lookback after 15 years

RUSEK Martin, VOJIR Karel

Abstract

The paper contains results of a content analysis performed on the papers published in the
proceedings from the previous fourteen years of the conference Project-based Education in
Chemistry (1st—7th), Project-based Education in Chemistry and Related Fields (8th and 9th)
and Project-based Education in Science Education (10th—14th). More than 200 papers were
analysed. As far as the topics are concerned, the traditional focus on practical examples of
projects have been complemented with topics about inquiry-based education and also
theoretical papers in the last several years. The trends suggest not only growing numbers of
participants, but also orientation to broader spectrum of topics which are represented by student
activating strategies. The most frequent topic concerns salt followed by topics concerning food,

water and environment.
Key words
Content analysis, school projects, research trends
UvoD
U ptilezitosti patnactého vyro¢i konference o projektovém vyucovani se nabizi ohlédnuti za

pfedchozimi lety. Tento piispévek je obsahovou analyzou textdi publikovanych ve ctrnacti

konferen¢nich sbornicich od roku 2011 — roku zapoceti tradice ,,projektovych konferenci®.

Pti analyze jednotlivych textd bylo zapotiebi zohlednit koncepci jednotlivych ro¢nikt
konference a jejich vyvoj. Do roku 2009 byla konference orientovana pouze na studenty
ucitelstvi a jejich navrhy projektd. Dalsi pozadavky (ovéfeni v praxi, podlozeni efektivity
vyzkumem apod.) nebyly na texty kladeny. Po roce 2010 se do tfad ucastnikii zacali fadit
studenti z dalSich pracovist, pfibyli studenti doktorského studia a také zahrani¢ni ucastnici.

Konference se také oteviela dal§im pfirodnim védam.

Cilem tohoto ¢lanku je poskytnout ¢tenafi informace o vyvoji konference a jejim

potencialnim dopadu na Skolni praxi. Zamérem autorti je také sumarizovat stav poznani, které
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autofi jednotlivych textd prezentuji ve sbornikovych piispévcich a vytvorit tim jakysi majak

pro dalsi autory pusobici v této oblasti.
METODOLOGIE

Analyze byly podrobeny vSechny texty publikované ve sbornicich z konference Projektoveé
vyucovani... mezi lety 2001-2016 a texty zroku 2017 zaslané autory do konferen¢niho
sborniku. Pfi analyze byla vyuzita standardni procedura, tj. byli sledovani autofi, pracovisté

autord, obor, témata, klicova slova, poc¢ty publikaci atd.

Analyza probihala kvalitativné, jeji vysledky pak byly pro ucely dal§iho zpracovani
kvantifikovany. Synonymni klicova slova v rtiznych jazycich (¢i sklofiovani a jejich zkratky)
byla sjednocena a vyhodnocovana v souctu. Pro potieby identifikaci témat byly nejprve zvoleny
kategorie pouzivané v textech zaméfenych na vyzkum v didaktice pfirodnich véd (Lin et al.,
2014; Teo et al., 2014). V piipadé vyskytu dal$iho tématu byly kategorie pridavany. Méné

pocetné zastoupené kategorie byly v ptipadé ptibuznosti slouceny.
VYSLEDKY

V konferen¢nich sbornicich od roku 2001 vyslo celkem 254 ¢lankt. Grafickym zobrazenim
vyvoje jejich poctu je graf 1. Z vysledkil vyplyvéa narlst piispévkd. Ten je dan predevSim

zvySujicim se zajmem akademikd.
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Graf 1 Pocty piispévki publikovanych v konferenénich sbornicich v jednotlivych letech
O zaméteni jednotlivych textl vypovidaji klicova slova volena autory ptispévku. Piehled
nejcasteji pouzivanych je uveden v grafu 2. Pro vyssi pfehlednost bylo ze souboru odstranéno
kli¢ové slovo PBE/project-based education apod., které bylo zastoupeno 128krat. S ohledem

na nazev konference je jeho pouziti autory zfejmé a nema tak ptiliSnou vypoveédni hodnotu.
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Graf 2 Poéty kli¢ovych slov zvolenych autory jednotlivych texti v konferenénich sbornicich
Z vysledkl vyplyva, Ze mimo projektového vyucovani autofi piispévkl cili nejCastéji
na badatelsky orientované vyucovani, uvad€ji obor zaméfeni pfispévku a jednotlivé

charakteristiky projektového nebo badatelsky orientovaného vyucovani.

Analyzované texty byly pro ucely dalsiho popisu déleny do dvou skupin: teoretické texty
a texty praktické povahy. Pocty téchto textd publikovanych v jednotlivych sbornicich jsou
uvedeny v grafu 3. Z vysledki je ziejmé, Ze v prubéhu let se zvySuje pomér teoretickych
prispévki. Tento trend je z Casti zpusoben vysSim podilem akademikli mezi ucastniky
konference, z ¢asti se jedna o pfirozenou potiebu autord ukotvit vybrana témata, ktera se
V posledni dobé stavaji hojn¢ diskutovanymi. Tyto snahy vedou k tfibeni oborti a dalSimu

pokroku v dané oblasti. Z tohoto pohledu je velmi zadouci tento trend udrzovat.
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Graf 3 Pocty praktickych a teoretickych pfispévki publikovanych v jednotlivych letech

37



Dal§im kritériem analyzy textii bylo samotné zamétfeni na dany obor. Jak je ziejmé
z grafu 4, autofi nejcastéji voli mezipfedmétova témata. Vyssi podil chemicky ladénych texth
je mozné interpretovat historickym vyvojem konference (ndzev se z pivodniho Projektové
vyucovani v chemii zménil az v roce 2011), zaroven je zde patrny vliv poradajiciho pracovisteé

a spolupréace s katedrou ucitelstvi a didaktiky chemie Pfirodovédecké fakulty UK.
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Graf 4 Zaméfeni jednotlivych piispévki

Zaméteni mezioborové ladénych textli je zobrazeno v grafu 5. Jednoznaéné nejcastéji
rozpracovanym tématem je jidlo. Autofi vétSiny praktickych projektd se snazi aktualizovat
vzdélavaci obsah zaktum blizkymi informacemi z jejich kazdodenniho Zivota (Srov. Stuckey et
al., 2013). V této kategorii se vyskytuji projekty snézvy: Neni ndm jedno, co jime!
(Moldaschlova et al., 2015), Vi3, co jis? (Krejcikova & Vojtajova, 2015) apod. V rdmci této
kategorie se autofi nejCastéji vénuji zivotospravé (13), dale sacharidim (6), vitaminim (4),
nebo ,,&¢kam* (3). Integrujicim tématem byva mj. i voda, ktera nabizi rizné uhly pohledu

na problematiku.
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Graf 5 Zaméfeni mezioborové ladénych projekt nebo badatelskych tloh
Zaméteni chemickych, prakticky ladénych projekth ¢i badatelskych tloh dominuje

tématika chemie kolem nés. Autofi se dale vénuji i experimentim nebo slozeni a vlastnostem
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latek. Zvlastni skupinu tvoii anorganické latky, z nichZ byl pro zajimavost vyélenéna tématika
soli, kterou se autofi projekti s nazvy Sil nad zlato (Balonova & Urbancova, 2013) apod.

vénovali v porovnani s ostatnimi tématy vice (viz graf 6).
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NacCl)

Graf 6 Zaméfeni chemicky ladénych projekti nebo badatelskych tloh
Zaméfeni biologickych, prakticky ladénych projektd nebo twloh je v porovnani
S chemickymi tématy pon€kud vyrovnanéjsi (viz graf 7). Nejcastéji se autofi v této skupiné
zabyvaji jednotlivymi druhy zvifat, pfipadné nemocemi a mikrobiologii. V kategorii dal$i jsou

umistény texty, které pro jejich pestrost nebylo mozné zaradit.
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Graf 7 Zaméfeni chemicky ladénych projektti nebo badatelskych uloh
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S jistou davkou zjednoduseni vsak byly pouzity kategorie uvedené v grafu 8.
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Graf 8 Zaméfeni teoreticky ladénych texti
Nejpocetnéjsi skupinu nazvanou Metody vyucovani piredstavuji texty veénované
pfedevsim kritériim projektové vyuky nebo badatelsky orientovaného vyucovani, rozbor
dal3ich aktivizaénich strategii apod. (napt. M. Rusek & Becker, 2011; Sindelkova et al., 2016)
Dalsi skupina shodné zaméfenych textd publikovanych pfedevsim v poslednich letech se
zabyva pomuckami nebo vyukovymi materidly typu ucebnich uloh (Vojit et al., 2017).
Nezanedbatelna ¢ast textt byla vénovana i vzdélavani ucitelt a to jak v pregradudlnim, tak

i postgraduélnim studiu.

S ohledem na obsah analyzovanych pfispévki je mimo uvedené ¢lenéni zapotiebi zminit otazku
empirie. VySe bylo uvedeno, ze podil v praxi ovéfenych (nebo alespon ¢asteéné ovérenych)
namétl stupd. Pozitivnim trendem je i snaha autort o empiricky doklad efektivity dané aktivity.
Zpravidla se jedna o klasicky pre-test — post-test design, pedagogicky kvazi-experiment nebo
test (e.g. Lindner & Neubert, 2015; Rudolph et al., 2015). Objevuji se ovSem i kvalitativni
ptistupy — jednim z mnoha je vyuziti metodiky 3A k analyze science kempu (lvankovd &
Rusek., 2016; Martin Rusek, 2016). Tato skute¢nost ptidava problematice na vaznosti a

napomaha rozvijet a dale posouvat vyzkum v didaktice ptirodnich véd.

ZAVER

Presné dé¢leni sbornikovych piispévkll na praktické a teoretické, natoz do jednotlivych
kategorii, se vyznacuje urcitou mirou zkresleni. Piesto vSak na zakladé klicovych slov a
nasledné i obsahu kazdého textu bylo mozné text zaradit do nékteré z vySe diskutovanych
kategorii. Limitem této studie tak je mozna neptesnost vznikla Sirokym zédbérem urcitého textu,

ktery byl vzdy zafazen do jedné kategorie. Hlavnim pfinosem tohoto textu je zevrubny piehled

o Sifce problematiky, kterou konference Projektové vyucovani za dobu svého konani pokryla.
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Zvlasté lichotivym rysem je, ze se z puvodné ryze studentské akce stala konference,
na které vystupuji i zahrani¢ni odbornici. Neopominutelnym je i fakt, Ze mnoho studentti zde
publikuje sviij prvni prispévek, ktery pak miize stit na zacatku jejich publikacni kariéry.
Z hlediska obsahu je pozitivnim trendem nartst teoreticky zamétenych prispévku, ve kterych
autofi pokryvaji Sirokou Skalu problematiky projektového a badatelsky orientovaného
vyucovani. Tento piinos konference a konferencnich sbornikl spociva predevsim v potiebé
ptesné definovat terminy tak, aby i pedagogicky vyzkum v této oblasti mohl stavét na pevnych
zékladech. Velmi ¢asto zmiflovany problém pfili§ volného pouzivani slova projekt v praxi patii
mezi zainé priklady. Z jednoho thlu pohledu sice ucitelé v praxi zkouSi modernizovat svou
vyuku a zatazuji tzv. projektové dny. Opiené o teorii projektového vyucovani by tyto Skolni
aktivity mohly byt efektivnéjsi. RozliSovani projektu, tematicky pojatého integrovaného

vyucovani, vzdélavaciho programu nebo Skolni aktivity je tak zcela zasadni.

Dalsim trendem je vyskyt textl orientovanych na jinou problematiku, nez je projektové
vyucovani. Badatelsky orientované vyucovani jako pfirozend soucast projektd neni
prekvapenim. Autofi vSak stale Castéji vybiraji dalsi prvky, které je sice mozné uplatnit
Orientace konference se tak podstatné méni a téma otvird na obecnou uroven aktivizacnich
strategii fizeni uc¢ebni ¢innosti zakda.

Pozitivnim zjisténim je 1 nardst empiricky podlozenych textl, které tak umoziuji dalsi
rozvoj vyzkumu v oborovych didaktikach. Jako zadouci je rovnéZ mozno hodnotit stoupajici
diiraz na pfipravu uciteld, a to jak na pregradudlni, tak i na postgraduélni tirovni. Pfedpoklad,
ze ucitel v praxi zacne zapojovat projektovou vyuku, aniz ji sdm vyzkouSel, je malo
pravdépodobny. Proto je zapotiebi nejen utvaret kurzy, v rdmci kterych si (budouci) ucitelé
projekty vyzkousi. Vhodné je i podpofit ptipadné uZivatele dokladem o efektivité této formy

vyuky.

V uvodu zminéna role majaku ve zkoumané oblasti je pro organizatory konference
zéasadni iniciativou. Analyzou provedenou pro Ucely tohoto textu bylo zjiSténo, Ze mnoho témat
nebo dokonce celych projektii se opakuje, aniz by autofi projevili znalost pfedchozich praci.
V z&jmu progresivnich snah je tak jednim z dalSich apeli autort tohoto textu, aby autofi spiSe
ptebirali jiz publikované prace, ty upravovali a dale ovétovali. Jediné tak lze tfibit kulturu
didaktiky pfirodnich véd, coZ je hlavnim smyslem konference Projektové vyucovani... Situaci
by rovnéz napomohl vétsi diiraz na empirické ovéreni vysledkti navrzenych Cinnosti. Autofi
tohoto textu si uvédomuji, Ze evaluacnich nastrojii pro projektové nebo badatelsky orientované
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vyucovani neni mnoho, ovsem dil¢i vysledky i volené ptistupy by mohly byt v této oblasti velmi

ptinosné pro celou komunitu didaktiki pfirodnich véd.
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IMPLEMENTATION OF ISHIKAWA DIAGRAM INTO
PROJECT BASED EDUCATION

CIESLA Pawet, NODZ YNSKA Matgorzata, BAPROWSKA
Anna, BILEK Martin

Abstract

One of the very important aspects of project based education is the process of planning
long-term activities during the preparatory phase, however this stage is often not worked out in
deep detail. Planning should be done mainly by learners, however this process is difficult for
them, especially at lower education levels. The Ishikawa Diagram is a widely used tool for
business purposes, especially in product design and quality defect prevention so that to identify
potential factors causing an overall effect. This tool can be easily implemented in the project

based education. The implementation is discussed within the paper.

Key words
Learning by Design, Project Based Learning, Teacher Preparation, Science Education
INTRODUCTION

The history of project based education (PBE) is hundreds of years old, however John Dewey,
Heard Kilpatrick were those who gave this method theoretical background at that times
(Nodzynska, 2015). Project based education has been experiencing a renaissance in recent
years. Based on this strategy, many activities are undertaken practically at every stage of formal
education as well as in non-formal and informal educational areas.

Many teachers and learners focus mainly on the main phase, i.e. the conducting of the
project, while the preparatory phase also plays a very important role and should be treated very
seriously. It should cover the following steps:

— Stimulus — starting idea and initiation of the project,

— Selecting the theme of the project and determining what the product will be,

— Detailed planning of work and division of activities and responsibilities,

— Preparation and signing the contract.

During this preparatory phase most attention is paid to initiation of the project, selection
of its topic and determination what product will arise. Since PBE strategy aims at preparation
for life and promotes learning by solving real problems in real environment (Rusek & Dlabola,
2013), these two first steps of preparatory phase are of crucial importance and they can
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determine pupils” motivation. However, special attention should be also paid to the process of
planning activities, especially long-term activities in long-term projects. This is usually a stage
that is underestimated, minimized, or not deeply treated (Bilek, Machkova & Chroustova,
2016).

However, the way of planning influences the final success, or failure of the project. All
activities, either close, basic, or distant ones should strive to make product complete and refined.
It is why the planning process should include a thorough analysis of various aspects of the
project. Therefore, at this stage, learners should:

— Foresee all directions of work,

— Define what needs to be done,

— Define what resources they need,
— Foresee, what can go wrong,

— Plan the time schedule of the project and deadlines for the implementation of individual

activities (Time management).

In projects carried out in enterprises or by adults, the Gantt diagram (Gantt, 1910) is
most frequently used for time planning; however, due to its structure and complexity, it seems

inappropriate especially for younger learners.

Planning the activities within the project and time planning, although it is the basic
precondition of success, is rarely researched and described from the didactic view, and there
are only a few papers indexed in WOS database concerning that subject, for example
(Baprowska & Bilek, 2017)

The PBE theoretical background enforces that planning should be done mainly by
learners. However, learners do not have appropriate skills to carry out this process entirely by
themselves. In frames of formal school education there is no subject developing such skills.
Thus the process of planning the work within the project is difficult for them, especially at
lower education levels, because they are not used to applying the holistic and detailed planning
in general. In daily routine, pupils prefer coming across close and simple goals step by step, so
they need help with planning in projects; they should be equipped with a tool which will help

them in this area.
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Therefore, it was decided to apply a tool supporting the process of planning subsequent
activities in the project. Analysing the needs and available tools, the Ishikawa diagram was
chosen, which works well for the cause — effect analysis of relations.

THE ISHIKAWA DIAGRAM

The Ishikawa Diagram (Ishikawa, 1976), also known as a fishbone, is a widely used tool for
business purposes, especially in product design and quality defect prevention to identify

potential factors causing an overall effect.

The analysis of the problem starts with drawing the 'fish head' - i.e. the description of
the occurring effect (usually undesirable), and drawing the ‘fish skeleton' - i.e. a graphical
representation of all possible negative factors that could cause the (negative) final effect. To
explain the reasons, Ishikawa listed five (plus one) main components to be solved — so-called
5M+E (Fig. 1.):

- Manpower (people),
- Methods,

- Machinery,

- Materials,

- Management,

- Environment.

main categories of reasons causing the final problem

Problem

sub-reasons

Fig. 1. Ishikawa Diagram
This tool can be easily implemented in the project based education and used for

determining tasks that need to be done. In the first step, the product name should be used instead
of the word "problem™ in the fish head, then in next steps, main elements necessary to
accomplish the project should be defined (Fig. 2). These are the ones that have to be taken into
account — in the picture, they are displayed as branches of the main axis showing the 'main

tasks'. Horizontal legs, marked as ‘elements’, will be the components of this task.
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Fig. 2. Ishikawa Diagram adopted for work planning purposes in PBE
THE IMPLEMENTATION OF THE ISHIKAWA DIAGRAM WITHIN PBE

The main research objective was to verify if the Ishikawa diagram enables learners to
independently plan the activities in the project that need to be done to succeed in the project.
As in real project learners are expected to work and think without or with minimum teacher’s
support, carrying out the research in the real project would be very difficult or almost
impossible. Thus it was decided to research how the learners using the tool will manage
planning activities in a hypothetical project. It was expected that if learners are able to use the
tool independently, they will also be able to use this tool in working groups while working in

real project.
Hypothesis

Application of the Ishikawa diagram to planning tasks in the project will allow learners to

specify tasks, arrange them in the correct order and create a correct work schedule.
Description of the research tool and group

Ninety learners took part in the research. They were learners of primary and lower secondary
school aged 12-16. They lived in a city of 61,000 citizens. The learners had been working

with the project method before so they were familiar with it.

In order to carry out the research, the teacher shortly described the tool showing diagrams
presented in Fig. 1. and Fig. 2. and told pupils how to use them. After that pupils were given a
fishbone diagram on which six lines called the 'main tasks' have been marked. Each line
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contained from two to four branches for sub-tasks. In total, there were 20 places for sub-tasks.

The learners were also allowed to draw their own branches.

Despite the fact that in the project method learners should plan further tasks and objectives in
groups — they worked independently for the purpose of this research. If learners working on
their own are able to use the Ishikawa diagram to plan the activities in the project, they will

more probably reach success when work in groups.
Results

All surveyed learners completed the Ishikawa diagram. Seventy per cent of the surveyed
learners used all six 'main task’ branches in the drawing of the fish-bone. A few learners did not

use all six lines and one of the learners added three extra lines. For more details, see table 1.

Table 1. Usage of main task lines. Descriptive statistics.

median Mode | skewness | kurtosis | standard | Arithme | minimu | maximu
error tic mean m m
6 6 -1.1 2.96 0.11 551 2 9

In the vast majority of cases, learners described the main lines (86.7 % of learners, Table. 2.).

They did it in two ways:

1. They described the consecutive steps to be taken to set up a school garden (e.g. planning
a garden, obtaining required permissions, collecting funds, shopping, gardening, starting party)

— 68.8 % of researched learners.

2. They planned what activities they would like to implement in the garden (e.g. relaxation
garden, green grocery garden, film garden, garden of experiences, etc.) and within the
framework of these activities (gardens) they planned consecutive steps — 17.9 % of researched

learners.
Table 2. The percentage of learners who described 1, 2, ... 6 or more main tasks lines.
Number of described main task lines| 1 2 3 4 5 6 or more
Percent of learners, %| 5.6 5.6 12.2 11.1 14.4 37.8

In a few individual cases (2.2 %) main tasks were also numbered from 1 to 6. Learners described
their diagrams starting from the top line located next to the fish's head (first task) and ended at
the bottom line also located near the head — counter-clockwise. The number of described main
task lines also decreased in that direction - this is exactly what the trend line shows in the chart

(Fig. 3.).
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Fig. 3. Percentage of learners who described each particular main task line numbered from 1 to 6. Each line was
analysed separately

After planning the main activities (called the main lines), the learners were tasked with breaking
them down into sub-activities. In the diagram each main task line had spaces reserved for sub-
tasks. The first branch (first main task line) had three lines for sub-tasks, the second line — four,
the third one — two, the fourth one — three, the fifth and sixth ones — four lines, in total 20 items.
Pupils were also allowed to add more subtasks. On average, pupils used fewer sub-tasks than
they had at their disposal, in particular main lines except for branch 3 where initially they had

only two lines drawn.

Looking collectively at all the branches of the diagram describing the sub-tasks, it can be seen
that on average 16.1 of the available 20 branches were used (Table 3.); 11 learners (12.2 %)
indicated from 25 to 54 sub-tasks. Three learners, despite descripting the main lines, did not

specify further sub-tasks. One of the diagrams also contained sub-tasks dealing with sub-tasks.

Table 3. Description of sub-tasks. Descriptive statistics
Median mode Skewness Kurtosis standard | Arithmetic | minimum | maximum
error mean
18 15: 18 -1.32 5.02 0.89 16.1 0 54
IMPLICATIONS

The results of the research reveal that number of main lines learners use and describe are

strongly influenced by the number of drawn main lines in a blank diagram and they rather use
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fewer lines than they have at their disposal (this is evidenced by negative skewness). They add

extra lines only exceptionally.

Table. 4. SWOT analysis of the Ishikawa diagram in the PBE.

Strengths

Weaknesses

It enables to break down tasks into smaller
ones, which is important especially when
something is done for the first time.
Moreover, it imposes to create the hierarchy
of tasks (main task, subtasks ...)

It allows to organise information from

It allows for more precise planning of
project implementation costs.

It allows to minimize unforeseen situations

that may affect the achievement of a
beneficial project result.

unordered mess, in contrast to the mind map.

There is no place for person's weaknesses -
for example, someone needs more time to do
something

In real, the steps are not really analysed, they
are written only in the schematic way.

The shape of the diagram may influence on
project reception by pupils and the number
of tasks to be done.

Compared to the Gantt chart, there is no
succession of tasks or key tasks for the
project — the project may not keep the
timeframe.

There is no way to enter checkpoints.

Opportunities

Threats

It increases the competence in the analysis
and planning of activities, not only related to
the project.

It shapes job management skills, especially
long-term ones.

Diagram can be too schematic for younger
pupils.

Revealed number of tasks to be done to
conduct the project can demotivate learners.

Main task branches should be analysed separately, as a result more detailed analysis will

be provided. In order to do that and to make sure that nothing is skipped, it is necessary to draw

up the Ishikawa diagram separately for each of the main tasks, and for each sub-task in a more

complex projects (fig. 4).

So, we can assume that main tasks that need to be completed to get a product are

determined. In the next step each of the main tasks is analysed separately and the sub-tasks are

identified to be done to perform this task (what its components are). In the following step, a

thorough analysis of sub-tasks is suggested, indication of the other components to be done, and

finally setting out what elements have an impact on the component implemented. Lowering in

the hierarchy should be carried out until the elementary tasks are determined; it depends on the

complexity of the project.
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Main task 1

Fig. 4. Separate diagram for main task one - dashed line in the fig 2.

When all individual tasks are already laid out, they can be combined into one diagram,
and ordered according to their implementation. Such ordering also enables time planning in the
project. Application of the Ishikawa diagram allows to shorten the time needed for project
planning and to reduce number of the necessary activities which are usually taken for planning
instead of the diagram (for example brainstorming, mind mapping). In contrast to mind maps,
which are sometimes used for such purposes, implementation of Ishikawa diagram follows the

ordered structure of tasks.
CONCLUSIONS

The research reveals that Ishikawa diagram can be easily implemented into PBE and lower
secondary school children can learn planning their work and activities to use this diagram. In a
limited extent it also can be used also for time planning, however this should be enhanced by
other tools. Sometimes it is easier to keep motivation for doing particular tasks when the total
number of tasks is not known at the beginning. Revealing how much work needs to be done to

realise the project can demotivate the pupils.
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WHAT DO CHILDREN DO AT SUMMER CAMPS?
THE ANALYSIS OF GEOSCIENCE CAMPS' PROGRAMMES.

PRAZAKOVA Martina, PAVLASOVA Lenka

Abstract

This paper focuses on children and youth education realized at geoscience camps in the
Czech Republic. It presents the results of a survey conducted at ten different camp sessions in
2017. Its aim is to analyse the types of the educational activities which pupils (ISCED 1-3)
experience at the camps. The qualitative analysis from the instructors' point of view confirmed
that both the geoscience and the interdisciplinary activities play an important role in the camps'
programmes. This study might be helpful to people who decide about children and youth's free

time activities.

Key words

Non-formal learning environments, outdoor education, evaluation, geosciences

INTRODUCTION

The importance of non-formal education is growing in the Czech Republic. It is due to various
national strategies (Ministry of Education, Youth and Sports - see MSMT, 2007) inspired by the
current global trend of lifelong education in the 21 century. The state support brings better
conditions for the work of free-time educators and subject methodologists (Papéacek et al.,
2015).

Prokop (2007) states that non-formal education is based on the formal one. Individual
schools can cooperate with other organizations and become an active part of a public space
(Rabugicova, Sed’ova & Trnkova, 2003). Therefore, two questions are arising. Firstly, what is
the knowledge of individual people who decide about children and youth's in the field of non-
formal education and if the teachers at schools are prepared to find out the needs, interests and
talents of their pupils (Machii, 2010).

According to results of the national research (National Institute for Further Education;
Ministry of Education Youth and Sports) summer camps belong to popular children and youth's
free time activities (NIDM MSMT, 2012). Recently, a project called Network for Science
Camps in Europe, SciCamp, has drawn a public attention (SciCamp, 2015). Its main aim is the
exchange of individual camps' practices and researches, their connection to various scientific

institutions and the possibility to integrate the science camps into the educational systems
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(Ivankova & Cibulkova, 2016). However, Czech geoscience camps did not participate in this
project (SciCamp, 2015).

Nowadays, there is no instrument for retaining and passing on the up-to-date information
about the science camps. There is only a set of recommendations parents might use when
choosing a summer camp for their children (MSMT, 2013). Nevertheless, parents regard school
and teachers as the most influential authority in the choice of child’s free time activities (NIDM
MSMT, 2012).

This study deals with non-formal children and youth education in the field of non-living
nature, geosciences (general geology, mineralogy, petrology, palacontology, etc.). Individual
schools (teachers, school counsellors, educators etc.) play an important consultative role when
talking about non-formal education. Therefore, the key topic of this study is their general
awareness of the issue. Consequently, it is people who participate in making decisions
concerning the children and youth's free-time activities (educators, children and parents) who
might benefit from this paper.

In the main part of the study, a qualitative research from the year 2017 is presented. This
research was realized at ten camp sessions for primary, lower and upper-secondary pupils and
students ISCED 1-3 (UIS, 2012) in the Czech Republic. The aim of the survey was to find out
which types of educational activities pupils experience during the camp sessions. The data
collection was conducted in a focus group of instructors. The tool for the data collection was a
table (questionnaire prepared by the authors) covering individual camps' programmes. The
results of the survey show the educational content of individual camp sessions and point out the

realized geoscience activities and interdisciplinary overlaps of non-formal education.
METHODS

A qualitative approach was used for this study (Svaiicek & Séd’ova et al., 2007). The data
collection focused on information about the programmes of the camps which offered scientific
educational activities (Lindner & Kubat, 2014). The questionnaire was prepared in a form of a
table, inspired by Leblecioglu et al. (2011). It was distributed at the beginning of each camp
session and asked back at the end. It was only in a written form, which means that even the
institutions having no official programme before the actual camp session had started, were able

to submit the required data.

The geoscience camp instructors who participated in the preparation of individual camp
programmes were in a selected group of respondents (n=21). To prevent any duplicate answers
in the case of identical camps, the following steps were taken. In a case of one respondent
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organizing more camp sessions with an identical content, only one questionnaire was filled in.
Should one respondent prepare more camp sessions with different contents, they filled in one
questionnaire for each session concept. In this way, the unwillingness to fill in the same
programme several times was prevented too. Men predominated among the respondents (67 %)
over women (33 %). As for the respondents' occupation, university scientific workers, museum

staff and teachers were involved in the survey.

The data analysis was cyclical (twice in a month interval) using the method of answers'
open coding process (Svafi¢ek & Sed’ova et al., 2007). The gained data were categorized,
quantified and displayed in frequency tables according to the respondents' answers (tab. 2 — 4).
After classifying the findings, the fundamental statements were formulated and the results were

interpreted.

RESULTS
Table 1 shows general parameters of camps covered in this study. Some of the camp sessions

are based on the same concept (session 3 and 4, sessions 6, 7, and 8).

Table 1. General parameters of camps covered in the study.

SESSION (N.) DURATION GEOSCIENCE CONTENT |ORGANIZATION
Session 1 10.—14. 7. mineralogy, petrology university
Session 2 17.-21.7. alacontology contributory o.
Session 3 16.-22.7. . .

Session 4 2 087, general geology university
Session 5 23.-29.7. mineralogy, petrology non-profit o.
Session 6 24, —28. 7.

Session 7 7.—11.8. palaeontology two non-profit o.
Session 8 21.—25. 8.

Session 9 31.7.—4. 8. alacontology contributory o.
Session 10 12.-19. 8. general geology contributory o.

These camp sessions were always held out of the school lessons. Both the outside and inside
learning environments were combined. The courses were short-term, most often five days long,
similarly to other European camps (SciCamp, 2015). Researched camps were either overnight
camps — sessions 3, 4, 5, 10 or day-time only (suburban) — 2, 6, 7, 8, 9. Session 1 was the
combination of both. Session 6, 7 and 8 were the first year of the camp. The camps were
accessible to any interested participants. There was no selection (the camps did not serve as the

environment for selecting talented pupils).

Categories and subcategories of individual coded units are presented in Table 2. With the
basis of given categories and subcategories, a list of educational activities that pupils experience

during camp sessions was created. The gained answers were either of geoscience (78 %) or
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interdisciplinary (22 %) character. The data were quantified and thus the absolute and relative

frequencies in the instructors' answers was analysed.

Seeing Table 2 for geoscience activities, it can be stated that the most frequent activity is
fieldwork (27 %). The following is active and passive work with various texts (18 %) and
looking for factual information in the form of lectures and discussions (17 %). Attending
geoscience expositions (be it inside or outside ones) is represented by 13 %, similarly to
laboratory work (10 %). Less frequent category is collection making (7 %). Excursions is a
category that puts together the answers about visiting various companies and factories. The least

frequent activities which occur at the geoscience camps are watching films (3 %) and playing

games (2 %) with geoscience themes.

Table 2 Identified frequencies in the instructors' responses for geoscience camp activities.

Camp activities Frequency (n;)  [Relative frequency (%)  [Frequency (n»)
Fieldwork 66 27 % 16
Text-based activities 43 18 % 9
Gaining factual information 41 17 % 10
Attending expositions 33 13 % 14
Laboratory work 23 10 % 7
Collection making 17 7% 4
Excursions 7 3% 6
Watching films 6 3% 4
Playing games 4 2 % 3
In total 240 100 % -

Note: Symbol n; represents the frequency of instructors' responses in individual categories, symbol n, represents
the frequency of instructors who gave the response (or more responses) for given categories.

When looking at interdisciplinary camp activities (Table 3) the most significant category is
playing games. The games were artistic, sports or not specified. Other activities are of a minor
frequency —attending indoor or outdoor expositions (9 %), excursions (4 %) and gaining factual
information, only in a form of a lecture (3 %). The next table identified frequencies in the

instructors' responses for interdisciplinary activities.

Table 3. Identified frequencies in the instructors' responses for each interdisciplinary activities.

Interdisciplinary activities Frequency (n;) [Relative frequency (%) [Frequency (n2)
Playing games 57 84 % 12

Attending expositions 6 9 % 6

Excursions 3 4 % 3

Gaining factual information 2 3% 1

In total 68 100 % -

Note: Symbol n; represents the frequency of instructors' responses in individual categories, symbol n, represents
the frequency of instructors who gave the response (or more responses) for given categories.
When looking at interdisciplinary camp activities (table 3) the most significant category is

playing games. The games were artistic, sports or not specified. Other activities are of a minor
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frequency — attending indoor or outdoor expositions (9 %), excursions (4 %) and gaining factual
information, only in a form of a lecture (3 %).

The overview of frequency of individual activities used at geoscience camps from the
instructors' point of view is shown in table 4. According to the instructors, the most frequent

activity is fieldwork (21 %) and playing (usually interdisciplinary) games (20 %).

Table 4. Identified frequencies in the instructors' responses for each educational activity.

Camp activities Frequency (n) Relative frequency (%)
Fieldwork 66 21 %
Playing games 61 20 %
Text-based activities 43 14 %
Gaining factual information 43 14 %
Attending expositions 39 13 %
Laboratory work 23 7 %
Collection making 17 6 %
Excursions 10 3%
Watching films 6 2 %
In total 308 100 %

Gaining factual information (14 %) reaches the same frequency as text-based activities. Pupils
at the camps attend expositions (13 %), work in laboratories (7 %), make collections (6 %) and

make excursions to factories and companies (3 %). The least used activity is watching films

Q2 %).

DISCUSSION

In general, science camps are a popular activity of children and youth across Europe (e.g.
SciCamp, 2015; Ivankova & Rusek, 2015; Lindner & Kubat, 2014). Since the first session in
2010, the popularity and number of special type of science camps (geoscience camps) in the
Czech Republic is growing too. They are mentioned for the first time in Prazakova & Pavlasova
(2017). Their development continues and in 2017 three camp sessions of a new geoscience
camp were realized. Therefore, the research in this field is a new challenge. It is quite
encouraging that every existing geoscience camp in the Czech Republic could be covered in
this survey.

The main part of the study is based on the current need of practice in the Czech education
system. According to study of National Institute for Further Education in cooperation with
Ministry of Education Youth and Sports, the schools should be able to inform about the
possibilities and qualities of free-time education (NIDM MSMT, 2012). Finding out the
methods of objective assessment of non-formal education is quite complicated. Despite the

benefits of evaluative methods (e.g. Cincera, 2012; Ivankova & Rusek, 2015), it is difficult to
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apply them in every situations. That is the reason why this study has used questionnaires
analysing the camp programmes from the point of view of the instructors. As Leblebicioglu et
al. (2011) and Ivankova & Cibulkova (2016) state, camp programmes can be presented in
individual studies, but they are not usually further used, even though they should be one of the
parameters parents look at when choosing a camp for their children (MSMT, 2013).

Earth science activities are often used at the camp programmes (e.g. fossils casting,
minerals collecting, excursions to quarries). However, programmes contain also
interdisciplinary activities (e.g observation in botanical garden or in the zoo, attending a
museum programme about prehistorical people). Interdisciplinary elements can be an important
part of individual activities such as fieldwork (Esteves et al., 2015). The following discussion
is dedicated to certain chosen activities.

As is clear from the results of this survey, field-based activities and games are prevailing.
It is interesting that these are the activities pupils prefer at geoscience camps (see Prazdkova
& Pavlasova, 2017). It can be assumed that pupils who tend to participate at geoscience camps
are those who are interested in the specific subject and activities (Prokop, Hornacova
& Kubiatko, 2007). The tables show an overview of activities used at science camps. It is clear
that many other attractive activating methods could be implemented into the science education.
These are for example problem-based learning, experiential education, cooperative learning,
inquiry-based learning, project-based education (Papacek et al., 2015). As Rusek & Lindner
(2016) stated, there could be the difference between the students’ activity and its evaluation and
the actual learning effect.

The type of the camp (overnight, day-time only or the combination of those two types)
does not probably influence the type of activities used at the camps. Pupils have the opportunity
to see the principles and variety of the Earth Science. This experience might be crucial for their
future career choice (Carrick et al., 2016; Ivankova & Rusek, 2015). The question for future
studies is to what extent pupils' affective thinking (interests, attitudes) might be influenced by

changing the activities at science camps.

CONCLUSION

This paper deals with geoscience camps in the Czech Republic as a new phenomenon in
a non-formal education at primary, lower and upper-secondary level (UIS, 2012). A survey in
the form of a questionnaire was distributed to a focus group of camp instructors at ten camp
sessions in 2017 is a part of this study. The data were analysed using a qualitative method

(Svaiicek & Sedova, 2007). The results show geosciences-based (more often) and
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interdisciplinary (less often) characteristics of the camps. According to the responses, the most
frequent activities are fieldwork and games. The less frequent ones are excursions to factories
and companies and watching films. Learning and teaching at the camps combine traditional and
modern forms of education. However, there is still space for more activating methods to be put
into practice. It can be stated that there are no significant differences between the types of camps
(overnight, day-time only, combined).

It is in the educators' interest to find out the conditions for improving the coordination
between the non-formal and formal part of the education. Last but not least, it is necessary to
find out how to present the existing non-formal educational activities (camps) and the indicators

of their quality to the pupils' parents.
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PROJECT METHOD IN NON-FORMAL EDUCATION
NODZYNSKA Matgorzata, KOPEK-PUTALtA Wioleta

Abstract

In Poland we’ve seen the rapid development of non-formal education. Classes in this type
of education are based on the work according to the instructions provided by the teacher. An
experiment was carried out intended to verify whether that young students are able to
independently perform the project. The pupils had to select topic and on the basis of them create
so-called graduation thesis. The successive stages of the student's thesis preparation
corresponded to the next steps in the method of projects. After the work the students complete
a survey, which examined the growth of knowledge, skills they have acquired in the course of

the project.
Key words

Early childhood education, Experiential Learning, Non-formal Learning, Project based

Learning
INTRODUCTION

In the process of student's development, apart from formal education (acquired within the
school), students are also affected by very strong outside-school influences. This is not a
characteristic situation only for the 21st century, although thanks to the information revolution
of recent decades, this process has intensified. The following types of education can therefore

be distinguished:

is education normally delivered by trained teachers in a systematic intentional way within a school,

FORMAL

higher education or university

includes various structured learning situations, which do not either have the level of curriculum,
NON-FORMAL syllabus, accreditation and certification associated with 'formal learning', but have more structure
than that associated with 'informal learning'

INFORMAL typically takes place naturally as part of some other activity

Fig. 1 Division of education
However, nowadays the change in the role and scope of formal, non-formal (Gutierrez-
Perera, et al., 2016; Porumb, et al., 2013) and informal education at subsequent stages of child

development can be clearly noticed, as shown in the following figure.
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FORMS OF EDUCATION

age of child in years formerly nowadays
18
17
16
15 ;
14 FORMAL || NFORMAL NON- INFORMAL
13 FORMAL additional K\‘C.Y;{Z‘:?:D*. FORMAL FORMAL peer groups, parents,
12 school classes 'npn‘:l‘ s school additional classes grandparents,
& & ‘“hﬁ‘;; ’ siblings, TV. TI
11 b
10
9
8
7 =
6 INFORMAI Fgﬁﬁﬁ INFORMAI
5 FORMAL peer groups, parents, FORMAL addificoal peer groups, parents,
i kindergarten grandparents, siblings kindergarten 2 grandparents,
4 classes e R
siblings, TV, T1
3
2 INFORMAL NON-FORMAL
| peer groups, parents, grandparents, siblings peer groups, parents, grandparents, siblings (TV, T1)
0

Fig. 2 Change in the role and scope of formal, non-formal and informal education at subsequent stages of child
development — own study.

Currently, the offer of non-formal education is very rich, however, it seems that the
Children’s Universities (CU), which enjoy popularity in all Europe (www. 1-7), are of the
greatest value. These are extracurricular educational activities for children, mostly aged 6-12,
whose main purpose is to awaken the students' scientific passion by showing that science is a
fascinating adventure. Classes conducted as part of CU are lectures by experts in a given field
or workshop/laboratory classes, where students search for knowledge under the tutelage of a
teacher. Due to the young age of the students (from 8 to 12 years) activities in these classes are
usually based on performing experiments by students themselves according to the instructions

provided by the teacher.
Review of the literature

In his publication Overton (2010) wrote: “There has been very little research undertaken into
aspects of Children’s Universities”. Until today nothing has changed in this topic. There are
research apparent related to aspects of the formation of a Children’s University the study carried
out by MacBeath and Waterhouse (2008) of the University of Cambridge and research on the
previously mentioned Owerton (2010). Most of the publications constitute the so-called
descriptions of good practice (for example, van Stam, Wahlberg, 2009) only a few publications
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relate to research on the effectiveness of this form of learning (Cakici, Bayir, 2012; Moskal,
Nodzynska, 2014).

DESCRIPTION OF THE EXPERIMENT

It was decided to examine whether the methods used so far in formal education (e.g. the project
method) also work in non-formal education. Namely, whether students aged 8-12 know how to
work independently, without the help of a teacher, and whether such independent work would
bring measurable benefits regarding the expansion of students’ knowledge and skills. To this
end, it was proposed that students who had been attending Wadowice Children's University
(WCU) classes for three years prepare an independent work summarizing the period of their
learning. This work in its character was to correspond to the BA thesis written by students after
the third year of study at the University. The next stages of WCU students’ work on their BA
thesis precisely reflected the next steps in the project method (Rusek, Dlabola, 2013).

The aim BA-project is to develop profound cognition in some field of their interest, self-
study competencies, critical thinking and to gain independence in the processing a research
information. Until now, this type of independent activity has been studied in older students
(Machkova, Bilek, 2017).

Description of the study area

Wadowice Children’s University (WCU) has been run by the Wadowice cultural center (www.
8) since 2014. Wadowice is a small town, a center of pilgrimages related to John Paul 11. There
are no secondary or high schools in the town. WCU is attended yearly by about 120 children
aged 8-12 from nearby villages and towns. For students, classes at WCU are the only window

on the world of knowledge.
Goals, research methods

The goal of the research work was to check whether students aged 8-12 would be able to
complete the project while working independently at home and also what additional knowledge
and skills would be gained during the project. New knowledge and skills regarding the subject
of the project as well as those that did not directly concern the topic of their work were of

interest for us.
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perform tasks
| Necessary measures
and solutions to
perform tasks
{ Actions and procedures

: Actions and procedures
| Work schedute |

| Necessary measures |
and solutions to
{ Work schedule |

Formulating objectives |
and tasks
4 Division into groups
Formulating objectives|
and tasks

Introduction to the
project
Select topic
project name
| Lectures or laboratory
classes
Select topic.
project name

(1.

{ Steps In typical project|
{Steps In this experiment

Fig. 3. Comparison of the next steps in the project method with the next steps in the preparation of the BA
thesis by WCU students — own study.

A questionnaire was used as a research tool (Table 1). After the work the students were
asked to complete a survey, which examined the growth of knowledge, skills they have acquired
in the course of the project. Test results revealed diversity of maturity and independence in the

performance of students projects.

Table 1 Questionnaire of the researcher

QUESTIONS CONCERNING THE TOPIC QUESTIONS CONCERNING THE
STUDENT

1A. Before | started my work, | knew that ... | 1B. During the preparation of the work |

2A. During the preparation of the work | learned that (from other areas than the
learned that ... subject of the project) ...

3A. As | was working on my task, the 2B. While preparing the work, | gained the
following new questions appeared: following skills ...

3B. During the preparation of work it was
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difficult for me ...

4B. During the preparation of work it
surprised me ...

5B. During the preparation of the work | was
proud of ...

6B. What else would 1 like to learn?

RESEARCH RESULTS

At the end of the 2016/2017 academic year, 70% of WCU students (44 students) completed
their BA thesis, but only 18 submitted completed questionnaires. The students did a lot of
different answers to the questions because the questions in the questionnaire were open.
Therefore, the questions were grouped for further analysis. However, nevertheless, the studies

should be treated as qualitative rather than quantitative.

The students were aged 8-12, half of the group were girls and half boys. The distribution
of age and gender in the surveyed group was consistent with the distribution in the entire
population of students who completed BA theses.

The analysis of the received data shows that, when starting the project, most of the
respondents (11) had basic information about the topic of their future work (see Table 2) — this
is in line with the project's assumptions, WCU students were to choose the topic of work based
on the topic of the classes in which they had participated in WCU. Only 4 people chose the

topic that was their hobby — that is why their knowledge of the subject was very wide.
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Tab. 2 Students’ free answers to question 1A were classified into 5 types of answers (own study).
Before | started writing, | knew that ...

... what will be the form of work 1
.. what will be the theme and form of work 1
.. daily observations on the topic 1
.. basic information about the subject 11
.. extensive knowledge about the topic 4

The purpose of the second question was to check whether during the implementation of
an individual project, students broadened their knowledge. Various student responses were
classified into 5 groups (Table 3). It can be seen that the majority of students not only
significantly expanded their knowledge but also made it more detailed (9 people).

Tab. 3 Students’ free answers to question 2A were classified into 5 types of answers (own study).
During the preparation of the work | learned that ...

.. refinement and extension of knowledge 9
.. broadening knowledge 5
.. time planning is important 2
.. self-awareness 1
.. o answer 1

The third question was to check whether the students performing the project focused only
on solving problems and tasks related directly to their project, or they were also developing
themselves scientifically by asking themselves new scientific questions. Almost all WCU
students (16 people) asked themselves questions that were divided into four categories
(Table 4).

Tab. 4. Students’ free answers to question 3A were classified into 4 types of answers (own study).
As | was working on my assignment, | decided on new questions about ...
philosophical question

general question

detailed, practical question

N O O b

I did not ask any questions
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Comparison of students' initial knowledge (answers to question 1A) with answers to
questions 2A and 3A of individual students is very informative. After ascribing digital values
(from 1 to 4) to students’ answers, it turns out that the largest increase in knowledge was in the
students with an average initial level of knowledge (in the graph: students no. 9, 10 and 11, and
even higher no. 12, 13 and 14). Students whose initial knowledge was very broad and in-depth
(15-18) only slightly expanded their knowledge during the project (see Fig. 4). This also applies
to some students with an average initial knowledge (no. 4-8). It seems, therefore, that the project
method, as a method of independent knowledge acquisition, is the best for students who already
have some knowledge, but not very extensive. In the case of students with in-depth knowledge
in a given field, it seems that it does not bring the expected results in terms of the broadening
of knowledge from a given subject.

4 W Q1A
W 2B
Q 3A

Fig. 4 Increase in knowledge during the project — comparison of answers to questions 1A, 2A and 3A.
Statistical calculations (Spearman's test) indicate a weak non-linear relationship between
the answers to questions 1A and 2A (0.182) and a moderate relationship between the answers
to questions 2A and 3A (0.437). Therefore, it can be concluded that the increase in students'

knowledge causes the emergence of new, inquiring questions.

Since, during performing the project, students also gain skills and knowledge outside the

scope of the subject of the thesis, further questions were related to this area.

And so to question 1B: During the preparation of the work, | learned that... (from other
areas than the subject), students gave various answers, which were classified into 7 groups:
wrong answer (about the topic of work) - 4; no answer - 6; nothing - 1; time and work planning
- 1; knowledge from other fields - 3; computer skills - 2; technical - 1. It can be noticed that
only 7 students observed increase in their skills and knowledge unrelated to the subject of their

work. It seems that the majority of students were focused on the implementation of the project
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and did not pay attention to what else they had learned. The lack of specific answers to this

question is also due to the low self-awareness of students aged 8-12.

The answer to question 2B turned out to be slightly better: While preparing the work, |
gained the following skills... All respondents answered this question and their answers were
divided into 5 groups: preparation of presentation in PP (indicated by 5 students), writing essays
(3), manual work (10), searching for information (3), time planning (1). It is noticeable that the
first three of the abovementioned skills were directly related to the technique of performing
work. Only the last two skills (searching for information and time planning) were general skills,

useful in every project.

Answering question 3B: During the preparation of the work, it was difficult for me..., the
students pointed to various aspects of the work, which were grouped into 7 categories: selection
of information (5 answers), acquire materials and arrangement of the work plan (1), time
planning (1), understanding of information (1), technical side of preparation work (6), nothing
(2), no answer (2). Among the given responses, two can be distinguished: material selection
and technical side of the project. The skill of material selection seems particularly useful in

further education.

Questions 4B and 5B concerned the emotions experienced by students during the project.
And so the answers to question 4B: During the preparation of the work, it surprised me..., were
classified into 8 types of answers: how well | dealt with it (4 answers), there are so many places
to get information (1), how many messages can be found on the Internet (1), technical side of
preparation work (1), how much patience must be put into it (2), wrong answer (about the topic
of work) (4), nothing (1), no answer (4). However, as it can be seen, the students did not
experience ‘creative anxiety' during their work on the project.

Answers to question 5A: During the preparation of the work, I was proud of..., were
classified into 6 groups: concrete - broad answer (8 answers), | did the job (5), | gained new
knowledge (1), I invented designe work (1), the time I did the job (1), no answer (2). As results
from the answers, in most cases the students were proud of their work and were able to describe
it clearly (8 people).

The last question (6A) in this series: What else would | like to learn? divided the students:
8 of them listed specific knowledge and skills that they would like to possess, while the other 8
students wrote: "many things can not be listed”. 2 students did not answer this question.

Therefore, it can be stated that for at least 8 respondents, the project became the starting point
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for further scientific research and in the other 8 students it showed how many interesting

problems there are still to be solved.
Discussion of results

The students' answers to question 1A show that only 4 people treated the BA project as an
opportunity to present their previously acquired knowledge. For other students (12) BA-project
was an opportunity to broaden their knowledge (understood here as informations, skills and
attitudes). The results of the research (question 2A) show that the task has been fulfilled - 14
students have expanded their knowledge. Work in the BA project has also become a basis for
students to pose new, scientific questions, both philosophical and very general, as well as
practical or detailed. The correlation between the answers to questions 1A, 2A and 3A allows
the thesis that the BA-project brings the most benefits to students who have ‘average' knowledge

about this subject. Further, detailed studies of this relationship are planned.

During the BA-project, students also acquired 'soft' competences and could expand their
knowledge from other fields than the subject of their project. However, it seems that the young
age of students makes it difficult to explore this area (compare answers to questions 1B and
2B). Also, the technical difficulties with the implementation of the BA project have obscured
the acquisition of other competences (3B). Questions 4B and 5B also seem too difficult for
students of this age. They require self-awareness, which is not so 'young researchers'. Although
the students did not notice the increase in knowledge (see answers to questions 1B-5B), but
their answers to question 6B show that it is not true. Answering the question "What else they
would like to know ..." 8 students give specific, detailed answers. These answers are not related
to their main topic of research. This shows that although pupils do not realize the acquisition of
new knowledge, not related to the subject of the BA project - they have acquired such

knowledge.

Analysis of students' answers to questions - shows how difficult task is to study the
increase in knowledge (understood here as informations, skills and attitudes) in students during
the project implementation. We must take into account the students' initial knowledge and
examine what, apart from the subject of the project, the pupils have learned. In the case of

children aged 8-12, who lack self-awareness, this is a very difficult task.
SUMMARY

The research results discussed above show that the project method (applied in formal education
among 12-14 year old students in Poland) will also prove useful in non-formal education in
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students aged 8-12. This independent work brought tangible benefits regarding the expansion
of both knowledge and skills of the students, however, it mainly concerned students who had
already had some knowledge — but not very extensive. Students having extensive and detailed
knowledge about the chosen topic at the beginning of the project did not broaden it to a
significant degree. Although the students had problems listing what they additionally learned
during the project, it was noticed that 6 students had listed time planning as an important skill
while answering various questions, and 9 students had listed searching for information and its
selection. Therefore, it can be concluded that the project has not only influenced the students'
knowledge, but also increased their soft skills. For the vast majority of students, the project also
became the beginning of further scientific research as new questions arose during the project.
Therefore, it can be concluded that the application of the project method in non-formal
education has fulfilled its role and the WCU students will also prepare their BA theses in the

following years.
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SKILLS OF PRE-SERVICE BIOLOGY TEACHERS TO
SOLVE AN INQUIRY-BASED TASK

PAVLASOVA Lenka, JANSTOVA Vanda, LINDNER Martin

Abstract

Inquiry-based education can increase pupils’ motivation to study biology and improve
their achievements. Its implementation depends on teachers’ ability to solve and teach solving
such tasks. We describe skills of pre-service biology teachers: 1) setting research goals,
questions, hypotheses; 2) reading and reasoning results. The answers were qualitatively
analysed. Formulating a hypothesis was shown to be more difficult than formulating a goal and
a question. Correct formulation did not always lead to correct answer. Pre-service teachers were

better at reading and reasoning the results.

Key words

inquiry - based teaching, inquiry - oriented learning, teacher preparation
INTRODUCTION

Requirement for inclusion of inquiry-based education is based on its potential to increase
pupils’ motivation to study biology and their achievements. It is recommended to start with
guided inquiry which is preferred by the students to open-inquiry labs as they feel they learn
more with guided-inquiry labs as beginners (Chatterjee, Williamson, McCann, & Peck, 2009).
Successful implementation of inquiry-based tasks in teaching is of course dependent on
teachers’ ability to solve and consequently teach solving such tasks. If a teacher does not have
the experience of solving inquiry problems alone it is hard to assume that this skill will be
learned by his or her pupils. If we want to teach students and pupils critical thinking and inquiry,
we have to start with pre-service teachers. Universities preparing future teachers are paying
different attention to the development of this skill. Windschitl (2004) points to the fact that
those who eventually used inquiry during their teaching were those who had significant research
experience. It has been shown that Czech pre-service teachers are mostly not familiar with
research and its processes, as seen from the analysis of their theses (JanStova & Novotny, 2017).
Eick & Reed (2002) note inquiry-oriented teaching might be easier to adopt by a predisposed
teacher. Nevertheless we should prepare all pre-service teachers for inquiry-oriented teaching.

The ability of teachers to apply inquiry in teaching depends to a large extent on their

personal interest to learn this teaching conception. If a teacher believes successful science
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learning was enculturated into scientific practices he/she uses inquiry-based labs extensively to
teach the practices of science (Wallace & Kang, 2004). Teachers can learn more in further
education courses (McDermott, Shaffer & Constantinou, 2000), gain information from
publications with methodical guides for teachers (see e.g. Janstova, Pavlasova, & Cerny, 2014;

Pavlasovd, 2016; Pavlasova & Janstova, 2017) and from the internet (Pavlasova, 2014).

A lot of published research articles deal with the beliefs, perceptions and practices of
inquiry of science teachers (Luft, 2001; Brown & Melear, 2006; Taylor et al., 2008). Less of
them are focused on the level of their readiness to teaching this way (Roth, McGinn, & Bowen,
1998), which is also the topic of our study. Roth et al. (1998) have shown that pre-service
teachers are not using their background in science and argue the same way 8th grade pupils do

rather than scientists.

Teacher can develop pupils’ abilities through inquiry-based tasks in different phases of
inquiry cycle (Pedaste et al., 2015), he/she should be familiar with all of them. In the present
study, we focused on two phases, conceptualization and investigation (according to Pedaste et
al., 2015). Goal of the study was to find out level of skills of pre-service biology teachers at the
end of their studies in two stages of research work: (1) setting research goals, research questions

and hypotheses, (2) reading and reasoning experimental results.
METHODOLOGY

Participants of this research were pre-service biology teachers (n = 26) from the Czech Republic
(two faculties of Charles University educating pre-service teachers; 7 students of Faculty of
Education, referred to as S1 - S7 in this text; 8 students of Faculty of Science, S8 - S15) and
from Germany (Martin Luther University, 11 students, S16 - S26). Students were in the last
year (last semester) of their studies after completing all courses of didactics of biology and
pedagogical practice. The students were studying different combinations of biology and other

subjects or just biology.

Students were given a work sheet with 6 tasks (each task contained two partial questions)
and colour picture of electrophoresis results (see appendix). Assignment of the task was based
on Pavlasova & JanStova (2017). It was written in the students’ native language, in case of
German students in English with German translation. First, students fulfilled tasks 1 — 3 and
after finishing and submitting them they fulfilled the remaining tasks (4 — 6). The time for the

solution was not limited. Tasks 1 — 3 were focused on setting research goals, questions and
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hypotheses; tasks 4 — 6 on reading and reasoning results. All tasks were open-ended, required

the production of a free response by students and had more possible solutions.

For data analysis, a qualitative approach was used. As each task contained two partial
questions, in total 12 answers were evaluated for each student. The evaluating scale had four
variants: correct answer/incorrect answer/missing answer/illegible answer for all questions. At
first, each answer was evaluated individually by two members of research team, the results were
compared and discussed in the case of disagreement. The final decision was made afterwards.
The agreement between the two evaluators was very good, a different evaluation was recorded
in 0.05 % cases. In describing the results, frequencies and relative frequencies supplemented

by examples of students' answers were used.
RESULTS

The students answered all the tasks in approx. 30 minutes, spending most of the time
formulating the research goal, research question and hypothesis. Table 1 shows the success

rates of formulating the research goal, research question and hypothesis (tasks 1 — 3).

Tab. 1 Number of students with at least one correct answer to tasks 1 — 3 (focused on research goal, research
question and hypothesis). Abbreviations: UK/FE Charles University, Faculty of Education; UK/FS Charles
University, Faculty of Science; MLU Martin Luther University; abs. absolute; rel. relative; freq. frequency.
Source: authors

UK/FE UKI/FS MLU Total
University/faculty n=7) (n=8) (n=11) (n = 26)
Parameter analysed Abs. [rel. freq. | Abs.|rel. freq. | Abs.|rel. freq. | Abs.|rel. freq.

(%) (%) (%) (%)

Correct goal 71100 8 | 100 7163,4 22184,6
Correct evaluation of goal 3429 81100 4)36,4 15(57,7
fulfilling ’ ’ '
Correct research question 71100 81100 9|81,8 24192,3
Correct answer to research 2 | 286 8 | 100 2 | 18.2 12 | 46.2
question ’ ’ '
Correct hypothesis 6|85,7 61]75,0 7|63,6 191731
Correct eyaluatipn of' 5|71,4 6]75,0 7163,6 18 69,2
hypothesis confirmation

Some students formulated more (correct) research goals as there were more possible
correct answers (see Methodology). Four students formulated two correct research goals. For
example the goal: ,,Find out molecular weight of milk proteins in different milk types.“, (S3)
was considered correct. Incorrect goal was formulated by four students, e.g.: ,,To reason the
(wide spread) cow milk allergy.” (S5), as such a goal cannot be fulfilled based on the
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electrophoresis. All the stated goals were evaluated correctly, but ten students did not evaluate
the goal they stated. There were students who formulated more than one research questions as
well. Five of them stated two correct research questions, two students stated three, one student
stated four and another one five correct research question. A correct research question was e.g:
,»What is the representation of proteins in different milk types?*, (S20). In total, eleven incorrect
research questions were stated, one student did not answer and one answer could not be
analysed because it was illegible. The mistakes were factual, not formal in the case of research
questions (e.g. ,, What is the most common alergen?* S19; “How many 1-6 years old individuals
are allergic to milk?*, S25). Number of correct answers to research questions was the lowest,
mostly due to respondents from pedagogical faculties (faculties of education). Two respondents
formulated three correct answers, one formulated five correct answers (e.g. ,,There are proteins
with molecular weight 25 a 37 kDa in oat milk.“, S10). Only three answers were wrong (e.g.
,» The proteins with the biggest molecular weight are in soy milk, the ones with the smallest in
rice milk.”, S5). Thirteen students (one half) did not answer, one answers was illegible. Six
students formulated two correct hypotheses, three students three correct hypotheses (e.g. ,,There
are differences in protein content between animal and plant milks.*, S12). Seven hypotheses
were incorrect, one illegible, two students did not state any hypothesis. The incorrect
hypotheses were either formally badly formulated (e.g. as a description of work done, S3; as a
question, S14 and S25) or it was not possible to analyse them based on the experiment presented
(e.g. ,,The more proteins the milk contains, the more allergenic it is*, S19). When the hypothesis
was formulated correctly it was mostly evaluated correctly (table 1). See table 2 for frequencies

of answers to tasks 4-6, reading and reasoning results.

Tab. 2 Number of students with correct answer to tasks 4 — 6 (focused on evaluating and justifying test results).
Abbreviations: UK/FE Charles University, Faculty of Education; UK/FS Charles University, Faculty of Science;
MLU Martin Luther University; abs. absolute; rel. relative; freq. frequency. Source: authors

. . UK/FE UK/FS MLU Total
University/faculty
(n=7) (n=18) (n=11) (n=26)
Parameter Abs. | rel. Abs. | rel. Abs. | rel. Abs. | rel.
freq. (%) freq. (%) freq. (%) freq. (%)
Task 4 — correct solution 71100 81100 8|72,7 23|88,5
Task 4 — correct reasoning 6|85,7 81100 5]45,5 191731
Task 5a — correct solution 71100 7| 88,0 91818 23|88,5
Task 5b — correct solution 71100 81100 9181,8 24192,3
Task 6 — correct solution 71100 81100 91818 24192,3
Task 6 — correct reasoning 6|85,7 81100 8|72,7 22 84,6
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The tasks 4, 5b, 6a, 6b were only answered correctly or not at all (with one illegible
answer). One student reasoned task 4 (recommend a suitable substitution for cow milk for
people with cow milk protein allergy) incorrectly (,,A suitable substitute is soy milk which
contains a big percentage of proteins®, S5). One student solved task 5a (recommend a milk
suitable for high protein content diet) incorrectly (,,Coconut milk — big amount of proteins in

low concentration®, S10). Summary of all results is in graph 1.

Correct goal ______________ _______JEIK

Correct evaluation of goal fulfilling 57,5

Correct research question N 02,3

Correct answer to research guestion 46,2

Correct hypothesis
Correct evaluation of hypothesis I

S 69,1
confirmation

Finding the result . O, 4
78,6

Justification of the result

0 20 40 60 80 100
Rel. freq. %

Graph 1. Summary of total results. Finding the result: means from tasks 4a, 5a, 5b, 6a. Justification of the results:
means from tasks 4b a 6b. Abbreviations : rel. freq. % relative frequency in %.

DISCUSSION AND CONCLUSION

As Roth et al. (1998) pointed out, the pre-service teachers’ reasoning can be closer to pupils’
one rather than to the desired scientific reasoning. We surprisingly found that correct
formulation of a research goal / research question / hypothesis did not always lead to correct
answer. Clearly, not all pre-service teachers understand the connection between formulating a
research question and answering it which is true for setting a research goal as well. Formulating
a hypothesis was more difficult than formulating a research goal and a research question which
is in concordance with our teaching experience. But when a hypothesis was formulated, it was

mostly answered correctly.

This probably shows students do not formulate a hypothesis unless they are sure they do
understand the rules of it. Pre-service teachers were better at reading and reasoning the results.
This is in concordance with Banchi & Bell (2008) showing the (university) courses are more
often aimed at structured and confirmation inquiry which is a good option of inquiry for the
start and is preferred by students (Chatterjee et al., 2009). We also found pre-service biology
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teachers from Faculty of Science were more successful in stating research goals and questions
which is in concordance with the fact they use more statistical methods in their final theses
(Janstovda & Novotny, 2017) and presumably have more research experience which is

recognised as crucial by Windschitl (2004).

Although it is a fact a teacher has to formulate properly in order to teach it to the pupils,
we are not sure how much will the pre-service teacher use what they know about inquiry in
their future teaching. To support the pre-service teachers do use what they have learned about
inquiry, we should show them scientific inquiry is important for learning science (Wallace &
Kang, 2004) and should practice inquiry with all pre-service teachers despite their possible
predispositions recognised by Eick & Reed (2002). The results will be valuable for modification

of courses for pre-service teachers using inquiry.
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Appendix
Milk allergy

Read the text and have a close look at the picture first. Solve the following tasks

afterwards.

Our diet basically consists of sugar, fat and proteins. All these three components are
essential for our body. Proteins are also the most effective allergens. Cow milk allergy is
relatively common. It occurs in 1 to 3 % kids under 1 year of age. When treated appropriately,
the allergy usually disappears in 50 % of patients during the first year of life and in 90 % of
patients before 6 years of age. We can sometimes observe so called cross-reactivity between
milk proteins from different animal species like goat, buffalo, mare or camel. Dividing the
proteins by their shape and size using electrophoresis can help us to imagine protein content
and composition in different milks and plant ,,milk* drinks. The proteins are visualized by a
dye. The size can be determined by comparing the position of the protein with a position of size
standards, proteins with known size. An example of such proteins electrophoresis of different
milks and plant ,,milk* drinks is on picture 1 below. All the samples used for the electrophoresis

have similar volume.
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Picture 1. Samples of different animal and plant milks and a food supplement made of whey proteins. Samples: 1
rice milk, 2 oat milk, 3 almond milk, 4 soy milk, 5 coconut milk, 6 cow milk, 7 goat milk, 8 whey protein mixture.
St (kDa) - molecular weight standards (kDa is an atomic mass unit).

Use the text and picture above to answer the following questions:

1. What is likely to be the aim(s) of the researcher who performed electrophoresis in the

setting described above? Was he/she successful?

2. Formulate research question(s) which the researcher wanted to answer. How did he/she

answer the research question(s), based on the experiment described above?

3. Formulate hypothesis/hypotheses which was the researcher testing. Did he/she confirm

or falsify it/them? Write down the reasons for confirming of falsifying each hypothesis.

4. Based on electrophoresis results, recommend a suitable substitution for cow milk for

people with cow milk protein allergy. Give reasons for your answer.

5. Recommend a milk suitable for a) high protein content diet, b) low protein content diet

to your schoolmate. Assume each sample on the picture has similar volume.

6. Which type of milk is likely to be the least allergenic? Give reasons for your answer.
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UPPER SECONDARY SCHOOL STUDENTS’
MOTIVATION TO PARTICIPATE IN RESEARCH PROJECTS

FABRYOVA Anna, JANSTOVA Vanda

Abstract

It has been shown project based education is one of the possible ways to motivate pupils
toward science. Therefore, we tried to find out what can bring upper secondary school students
to participating in voluntary after school science (biology) projects. Eight upper secondary
school students were interviewed about their motives, feelings and impact of the project on their
future studies. Each participated in a science project no longer than three years ago (with an
exception for pilot study). All students appreciated the participation which changed the image

of science and scientist for them.
Key words

Higher Education, Informal Learning, Motivation, Practical Work in Science, Project

based Learning

INTRODUCTION

In recent time, upper secondary students” interest in science has been decreasing (White Wolf
Consulting, 2009). This trend should be an alert for teachers and teacher educators to change
the approach to motivating students towards science subjects as it is science at school what can
attract pupils to choose scientific careers (Osborne, Simon, & Collins, 2003). Apart from the
teachers and quality of the science subjects at school, the popularised science is another factor
attracting students towards the science career (Christidou, 2006). Janstova & Rusek (2015)
bring an overwiev of possible methods motivating students toward science and mention project
based learning. The suitability of project based learning for different types of students,
including those already intersted in science, is also discussed by Lindner (2014) and Rusek &
Lindner (2017). Based on these findings we interviewed upper secondary students who
participated in an after school science project in Czech Academy of Science, at a university or
in a private research company, to clarify their motives to attend the project, their general idea
about science and scientific jobs and their idea of their future career.
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METHODOLOGY

Because we were searching for motives and feelings of individual respondents with long term
science projects experience we used qualitative approach, semi-structured interviews and open

coding. Names of the respondents were changed.
Respondents of the study

The respondents, upper secondary school students with experience with long term science
(biology) projects, were addressed by their biology teachers or project tutors and asked to
participate in the study. We contacted and instructed the teachers, tutors and organisers to find

the potential participants.

Our request was that the students participated on a science project which lasted at least
few weeks not longer than three years ago (with an exception for a pilote study), was supervised

by a professional and the students themselves participated in finding the project.

Eight respondents replied to our request and became part of this study, Table 1.

Table 1 — Overview of study participants.

Y fter finishi
Respondent | Gender ears after 'mls e Project location Field
the project
A f
Kamil (P) Male 8 cac!emy ° Microbiology
Science
o Academy of . .

& Mal 0 . Microbiol
Cenék (*) ale Science icrobiology
. A f . .
Pankrac (*) | Male 0 cac!emy ° Microbiology

Science
Josefina Female 1 Acad.emy of Botany
Science
. Faculty of Science .
Al Mal 1 . . P tol
o1 ale (Charles University) arasitology
oy Academy of
Libuse Female 3 . Botany
Science
Bofivoj Male 0 Acad.emy of Nanotechnologi
Science es
. . Molecular
Amailie Female 1 Private sector .
biology

P — pilote study, * - participants of group interview (with 2 respondents at the same time)
Interviews and data analysis

Semi-structured interview was used to obtain the data. A set of questions was prepared
(documenting five topics — basic information about project, project participation, interest in
science, science education at school, future career choices), but their order was not fixed. Open
questions were used so the participants could answer them using their own words. Also, new

84



questions and topics could appear during the interview and the respondents were not time
limited. They were interviewed during separate meetings in a calm place (e.g. a café). The
interviews were recorded after signing the informed consent and its’ duration varied from 25 to
80 minutes. Two interviews occured under modified conditions. In the first, two respondents
were interviewed at the same time. In the second, an on-line interview was performed using

social media. Recorded interviews were transcribed and the transcripts were open coded.
In the following text, quotes of the exact transcripts with the author mentioned are used.
RESULTS

Based on the coded text and the code categories, following topics were discussed the most

during the interviews or brought interesting results.
Interest in science

Respondents were interviewed about factors which could initiate their interest in science and
scientific subjects. All of them mentioned some influences from their childhood such as reading

scientific books, watching documents, taking care of plants, etc.
| like plants the most... it has been like that... since I bought my first cactus. (Libuse)
Students’ motives to participate in science projects

Many respondents were brought to choosing scientific project by their need to do ,,something

extra“ for their school work (typically they did a final or seminary thesis).

And we...found out, we could write some, some kind of... final thesis, which could be...

of some reasonable value. (Pankrac)

Many of them wanted to give it some ,,added value* by working on the thesis with field
specialists from outside the school, or intended to apply for a student contest with it (e.g. SPA

— Students’ Professional Activities).

And of course  wanted some... some interesting project, which could be evaluated well...

or I... I could be succesfull with in SPA. (Alois)

For majority of the respondents, it was important to get experienced in the field which
interested them for their intended future study.

1 expected to... mainly to learn something, to get the experience of how science is really
done. So I... I was really happy to... to try the real work of a true scientist I believed to

become in the future. (Alois)
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Teacher’s role

We also focused on how science is presented and taught at school and how much this influnced
students’ interest in it. The results show that many students were influenced positively towards
science by their school teachers, mostly by his/her own interest and excitement about science

or by lessons full of practical learning.

We got a really great physics teacher. He has just graduated and was fully enthusiastic
about his subject, so we did a lot of experiments. And he was always excited to hear
right answers to his questions. That motivated me a lot and | started enjoying physics

because of him. (Bofivoj)

Interestingly, students did not appreciate only teachers’ excitement and lessons full of
fun, but also needed a complex structure of the classes, clear orders and instructions. They even

found it motivating when the teacher was strict, but fair, with natural authority.

It was caused by many factors (that the geography teacher was not popular). She tried
to be very interactive... we worked a lot with the book of maps, she brought us some
extra sheets with tasks... and she definitely knows a lot about her field, but... she was
not really succesfull to create a respect and... the geography lessons were more like a

chaos. (Pankrac) ... Exactly. | mostly regretted that teacher. (Cen¢k)

Students also evaluated well when the teachers supported them in attending students’

competitions (e.g. field olympiad).

In 9" grade my teacher nominated me for this chemical contest and... we were both
surprised when | proceeded (laugh). So she started to give me extra lessons in the

afternoon and... that was a big impuls for me on the science field. (Amalie)

On the other hand, there were also respondents who did not feel supported by their
teachers towards extra activities, or they even critised the way science subjects were taught at

their school generally.

I was really sorry we did not have any... practicals during our biology lessons. We had
maybe... one lesson like that... where we really used microscopes to observe plant

material and other thimgs. (Josefina)
Impact of science project on future study and career

All respondents were asked about impression they got from participating in the project and how
it influenced their opinion about the scientific field. Further question was: Did the project meet
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your expectationts about how science is done and about being a scientist? All the participants
evaluated their project as beneficial because it showed them science with it’s specialised
scientific fields and sometimes even helped to put together various knowledge they got at school

with the advanced information they learned during the project and with the practical science.

When | finally understood what is going on... on the gel... what is actually hapenning

there. That was a... a big moment of... I know why it is done like that! (Libuse)

By experiencing the work of a scientist during the project, some respondents confirmed

their future study choice.

For sure (the science project) made me sure it is worth it. Because... I enjoyed it very
much. ... I feel I will definitely try to get somewhere I want next year (study science at

university). (Amalie)

Experiencing the project and finding out what science really is about, made some of the

respondents change their mind about their future career.

Maybe | would still be willing to do microbiology or some other research, because my
image was different from the reality. Therefore | think the impact (of the project) was

crucial. I decided to do medicine instead. (Pankrac)

DISUSSION

Many factors were shown to have an influnce of students’ interest towards science e.g. watching
scientific documents or reading books about science. Also some long-term hobbies like growing
plants had influence. Most of the students were premotivated as described by Rusek & Lindner
(2017).

Students’ motives to participate in science projects

Participating in the science project outside of school was caused by both internal and
external motivation. Usually, the first impulse was external (e.g. demand to write a thesis), but
that one never occured by itself alone. It was always followed by inner motivation (to have a
valuable thesis, with specialised practical part) as without these inner motives, students could
also write a simple thesis, supervised only by their school teachers. We also understand the
desire of students to experience doing science themselves, to know the conditions of the
scientific field, where they would like to work in future, to know the daily work of a scientist,
whom they would like to become one day as internal motivation. Not only desire for knowledge

or an interest in particular fields or topics motivated the students to an extra study performance.
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Extermal motives are also important as found also by Miserandino (1996). It can also be a desire
to compare themselves with other peers and get some appreciation in form of attending student

contests or professional discussions.

And one of the best benefits was... the performance and presenting itself... with the results
and the thesis itself. I participated in the Summer school of the SPA, where... all of us

were the contestants and... we commented on each other’s thesis, discussing it, etc.

(Alois)
Teacher’s role

We were also interested in teacher’s influence on students’ attitude towards science subjects.
We found this was based on teachers’ abilities to present the facts in class and make the lessons
interesting together with being strict but fair. Similar finding was made already by Witty (1947).
But apparently, students coming from a less motivating school background applied for science
projects as well. Experience of these participants was even more intense, because sometimes

they met practical science for the first time.

I learned how to use lab tools properly. Until then I couldn’t imagine it, based on what

equipment do we have in our school lab. (Josefina)
Impact of science project on future study and career

The scientific project significally influenced the conception of science and how it is really done
as well as what does it mean being a scientist. Before attending the project, the idea of a scientist
was quite stereotypic, an old man with ruffled hair, running excitedly in his lab coat and

performing exciting experiments.

Mmm, I had an image of scientist in my mind... a guy in a coat, with bulb in his hand

and... I think I couldn 't think of him any other way. (Alois)

This kind of image is also mentioned by Archer et al. (2010), for review see Finson
(2002). This idea was modified or completely changed after the practical experience with real
science. A lot of students considered their work interesting, but also quite repetitive. They were
also surprised how much time regular scientist spends by the computer analysing the data or

doing necessary paperwork.

Well... I found out that... being a scientis isn’t just experiments, but... also a lot of other
things to do... grant requests... search for fundings, material. And... somehow the guy in

the lab coat turned into somebody sitting by the computer (laugh.). (Alois)
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Similar findings were observed by Kutakova & Janstova (2015) in attendants of
biological olympiad summer camp. In consequence of this change of idea about how science is
done in real, some participants decided to change their future career for something that will

better meet their needs.

The job is very... very repetitive. I can’t imagine myself doing it, because... it wouldn’t
fulfilled me. I prefer to... communicate with people and... meet new people and solve their

problems. Therefore | think the medicine will be better for me. (Pankréc)
CONCLUSION

We interviewed eight upper secondary school students, who participated in a science project
beyond their school education. We were interested in their attitudes towards scientific subjects,
motivation which led them to participate in the project and the impact the project had on their

image of science and scientists as well as on their future study and career choice.

All participants found their experience beneficial and evaluated the project positively.
Motives to join the project were both internal and external. External one was usually the need
to write a final thesis. The desire of field self-development was the one most ocurred internal
one. Some students were motivated by their own science interests but also supported by their
teachers. On the other hand, participants who did evaluated their teachers or school science
negatively, attended the project too and were maybe even more excited. In general, the project
met students’ expectations, but for many of them, the image of science and the job of a scientist
was modified by this practical experience. The idea of a ,,crazy* scientist making experiments
turned into an image of a person sitting by the computer and doing a lot of monotonous work.
Based on the experience, some students assured themselves about their future study and career
in scientific area, other participants, on contrary, changed their choice. Project have been proved
to be benefitial to students which is in accordance with other studies (Lindner, 2014; Rusek &
Lindner, 2017).
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PROJECT-BASED EDUCATION FROM PRIMARY
TEACHERS’ POINT OF VIEW

CHYTRY Vilastimil, KROUFEK Roman, NOVAKOVA Alena

Abstract

This article deals with the perception of project-based education in primary school (years
1-5) classes in the Czech Republic. Attitudes towards a specific method and knowledge of
applicability are analysed. The presented research tool manifests acceptable level of reliability
a=.76. Age, sex, time period spent as an educator or time period in current school were chosen
as determining variables. One of the most interesting results is correlation of attitudes and
knowledge (r=55), which points to the fact, that knowledge of a specific method in terms of its
suitable use is the determining factor in cases, in which educator has to make decisions, whether
and when to use a specific method or not.

Key words
Attitudes, project-based learning, project based, primary school
INTRODUCTION

Project-based learning (PBL) originates from the idea of intertwining projects and lessons
(Thomas, 2000). Thanks to the inclusion of project work into lessons! PBL originates from
the idea of intertwining projects and lessons (Thomas, 2000). Thanks to the inclusion of project
work into lessons this specific education process then can be described as an adaptation to
specific experience? (Glasersfeld, 1995). Based on such real-life experience students are then
able to better focus on inner educational process, which leads towards gaining more self-esteem
and sense of responsibility (Villeneuve, 2000). ,,According to Kraj¢ik, Blumenfeld, Marx and
Soloway (1994) and Thomas (2000) the effective environment for PBL consists of five
elements: (a) an authentic and engaging driving question, (b) student generated artefacts, ()

student collaborated research, (d) an audience of community, and (e) the use of technology-

! The inclusion of project based learning depends mainly on the teaching style of a particular teacher (e.g.
Bendl, 2004, p. 50).

2 Project based method of teaching is an interdisciplinary method which analyses problems in real life in
natural environment and students are encouraged to create content based on their own decisions (Erdem, 2002;
Schneider et al., 2002). Ri¢an (2012) focuses on the problem analysis in terms of PBL as a problem solving method.
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based cognitive and communication tools” (Cervantes, Hemmer & Kouzekanani, 2015, p. 4).
Many articles concerning project working class are based on the descriptions of lesson
realisation, but there is a significant lack of research in the area of practical impact of such
methods in life (Helle et al., 2006; Rusek, 2017). This particular article describes a research
tool used for teacher attitude and knowledge analysis towards project based education.
Elementary factors are mentioned below, and the main ideas are shifting towards the direction
of the age of respondents and the length of their pedagogical career.

Theoretical background and outcomes of the analysis

There are a few discrepancies in terminology, which were previously pointed out by Kubatova
(2014), who states that project based education is regarded as an education method (Vréna,
1934) or as an organisational of education (Skalkova, 1995; Zilcher, 2013). Sometimes
activities involved in integrated curriculum is mixed up with project based education
(Sindelkova, Malkova & Pluckova, 2015), even though they do not fulfil the elementary criteria
of PBL (Rusek & Dlabola, 2013) and their project-like nature is missing (Rusek& Becker,
2012). Another concept can be found in the work of Harris & Katz (2001), Liu & Hsiao (2002),
Moursund (2001) and others. For this reason, it is necessary to define key elements such as
Barron & Darling-Hammond (2008) did.

To realise a project, one needs more active engagement of students and increased interest
in the subjects thanks to a collaboration process during learning. PBL is then regarded as one
of the most frequently used activation methods for student interaction (Hye-Jung, Cheolil,
2012). Team work through project work has a positive impact on critical thinking, creative
thinking, and sense of responsibility and communication skills (Moursund, 2003). Apart from
that the ability to work in a team is also improving, as well as problem solving skills and
speaking skills (Samacd, Ramirez, & Vasquez, 2013). Project based learning can be seen as
highly universal in relation to individual learning styles, but that does not mean it is fitting for
all students. One of the negative elements of PBL is the fact that in some cases students without
previous experience in project work and thus estimated their social role within a particular
group (Lovasovd, Mainz, 2012). PBL provides students with the opportunity to work
autonomously over periods of time and produce realistic products that may include
presentations to strategic audiences who have interest in the solutions (Thomas, 2000). Students
in the PBL classrooms, which focus on authentic performance, collaboration, and students’
choice of the learning activity, exhibit a higher degree of motivation than do non PBL students
(Blumenfeld et al., 1991). The activities of the PBL are designed to promote a deep level of
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understanding of the content that is meaningful to the learner and high in collaboration
(McGrath, 2004).

METHODOLOGY
Research data description

The study included 87 respondents all of which are university students of 5-year distance study
program from the University of Jan Evangelista Purkyng in Usti nad Labem (Primary School
Teacher Education). Due to the low number of male respondents (n=10) the gender factor was
not taken into consideration for further analysis. The data collection was done via 19-item
questionnaire, in which the first 17 items focus on the knowledge of project work and the last
two attitudes towards it. The testing tool was extended by additional items allowing teacher
stratification based on theory presented by Rogers (2003, p. 282-285) who describes five groups
of innovation adopters: innovators (comparable with PD-teachers), early adopters, early
majority, late majority, laggards (comparable with Tl-teachers). However vast majority of
respondents (86 %) fit the laggard category and thus the differentiation according to this
stratification, for example, as in Rusek, M., Starkova, D., Chytry, V., & Bilek, M. (2017), was

not possible.
Data processing method

Items 1-17 focus on the knowledge of PBL, in which items 1, 7, 12, 15, 17 had to be reorganised
because of their antagonistic formulations. In order to assure the reliability of the scales and
subscales used in this study, standard pedagogical research methods are appropriate for this
particular theme. Due to the fact that respondents answered —level Likert scale test® (Likert,
1932; Chytry, Kroufek, 2017) the Cronbach a coefficient was then calculated (Cronbach, 1951;
McGartland Rubio, 2005) to assure internal consistency (validity) of the tool and can range
between interval values 1 and 0, where the generally accepted values of the coefficient are
between 0,7 a 0,95 (Tavakol, Dennick, 2011). The testing tool reached a=.76 and it is therefore
regarded as a satisfactory result for a testing tool. The gained items and data were then summed
and respondents varied on the scale between numbers 39-72. The results processed reaction

were exported to Microsoft Excel 2010. Then the Statistica software (StatSoft Inc, 2016) was

35 —agree, 4 — rather agree, 3 — neutral opinion, 2 — rather disagree, 1 — disagree, N — do not know
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used for data processing. The Shapiro-Wilks test confirmed that the data did not represent

normal distribution.

The Shapiro-Wilks test confirmed that the data did not represent normal distribution. The
determining variables were selected to be: i) age, ii) time period working in education (A: up
to 3 years, B: 4-10 years, C: 11-20 years, D:21-30 years, E:31 — 40 years) all of which are
described in table 1., iii) time period of last employment, iv) education level (middle school
training of non-pedagogical origin, middle school of pedagogical focus, College/University

degree of nonpedagogical origin, College/University degree of pedagogical origin).
Only factors no. ii and iv were grouped prior to the testing itself.
RESULTS

Interesting finding is that there are only small differences in mean and median values which
suggest that a specific trend is occurring in terms of better knowledge of the subject according
to the time spent in education profession (as shown in Fig. 1). The bales include traditional
statistical markers such as: X — mean, ¥ — median, X — modus, and SD — standard deviation, max

— maximum, min — minimum.

Fig. 1 Knowledge in relation to time in education, source: the author, 2017.

Table 1 Difference of respondents' answers based on time spent in professional teaching practice, source: the
author, 2017.

A B C D E A B Cc D E

55.95 | 59.64 | 60.08 | 66.00 | 59.80 | SD | 8.41 |6.87 |575 |3.41 |8.07

&=

58.50 | 59.50 | 61.00 | 65.50 | 62.00 | max | 69.00 | 71.00 | 68.00 | 72.00 | 69.00

=

60.00 | 54.00 | 61.00 | -=---- | ------ min | 39.00 | 45.00 | 50.00 | 62.00 | 48.00

=)
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The relation between the knowledge of the particular method of project based education
and time spent in education was analysed based on Kruskal-Wallis test H (4, N=87) =9.47,
p=.0504, where the p-level value suggests that there may be differences between data sets, as
shown in picture 1 and table 1. It seems that not only time spent in education as a teacher, but
also age (r=.26 - significant) can be determined according to the knowledge of project based
learning and teaching. Respondents were then divided according to their performance into
several categories: i) low (<31), ii) medium (31-50), iii) good (51-60), iv) excellent (>60).
Based on the Kruskal-Wallis test H (3, N=87) =7.73 p=.0361 some differences were visible
between age groups, as seen in table 2. Post-hoc analysis then showed that the only significant
differences are between the groups of low and excellent performance. It seems that the youngest
respondents had the worst performance and vice versa (as seen in Fig. 2.)

[

A

L]

Fig. 2 Knowledge in relation to age, source: author, 2017.

Table 2 Division of respondents according to their knowledge, source: author, 2017.

Classification Abs. / rel. frequency X X SD
Low 10 (11,63 %) 29,80 | 26,50 | 9,48
Medium 29 (33,72 %) 32,04 | 31,00 | 7,50
Good 25 (29,07 %) 34,68 | 3450 | 857
Excellent 22 (25,58 %) 37,11 | 37,00 | 7,95

Similarly, attitudes towards the project work in class were analysed by the test in items
18 and 19 (see Table 3 and Figure 3). Respondents varied on the scale between values 2-10.
Here again the correlation of age and attitude appeared (r=.27 — significant) and respondents
then had to be divided into three categories: i) low attitude (<6), ii) neutral attitude (7-8), iii)
good attitude (>8). In this case Kruskal-Wallis test H (2, N=87) =3.96 p=.106) did not show
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any statistically significant difference, however based on the graph below we may examine

—
SRR,

Fig. 3 Attitude division of respondents, source: the author, 2017.

some pervasive tendencies.

Table 3 Attitude division of respondents, source: the author, 2017.

Classification Abs. / rel. frequency X med SD
Low 14 (16,28 %) 29,62 | 30,00 | 4,89
Medium 26 (30,23 %) 33,04 | 32,00 | 8,03
Good 46 (53,49 %) 35,51 | 33,00 | 9,13

Furthermore, Table 4 includes an overview of the inductive analysis showing individual

observed and analysed variables.

Table 4 Overview of the observed correlations, source: the author, 2017.

Effect verification - Effect verification -
Variables knowledge attitudes
Ages r =.26 (significant) r =.23 (significant)
Time period spent in professional r =.27 (significant) r =.30 (significant)
Time spent as a teacher in last r =.08 (insignificant) r =.19 (insignificant)
Education p=.41 p=.16

The table shows that it is the knowledge of the method in terms of its suitable use in class
to be determining factor in cases, in which the teacher decides, whether to use the method or
not. The correlation of attitudes and knowledge was moderately strong (r=.55) and the effect

size was statistically significant on the 5 percent base threshold.
CONCLUSION

It is surprising that the main determinant variable affecting respondents’ knowledge of the
project-based learning is the age. Our study suggests that the older the respondent, the better
overview of the method. One of the main reasons for such state is probably higher frequency
of course and seminar attendance which are related to project work education which are
attended mainly by older teachers. Another reason may be higher confidence in own skills

during pedagogical work, where more experienced educators are not afraid to experiment more
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and use alternative approach towards learning and teaching, including methods which were

examined in our study.

The highest reached education has been proven to be irrelevant not only in terms of
knowledge of a particular method, but also in terms of attitudes as well. This is very interesting,
considering respondents included graduates from pedagogical faculties, technical faculties and
many other. Some respondents had reached only high school degree and were currently in the
process of studying a university program for teachers to gain academic title. But not even this
fact discriminated them in any way and these teachers did not gained any statistically

significantly worse results than their higher educated colleagues.

,In order to prepare the learners for the real-world, PBL calls for teachers and
administrators to redesign instruction and assessments by giving students real-world problems
to solve” (Cervantes et al., 2015, p. 15). Our study is in agreement with findings presented by
Krajcik, Marx and Soloway (2002), stating, that educators should be encouraged to use inquiry-
based approaches such as PBS to implement reform in their schools. PBL as an applied method
in everyday class is simply important just by default need for motivation increase (Doppelt,
2003).
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STUDENTS' ABILITY TO APPLY MATHEMATICAL
SKILLS IN CHEMICAL TASKS

IVAN Matus, SULCOVA Renata, TEPLA Milada

Abstract

A complex and interdisciplinary approach in solving problems is a prerequisite for the
development of society. In order to achieve this, it is necessary to develop the generally
applicable knowledge and skills of students since basic education. Science education and
mathematics provide possibilities for development of these competences. In chemistry, many
phenomena and processes cannot be explained simply to the students without the involvement
of mathematical apparatus. Similarly, in mathematics, it is difficult to explain the importance
of theoretical approaches without applying experience from common practice, for example, in
explaining the structure of chemical substances or chemical calculations. Inquiry-based science

education is suitable teaching method for solving the problems mentioned above.
Key words

Chemistry, graphical representation, inquiry-oriented learning, knowledge construction,

models in science
INTRODUCTION

The necessity of using mathematical skills in other areas of science resonates in many
professional articles and monographies of renounced specialists in the field of science and

education.

According to publication of M. Bilek (chemistry and science educator) publication, visual
and graphic literacy, visualization and chemical modelling, measurement, experiments and their
statistical evaluation are the main connections of mathematics and natural sciences (Bilek,
2007). A similar evidence can be found in M. Nodzynska (chemistry and science educator):
“graphical information are nowadays usual part of transmission of facts, we need to consider
the ability of people to comprehend these information” (Nodzynska, 2012).These opinions
support the interdisciplinary connections of mathematics and chemistry — spatial imagination

using planimetry and stereometry.

According to V. Lamanauskas (science educator) “science and mathematics are taught at

school referring to formulas, theorems, blindly following the textbooks, there is a lack of
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problem situations and practical examples. It is necessary to show the students practical use of
mathematics and science; this requires the cooperation among teachers of these subjects”
(Lamanauskas, 2014). The practical use of these skills is best shown in real life problem solving.

Also some of the mathematics educators provided evidence on the matter. J. Be¢var
(mathematics educator) found out that “people believe that they don’t need the mathematics for
their life, although there are many curricular documents accenting the importance of natural
sciences and mathematics” (Bedvai, 2012). Likewise, A. Sarounovad (geometry and
mathematics education) wrote about the perception of objects: “at first, we receive the
information about an object in two dimensions. Only our experience ‘forces us to see’ the spatial
bodies in 3D, which is not obvious. We receive the information via sight, hearing and movement
thus the remembering is more permanent” (Sarounova, 2012). Both of these authors confirm
the importance of specific examples in chemistry for construction of theoretical mathematical
skills.

The evidence from above provide rudiments for our research. Therefore we have defined
goals for our research: to identify the areas of connection and intersection between chemistry
and mathematics and to design, create and verify educational materials that will help the

students increase their skills in interdisciplinary problem-solving.
BACKGROUND OF RESEARCH

Many phenomena in chemistry can only be explained using the mathematical apparatus. It is
also a great problem for mathematics to show the meaning and importance of theoretical
principles. The mathematical principles can be explained better through applying in problem
solving. Our research task was to develop materials to support students’ construction of

concepts in chemistry using mathematics.

First step was to analyse the content of education in chemistry and mathematics to
pinpoint the areas of their connection (The Framework Educational Programmes and the School
Educational Programmes were analysed). To identify these areas we had to perform three
surveys. The first was content analysis of state and school curricular documents of Czech and
Slovak republic, the second were 13 interviews with secondary school teachers of chemistry
and mathematics. The third source was item analysis of extensive testing of skills and

knowledge in chemistry.
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Analysis of curricular documents

The state curricular documents of the Czech Republic “Framework Educational Programmes”
are built up in an interdisciplinary way (complex and interdisciplinary approach to problem
solving, systematic character of nature). Content analysis of the aims of the curricular
documents has proven that the Czech school system provides complex interdisciplinary
education and skills for problem solving. The mathematical skills and conceptions of students
are often naturally engaged in the area of chemistry problem solving. In turn, the objectives of
mathematics can be fulfilled by problem solving in chemistry education (chemical calculations,
functional dependence, spatial structures and their geometry and logical and analytical
thinking). The School educational programmes of 24 grammar schools have also been analysed
in stratified research survey to verify the documentation of interdisciplinary education
principles connecting chemistry and mathematics. All of the school educational programmes
included educational goals that connected the examined fields. In 67 % of cases, the goals set
by the educational programmes in content of chemistry have been focused on algebraic
calculations, in 27 % of goals in analysed documents include spatial imagination and geometry

in chemistry.
Interviews with secondary school teachers

Last year, twelve interviews with secondary school teachers have been conducted. The
interviews were performed once with every teacher during the school year 2016/2017. The
questions were aimed at the specific information about the areas of connection between
mathematics and chemistry that cause the most difficulties among the students, the ability of
students to use the mathematical principles in chemistry and the materials that are available to
the teachers including interdisciplinary tasks. These interviews helped us to refine the students’
difficulties in comprehension of conceptions. The questions offered selected problematic areas
and the possibility of free answers. The analysis of the interviews more precisely specified the
areas we have searched for. Most of the teachers (11 out of 12) agreed that the most problematic
parts for students are chemical calculations, stereometry of chemical structures and functional

dependence of quantities.
Item analysis of extensive testing

Over the last 5 years, we have researched the thought processes and practices of secondary
school students in dealing with chemical tasks that require the use of various mathematical

operations. The detailed item analysis of 1079 students' test solutions collected by T. Cifkova
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during extensive testing in 2013-2015 (Cifkov4, 2015) and the following testing during 2015
and 2016 (162 more tests) provided us with information about specific items in content of
chemistry education that have caused students the most difficulties. However, some of these
difficulties can be caused by the lack of mathematical skills but also the lack of knowledge of

chemical principles.
Results arising from previous analysis

Bringing together the results of the analysis of curricular documents, interviews with secondary
school teachers and the extensive testing (Cifkova, 2015) that was subsequently analysed (the
analysis inquired about the successfulness of students in solving tasks that require the use of
mathematical skills) we have selected the most problematic items (these items were chosen
because each of these tasks was less successful than the success rate of the whole test) that are

summarized in the Table 1.

Table 1. Mathematical skills and their applications in chemistry, source: authors

Mathematical skill Area of application in chemistry

= direct and indirect proportion in general chemistry
calculations, solution compositions
= expressing an unknown from a formula

Application of algebra
and calculations

= arrangement of atoms in molecules and crystals
= modelling and construction of structural particles
= creation of models and formulae

= graphical expression of structural formulae

Spatial imagination
using planimetry and
stereometry

= graphical evaluation of an experiment

= application of logical principles for explanation of structure
and reactivity of chemical compounds

= practical application of physical-chemistry laws for
thermochemistry and chemical kinetics

Analytical logical

thinking and data

interpretation and
evaluation

= gpatial shapes of orbitals, explaining the creation
of chemical bonds

= functional dependence of measured values of physical-
chemistry quantities

Functional analysis

To verify our assumptions about the use of mathematical skills in problem-solving in
chemistry we conducted follow-up testing using a new test. The tasks in this test were created
based on the most problematic items that have been revealed in the previous test (via the
detailed item analysis mentioned earlier) Using the new test with interdisciplinary tasks - in
accordance with the principles of creating the educational tasks (e. g. language form, stimulative

force, substantive content, motivational charge of the task — Ctrnactova, 2009), we have been
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verifying the secondary school students’ and also university students' abilities to apply

mathematical skills and logical considerations to solving chemical problems.

The results of the pilot testing can be summarized in a few conclusions. The success rate
of 142 secondary school students is higher than the success rate of 51 university students (see
Table 2 — results of analysis of test items and comparison between of secondary school and
university students). The main reason for this strange outcome could be the factor of forgetting,
but also insufficient interdisciplinary connection between mathematics and science subjects and
logical applications of knowledge and skills in science into practical problems. The interest and
motivation of the students in the subject of chemistry could also be a next reason for the
difference between the secondary school students and university students (the results of the
students that were about to graduate in chemistry were better than the others). While solving
the tasks demanding comprehensive reading, students made mistakes out of inattention (16 %

of secondary school students and 39 % of university students).

Table 2. Comparison of success rates between secondary school and university students, source: authors

Area A | AreaB |AreaC Area D Area E
Secondary 78 % GC 84% |77% 90 %
school 56 % 48% 126% BC (models) | (allotropes)
University 0 0 0 61 % 78% (70 % 34 %
students |27 [17% 9% gc BC  |(models) |(allotropes)

Explanatory notes:

Area A - Comprehensive reading; Area B - Logical reasoning using mathematical principle of a concept in physical
chemistry; Area C - Data analysis and evaluation; Area D - Interpretation of tabulated data; Area E - Structure of
compounds and spatial imagination; GC = general chemistry, BC = biochemistry

To demonstrate typical examples of interdisciplinary interventions there are two
examples in the following text that could help the students with test tasks of Areas B and C
(first example) or the tasks of Areas A and E (second example).

PROPOSED SOLUTIONS

The research has concluded in two main solutions that could help the students with the
difficulties in using mathematics in chemistry. The first solution is to rearrange the educational
content of subjects in curricular documents. This systematic change is very difficult to enforce.
Students could better apply their skills across different subjects if the school educational
programmes harmonized educational contents of chemistry and mathematics (e.g. solving
equations in mathematics creates the basis for chemical calculations, and vice versa the

chemical calculations can serve as the practice for theoretical mathematical knowledge).
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The second solution of the problems mentioned above is development of educational
tasks for the usage in the exposure phase of teaching. The described tasks should contribute to
the gain of the necessary skills and to their effective application by students.

EDUCATIONAL MATERIALS

Development, creation and verification of accessible interdisciplinary educational materials
accenting connection of mathematics and chemistry and science in general is one of the main
products of our research. The materials were created to fulfil requirements for guided and
possibly open inquiry-based science education (IBSE). Then the students gradually learn basic
principles of project management and IBSE and they can benefit from the skills gained during
these activities in interdisciplinary project-based education (PBE). Inquiry-oriented education
belongs to the methods that make the PBE an extensive and effective approach to engage
science to other disciplines (Rusek, 2017). Below, we shall introduce two tasks from the
developed materials. The first task is focused on functional dependence of quantities and the
second draft is focused on the theory of sets and spatial imagination in mathematics and
chirality and symmetry in chemistry (as is seen in Table 1).

How to derive the dependence of pH on concentration of a solution

Students are asked to figure out the dependence of pH on the concentration of an acid. Their
first task is to plot a graph of dependence of pH on concentration. They measure the values of
pH of solutions of an acid with various concentrations using pH meter or pH indicator. Then
they plot the graph based on the measurement (see Graph 1)

pH

5

0 0,02 0,04 0,06 0,08 0,1
¢(HCl) [mol.dm-3]

Dependence of pH on concentration

Graph 1. Dependence of pH on concentration ¢
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The graph of the dependence is a mathematical curve — logarithmic function. Can we
change some of the values so that the plot will be a simpler function? If we dilute solution
(c=0,1 mol.dm™®) in 1:10 proportion in every step (c, = 10™) we could either use the

exponents (n) or the serial number of the dilution instead of the ‘real” values of concentration.
The new plot will be a line represented by equation y = —x (or y = x); see Graph 2.

6

pH

n - -4 -3 i -1 0

Dependence of pH on exponent n

Graph 2. Graphical representation of dependence of pH on exponent n

Students inquire about the mathematical meaning of the operation — replace a number 10"
with the exponent n. The operation is represented by logarithmic function. The students
naturally understand why there is a logarithmic function in the definition of pH as is shown in
their conclusions (“pH is dependent on concentration”, “pH is negative exponent of

concentration”, “pH is logarithm of concentration of acid”).
The concept of symmetry and chirality

Students are presented with formulae and chemical models of 10 - 15 compounds. They should
inquire about the categorisations of proposed formulae. The compounds can be divided into
sets of chiral and achiral, symmetric and asymmetric which are disjoint (they have an empty
intersection) interpreting the definition. Subsequently the students find out there are some
compounds that are asymmetric and chiral (e. g. valine or glucose), symmetric and achiral (e.
g. pyrrole or acetone). Moreover, a few of the compounds are symmetric and chiral (e. g.

helicene or allene) but asymmetric achiral compounds do not exist.

Students manifested this knowledge graphically the customized Venn’s diagram

themselves (see Figure 1).
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Figure 1. Graphical representation of conceptions: “symmetric” and “chiral”

Students often experience difficulties understanding the meaning of the concepts
symmetry and chirality. To better comprehend the explanation of these phenomena they can

find help in the principles of the mathematical logic and the set theory.

The principles of symmetry and chirality are often used in other areas of life besides
chemistry like architecture, biological structures, aesthetics and art. Students search for their

own examples.
CONCLUSIONS

The literature research provided us with the basic idea of our research — the construction of
students’ conceptions in chemistry using the mathematical apparatus. The analysis of curricular
documents and extensive testing in chemistry had specified the linking areas of chemistry and
mathematics. The specific problematic conceptions and typical errors in solutions were

determined by follow—up testing and interviews.

The sections of research mentioned above concluded in recommendations. The most
feasible proposition is the creation of educational materials. IBSE activities, educational tasks,
worksheets and laboratory inquiries accent and support the interdisciplinary approach to

education and simplify the process of preparation of lessons by the teachers.

Presented educational materials highlight the usefulness of mathematics in problem-

solving in chemistry (e.g. set theory used in chirality and symmetry). Likewise the
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comprehension of mathematical theoretical conceptions can be facilitated by the problem

solving in chemistry (e.g. meaning of logarithmic function in definition of pH).

The interdisciplinary approach to education in schools is a necessary condition for further

complex problem-solving of everyday issues in professional life.
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CHEMICAL ELEMENTS IN THE PUPILS' VIEW

SOCHOROVA Klara, CHROUSTOVA Katefina,
MACHKOVA Veronika

Abstract

The project “Our Periodic Table of Elements” was initiated by the eighth-grade primary
school pupils in April 2017 and it took 6 months. They decided to decorate the Chemistry
classroom with a large periodic table composed of handmade individual elements’ pictures.
The created pictures were subsequently subjected to content analysis. The aim of it was to
determine the relationship between the element and its visual expression from the pupils” point
of view. These relationships were generalized into eight basic categories. We also focused on
the sources of information used as a basis of the visual expression of elements and its

comparison with the content in Chemistry textbooks.

Key words

Chemistry, Project based Learning, Student Choices, Primary school, Graphical

Representations, Content Analysis
INTRODUCTION

The project method is considered to be an alternative to traditional frontal teaching and it is
based on principles of constructivism, egocentrism, and cooperative learning (Rusek
& Dlabola, 2013). In the school environment the project is set in several phases: Initiation,
Planning, Realisation, Results/Evaluation (Bilek, Machkové, & Chroustova, 2016). Each of the
phases has its significance and specificity. During the project execution the intrinsic motivation
of the pupils plays an important role; it affects not only successful closure of the project but
also a quality of output including development of pupil’s personality. Abundance of intrinsic
motivation to execute the project is closely connected to those who proposes the project.
The general ideal is that when the pupils themselves initiate the project, it makes them interested
in finishing the project. Open and friendly environment in the school is also beneficial (Bilek
& Machkova, 2015). In the forthcoming text we are going to deal with realization and analysis

of pupils’ spontaneous project called “Our Periodic Table of Elements”.

Chemical elements, their properties and periodic trends create the foundation stone of

Chemistry education (Franco-Mariscal, Oliva-Martinez, & Gil, 2016). Periodic table published
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in the textbook The Principles of Chemistry can be perceived as a result of a big project of
D. I. Mendeleev in 19" century whose goal was to arrange the elements into a system that would
help students remember their properties better (Weinstein, 2016). Pupils often come across
the periodic table sooner than they learn about its relevance and periodic trends, for example in
Chemistry textbook or in the form of board in Chemistry classroom (Hanzalova, Chroustova,
2014). Regarding the importance of this table for Chemistry and Chemistry education it is
necessary to convey the knowledge of periodic trends including placement of elements in

the periodic table, which can be a difficult task for pupils of elementary schools.

In an attempt to make this curriculum more attractive for pupils and help them understand
it better many activities and variations of the periodic table have been created, for example
an illustrated periodic table, photographic periodic tables, interactive periodic table with videos
of experiments, but also popularizing or educational videos (i.e. The NEW Periodic Table
Song). We can also come across different activities in Chemistry lessons, being it games or
active learning methods (i.e. Franco-Mariscal, Oliva-Martinez, Blanco-Lépez, & Espafa-
Ramos, 2016; Larson, Long, & Briggs, 2012; N from the Learning Ark, 2016, October 31;
Woelk, 2015). More inspiration can be found on websites where teachers share their
experiences from teaching. We often come across educational projects where pupils create their
own periodic table, i.e. Periodic Table Project (Miklius, 2012), Class Project: Let's Build
a Periodic Table! (CrazyScienceLady, [2015]).

PUPILS" PROJECT CHARACTERISTICS

At the beginning of the project “Our Periodic Table of Elements” was a wish of some pupils in
the eighth grade to make an unsightly wall in the classroom nicer. The winner among
the suggestions for topical decoration of the classroom was an idea to create cards for individual
Chemical elements which will be hung on the wall in the classical arrangement of the periodical
table. The initiative spread among pupils from other classes that visited the Chemistry
classroom. Finally, pupils’ representatives from all eighth and ninth grades of FZS Palachova,
Brandys nad Labem, participated in creating the periodic table. Detailed characteristic of this
project come out of typology of projects according to J. Kratochvilova (2006, s. 48) can be

found in Table 1 below.
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Table 1: Characteristics of the project “Our Periodic Table of Elements”

Viewpoint of typology | Type of project | Additional information

of projects according to

Kratochvilova

Proposer of the project | pupils/spontaneo | initiative came from the pupils

us

Purpose of the project | constructive the project focused on creative work of
the pupils

Sources of information | free the pupils acquired information on their own

for the project and were not restricted by any rules

Length of the project very long the pupils created individual cards during 14
weeks — this project will still have follow up

Environment for combination of | the pupils created individual cards at home,

the project school and home | consultation and assembling of the periodic

project table (presentation of the product) took place

at school

Number collective during the project there was interclass and

of participators inter-year cooperation of the pupils,

on the project three eighth year classes and three ninth year
classes were participating in total

Method of organization | one subject individual steps were consulted only in

of the project Chemistry lessons

To achieve the united look, the pupils decided on the following basic points for creating
individual cards: a) size of the card (21 x 21 cm)
b) presence of element symbol
c) colour differentiation of characteristic groups

d) graphical representation of anything, that will characterize given element.

The pupils could find inspiration for the visualization of the elements in Chemistry
lessons, in textbooks, accessible literature and on the Internet. Anything that characterized
the element in the view of the pupils could have been visually represented — its looks, its
discoverer, or a language connection with the name of the element. Each individual graphical

depiction was consulted with the pupils after they handed it in to avoid a wrong interpretation.

The pupils created cards illustrating 100 chemical elements in total during 14 weeks
(minus summer holidays) of the realization process. The cards were compiled into a big table

in the Chemistry classes of the elementary school in September 2017 and all involved groups
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had a chance to comment and evaluate the finished product. The finished table became practical
requisite for Chemistry lessons and also incited interest of younger pupils who are planning
another project.

The pupils were not bound by strict rules during the creation of the element cards; they
could have used any association on how to visually create the element, therefore many different
interpretations of individual elements appeared in the finished periodic table. Next, graphical
representation of the elements underwent the content analysis to identify a connection between

the element and the graphical representation.
CONTENT ANALYSIS OF PUPILS” VIEW OF CHEMICAL ELEMENTS
Methodology

Content analysis can represent not only a research tool, procedure, technique, method but also
a methodological approach or way, a conceptual framework and a theoretical perspective
(Dvotakova, 2010). The subject of the content analysis is the content of the communication,
which can be transmitted as a text or an image, which are subsequently examined with respect
to several selected characters whose occurrence is captured (Dvotakova, 2010). In our
conception this is a content analysis in a narrower conception according to Dvotakova (2010),
so called a conceptual analysis that serves to quantify the presence of a particular character and

serves to compare phenomena.

This is single-level analysis with individual concepts or more precisely coding categories
derived directly and inductively from the data obtained (Elo & Kyngés, 2008). In the case of
inductive content analysis, open coding including notes and headings is used first, followed by

creation of the categories and abstraction (Elo & Kyngés, 2008).

Within the content analysis we have also focused on whether new periodic table includes
new and useful information for the pupils. At first, we identified whether the information for
individual graphic representations could be found in the lessons or in the textbook used in
Chemistry lessons (Skoda & Doulik, 2006, 2007). We also compared the timeline with the date
of making the card and the time of teaching the elements during the chemistry classes, i.e.

whether they were discussed in more detail or not.

The size of the sample analyzed consisted of 100 cards with 123 shown phenomena.
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RESULTS

On the basis of the open coding the graphical representation was divided into nine categories
(see Table 2), where each percentile of an individual category is presented in the diagram in

Figure 1. The basis is not a number of element cards but the sum of visual occurrences (N = 123,

in some cards there was more occurrences).

Table 2: Characteristics of the categories

Category

Illustrated phenomenon

Use of the element

products for which the element or its compound is or was
used; important element effect; a symbol for the area of use
of the element

Language similarity

the similarity of the name or the symbol of the element with
the name or abbreviation of a product; with the name
of some place, city or state; with the name of an animal,
plant, fairy-tale, mythological or game character etc.

Appearance of the element

a piece of a specific element

Properties of the element

in addition to the appearance of the element, it is possible
to determine other of its properties; symbol of radioactivity

Presence of the element

where the element is find; where the element is mined

Historical figure

discoverer of the element; depicted personality after which
the element was named

Inner structure
of the element

atomic models of individual elements; crystal structure
of individual elements

Compound of the element

the appearance of the compound of the element

Others

phenomena not belonging to another category, e.g. year

The most of graphical representations were focused on the use of the element
(i.e. iridium — syringe), language similarity (i.e. francium — Eiffel tower, French flag) and
appearance of the element (i.e. bismuth — a piece of bismuth). Fewer pupils chose to use
properties of the element for graphical representation (i.e. sodium — cutting with knife),
presence of the element (i.e. potassium — banana), inner structure of the element (i.e. bohrium
— atomic model of bohrium), historical figure (i.e. radium — Marie Curie Sktodowska) or
a compound of the element (i.e. boron — borax). The category Others included the year 2016

for nihonium — the year the name and the symbol were approved.
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Figure 1 Graphical representation in the categories of content analysis

The analysis showed that 63% of graphic representations were not based on information
that pupils could draw from Chemistry lessons therefore they had to use additional sources.
The pupils could not have drawn even 79% of the representations from the textbook (Skoda
& Doulik, 2006, 2007). Considering that a substantial part of new information was created by
cards focusing on language similarity, which does not convey new important Chemistry
information to the lesson; these cards were not included in the analysis. The results showed that
compared to Chemistry lessons the cards included new useful information concerning about
37 elements, compared to the textbook (Skoda & Doulik, 2006, 2007) the information included

even about 50 elements.

The comparison of time axis according to the date of making the card provided us with
highly interesting information regarding the division of the elements according to whether they
were discussed during the Chemistry lessons or not. As apparent from the diagram in Figure 2,
pupils did not pick only elements that they knew from the Chemistry lessons, but they often
focused on elements they did not know. The first card was surprisingly dedicated to krypton
and its green radiance in ionized form. In the second week wolfram was submitted, which was
depicted by an arrowhead and a ring. On the other hand, in the thirteenth week the cards about

magnesium and oxygen were submitted.
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CONCLUSION

This work described pupils’ project that started spontaneously, and its goal was to make the
environment in the Chemistry classroom nicer using a large periodic table that was created by
hand-made cards with graphical depictions of Chemical elements. During the project the basic
team of the pupils expanded and included younger pupils, which corresponds with theory of
project teaching that emphasizes importance of pupils’ initiative and open friendly environment

in the school.

Product of the pupils’ project was a graphical depiction of most of the chemical elements
hung on the wall in the shape of the periodic table that underwent content analysis with a goal
to identify a connection between an element and the depicted phenomenon. A usual connection
between an element and its depiction was (1) a practical application of the element and
(2) alanguage similarity between name of an element and depicted phenomenon. Both
possibilities were covered approximately in one fourth of the cases. We perceive an option
(1) from the concept acquiring a point of view as more important and beneficial, moreover,
there is an apparent need of pupils to connect Chemical elements to the practical life. We
perceive an option (2) as less beneficial since the only use is mnemonic and helps remembering
the name of the element better and some of the depictions had only language similarity without

any Chemical context.

The analysis has also revealed that preference of an element that pupils chose to adapt
was not dependent on whether the element is generally known (i.e. oxygen, nitrogen, carbon)
or if the pupils already learned about the element in Chemistry lessons. This can be explained
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by the fact that the pupils were drawn towards less known elements for the reasons of certain
unknown territory which they were trying to explore, or that all the chemical elements are equal
for the pupils that only started their Chemistry education therefore whether public experts see
the elements as more or less known, had no influence on what element the pupils chose. While
searching for information concerning graphical interpretation of Chemical elements, the pupils
primary used different sources than information from the lessons and from the textbook; thanks
to that in one third of the cases while creating the chemical element cards they used information

that is not usually conveyed during Chemistry lessons or in the textbooks.

In the conclusion we can draw is that spontaneous interest of a few pupils to solve
an aesthetic problem in the Chemistry classroom that was well handled and directed by
the teacher led to a rise of interest among pupils from different classes, to the creation of
functional lesson requisite and to the discovery of information about chemical elements that are
not usually included in Chemistry lessons. The greatest contribution of the project is that it
provided the pupils with enough opportunities to develop their key competencies, that is
the learning competencies during the searching and usage of information, the social and
personal competencies during the project cooperation and the development of positive working
environment, the working competencies during creation of their own product, and finally
the communication competencies and the problem-solving competencies during the defence of
their element adaptation and critical evaluation of their own work and also work of their

classmates.
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INQUIRY EDUCATION IN BOTANY — A WAY TO COPE
WITH PLANT BLINDNESS?

RYPLOVA Renata

Abstract

Humans ignorance of the plants in our surroundings, called as ,,plant blindness* is a
serious environmental problem of human society. As one of the reasons of plant blindness the
low attractiveness of botany learning at school is considered. This contribution brings the results
of the survey testing the impact of inquiry education on the attractiveness of botany education
at Czech schools. The results indicate, that inquiry approach, especially in combination with
outdoor education and supported by the use of modern technology can attract the students to

botany.

Key words

Inquiry-oriented learning, environment, biology, outdoor education
INTRODUCTION
What is it plant blindness?

The phenomenon of “Plant blindness” was named already by Wandersee and Schussler (1999),
but persist like important environmental problem of human society several decades until the
recent time (Uno, 2009). Plant blindness characterizes the human’s inability to see or notice
plants around us and the ignorance of the role of plants in our environment. Considering the
circumstances of global climate changes and the crucial environmental role of plants for the

future of humans being, this seems to be alarming.

The reasons for the low interest of people in plants can be discovered already at the school
level. As follows from the international research, plants are for the students less attractive than
animals (Balas & Momsen, 2014, p.439), to learn botany is boring and difficult. (Prokop et al.,
2007, p.37)

Plant blindness can lead to plant illiteracy (Uno, 2009, p.1753). Ignorance of the plants,
especially of the plant physiological processes influencing significantly our environment, can
lead to the wrong interference into vegetation or even incorrect landscape management causing
serious problems for the people, as for instance increase of drought in recent time (Huryna &
Pokorny, 2016)
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Hence, it seems to be a challenge for the botany educators to attract the students to botany

education.

Inquiry based science education (IBSE) is internationally known as didactic approach
attracting the students to the study of the nature (European Commission, 2007).Therefore there
are presumptions, that the use of inquiry approach in teaching botany could enhance the
attractiveness of the plants for our young generation. From this reason we have conducted a
survey testing the suitability of IBSE to enhance students’ interest in plants and their role in
human’s environment. The goal of this survey was to find answers on two research questions:
1. Can IBSE enhance the attractiveness of plants for the students? 2. How to make inquiry based

botany education more attractive for students?
METHODOLOGY
Inquiry units used in the survey

For the investigation of an impact of inquiry approach on students’ attitudes to plants three
different inquiry units related to the three different topics of plant physiology were used and
applied at Czech basic and secondary schools:

1. ,,Why do spices smell? “ Inquiry laboratory unit according to the rules of guided inquiry
education, focussed on secondary plants products, applied at three Czech secondary

schools, 2" grade students.

2. ,Interview with a tree* Inquiry unit focussed on environmental role of trees, supported
by interactive white board and including hands on activities aimed to volatile organic

compounds applied at three Czech basic schools, 7" grade student.

3. ,,Why is a shadow under a tree cooler than a shadow under an umbrella?* Inquiry
outdoor unit focussed on plant water metabolism, using modern measuring devices
during inquiry experiments, applied at three Czech secondary schools, 2" grade

students.
The duration of each unit was 90 minutes. The frame of all three inquiry units was the same:
1. Motivation followed by inquiry question
2. Constructing of the hypothesis under the guidance of the teacher
3. Experimental ( hands-on) activity to prove the hypothesis

4. Formulating and presenting conclusions by students
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5. Discussion on the results with the peers and teacher
6. Final overview made by teacher
Design of the didactic survey

During the research, a pre-test/post-test experimental design was used. Each inquiry unit was
tested at three randomly chosen schools without any previous experience in inquiry education
in the Czech Republic, in a total 426 respondents at the age of 13 — 16 years took a part in this
survey. The students of each school were randomly divided into two groups. The students of
focus group were taught by inquiry approach, students of control group were taught the same
topic by regular teacher centred frontal approach. Both teaching units took 90 minutes. Each
inquiry unit was taught by the same teacher at all three schools. All the students underwent a

pre-test before the teaching and post-test 1 — 2 weeks after the absolved education.

To get the information about student attitudes to plants, a short questionnaire was used.
The main part of the questionnaire consisting of three questions was the same in pre- as well as

post-test:
1. Do you prefer plants or animals?
2. How attractive is for you to learn about plants? (Likert-type scale question, grade 1=
boring, grade 5= amazing) ( “Attractiveness of botany education™)

3. How much are, according to your opinion, the plants important for human
environment? (Likert-type scale question, grade 1= unimportant, grade 5= very  important)

(“Importance of plants)

In the pre-test, additionally, a fourth question was asked to obtain information about

students’ knowledge of plants environmental role:
4. Name exactly, how plants are useful for human environment: (open type question)

This question was not asked in a post-test, but instead of that, the students of focus group
were asked to answer following two questions, to discover the attractiveness of applied

education:
a) Do you find this lesson interesting for you?

b) What do you like best of all during this lesson? (Just one possible answer)
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The obtained data were analysed by using STATISTICA 12 PC Package (StatSoft Inc.).
The analysis of the Likert- type scale questions was done according to the recommendation of
previous studies (Chytry & Kroufek, 2017, Norman, 2010). For the comparison of the results
Kruskal — Wallis ANOVA ( Attractiveness of botany education and Importance of plants were
considered as dependent variables, type of education (IBSE or teacher centred education) as

grouping variables) and median test were used.
RESULTS AND DISCUSSION

According to the results of pre-tests, 88 % of the respondents prefer animals to plants. This
finding is in agreement with some foreign studies (Balas & Momsen, 2014, Patrick &

Tunnicliffe, 2011).

For the students of focus as well as control group, botany education was less attractive
(Median = 2, Fig.1). The importance of plants for our environment in pre-test was considered
as less to average important (Median = 2 and 3, Fig.2). No significant differences were
discovered among the both tested groups in pre-.test for attractiveness as well as importance of
plants according to the Kruskal — Wallis test, (p = 0.05). In post-test significant differences

among the tested groups were discovered (p < 0.01).
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As follows from the results of the post-test, teacher centred education did not influenced
much the attractiveness of plants for students. Despite of the changes in the frequency of
individual rating the median value remained unchanged, (see Fig. 1). On the other hand, for the
respondents who absolved inquiry education, the attractiveness of plants increased from median

value 2 to 4 and about 15 % of respondents considered plants even as “amazing” (grade 5).

The new knowledge obtained by any kind of education, inquiry as well as teacher
centred, influenced positively students’ consideration about the plants’ importance, ( Fig.2), but
the reached score ( median = 4) was significantly higher in the case of inquiry taught students
according to the Kruskal — Wallis test (p < 0.01). The majority of inquiry taught students
assessed the importance of plants by the grade 4 or 5, but for the conventionally taught students

remained the plants after the absolved education just “middle important” (grade 3).

According to the analysis of the answers to the question 4 in the pre-test we can assume,
that 13 -16 years students are not very well informed about the important functions of plants in
our environment, because just three function of plants were named: The majority of the students
considered plants as significant in our environment because of their production of oxygen (91%
of the students). 31% named importance of plants as the source of food. Just one respondent

named the importance of the tree for the removal of dust from the air. 2% of the answers were
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without any respond. No other function of the plats was named. Nobody from the students
named any of the significant roles of plants in our atmosphere — neither assimilation of CO>
from the atmosphere via photosynthesis, nor removal of atmospheric pollutants. Nobody knew
for instance about the role of plants in water cycle in the landscape or cooling ability of the
plants for surrounding air, etc. This is highly alarming, because these functions of plants are
essential for the mitigation of the effects of atmospheric global changes, like for instance
increasing dryness on the Earth. From this reason, scientists around the world pay a big attention
to plant physiological processes related to our atmosphere. Unfortunately, there seems to be a
big discrepancy between the real significant role of vegetation in humans’ environment and the
students’ perceptions of this role. Hence, it is a big task for the educators for the future, to

increase students’ knowledge in this field.

Based on the analysis of the post-test, we can assume, that inquiry education impacted
positively students’ attitudes to plants. After the absolved education, the attractiveness of plants
for the students increase significantly in focus group. Students of both group assessed the plants
more important for our environment after the absolved education, but the increase of plants
importance for the students was significantly higher in case of focus group (Fig.2). On the other
hand, despite of the increased attention to plants, the preferences between plants and animals
remained unchanged among 13 — 16 years old Czech students after the inquiry education. As
showed the analysis of post-test, 88% of the respondents prefer animals before plants similarly

as detected during the pre-test analysis.

In general, we can say, that students who took part in any kind of inquiry education
included in this survey worked enthusiastic during the lesson. For 92 % of the respondents was
the inquiry education interesting. As follows from the analysis of the post-test, there were more
reasons for the increased attractiveness of the botany learning, than simply inquiry approach
alone. Among the answers of the respondents four different. Based on the answers of the
students, four main factors enhancing the attractiveness of learning for the students were
defined: 1. working with technology (interactive whiteboard, measuring devices during outdoor
education), 2. working outside, 3. making experiments, 4. possibility to discuss the results with
the peers (see Tabl). The students, who attended a laboratory inquiry unit considered making
experiments as the most exciting factor during the education. The majority of the students, who
had a possibility to work with interactive whiteboard (IWB) during the inquiry lesson,
considered as the most exciting the possibility to work with IWB, the possibility to make

experiments was placed as the second. Similarly, the students, who took part in inquiry outdoor
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unit were excited first of all by the possibility to work with measuring technology. The second
most attracting factor for these students was the possibility to work outside. Making
experiments and discussing with the peers was analysed as the third resp. fourth one. Hence,
besides inquiry, the students were also enthusiastic about the possibility to work with
technology, and to learn outside. This finding correlate with previous results, documenting the
positive effects of outdoor education on students’ motivation, interest and attitude towards
science education (Lindner, 2014) and positive impact of the use of technology on the
implementation of inquiry education (Ryplova & Cekal, 2016; Ryplova & Rehakova, 2011).
Therefore such activities could be recommended to attract the young generation to botany
learning, which combine inquiry learning supported by technology with outdoor education.
This is possible among others in project based education. The use of inquiry during project
based education was already recommended by several contributions of this conference in

previous years (Bilek & Machkov4, 2014).

Tab. 1 Factors of the attractiveness of learning as assessed by students taking part in different types of inquiry
units. The values mean amount of students (in %) considering each factor as the most interesting during absolved
education.

. Inquiry unit in Inquiry outdoorunit +
Attracting factors Inquiry unit+ IWB

laboratory technology
Working with 0% 53 % 49 %
technology
Working outside 0% 0% 34 %
Making experiments 52 % 36 % 15%
Discussing the results 8 % 7% 1%
with the peers
No answer/_ | do not 36 % 4 % 1%
know/ Nothing

CONCLUSSION:

Based on the results of this survey we can conclude, that inquiry approach enhance
attractiveness of the plants for the students and improve understanding of the significance of
plants in our environment. To improve the attractiveness of botany learning to students and by
this way, to cope with plant blindness of young generation, inquiry approach in combination
with outdoor education and use of modern technical devices is recommended. The survey

discovered a big lack of knowledge of 13 — 16 years old Czech students in the field of
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physiological role of plants in our environment. In this direction further research is

recommended.
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PUPIL'S PAPER — THE PUPIL’S PROJECT
AND THE TEACHER'S ROLE IN ITS PREPARATION

JELINKOVA Jana, RAJSIGLOVA Jifina

Abstract

The contribution deals with an issue of pupils” papers in biology lessons. The pupil’s
paper plays an important role in education. Considering its specific framework and selection of
the topics at least partly related to the common teaching themes, the pupil’s paper has the power
to awake and keep up an interest of pupils in active participation in teaching process. The role
of the teacher is also significant. The teacher has to provide information about how to prepare
content and form of the pupil’s paper. This is connected with possibilities and evaluation

methods of prepared pupil’s paper.
Key words

pupil’s paper, pupil’s project, questionnaire survey, primary school pupils, lower

secondary school pupils
INTRODUCTION

In the concept of the pupil’s paper, pupils need to be self-reliant and engaged in taking an active
role in their learning. The teacher performs the role of a guide. According to our assumption,
significance of the teacher is essential for pupils at preparing their papers. The teacher should
influence favourably the pupil by providing suitable motivation and explanation of sense of the
pupil’s paper but also by his support during the pupil's paper preparation and by proper
evaluation. The elaborated paper should be original, with personal approach and the pupil’s

own contribution. The teacher should lead the pupil to the creation of the high-quality paper.

In agreement with the authors mentioned below, benefits of the pupil’s paper for pupil's

learning follow. Pupils learn:

= how to gather the pieces of information from available resources, how to compare them
with each other, how to evaluate their validity and classify them (Adamkova et al.,
2015);

= working with text as a basic assumption of reading literacy (Paleckova et al., 2010);

= how to project their experience and opinions which underlie the unique approach and

originality of created pupil’s paper (Maniak, Svec, 2003);
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= py self-education: they look up and process the information by themselves (Pecina,
Zormanova, 2009);

= developing of speaking and presentation skills (Kratochvilova, 2011).

The above mentioned benefits for pupil’s learning are in accordance with current trends
in education that include active participation of the pupil in teaching process, delegation
of responsibility for teaching to the pupil. The teacher has a role of a guide, advisor or couch.
When the pupil chooses his or her own theme, their relation to given issue is encouraged and
awaken. Another advantage is that pupils use the same way of speaking, the same language, the
same expressions, colloquial expressions, as their peers; the pupil’s paper corresponds to the
principle of peer-based program when children learn from each other. In this connection we can
find subsequent reasons of why to teach pupils how to prepare a good pupil’s paper: the pupil’s
paper or PowerPoint presentation are the most often outcomes of project based education.
Therefore it should be continuously developed the skill of pupil’s paper preparation. The
principles and theses of project based education, reflecting also the components of working on
the pupil’s paper, could be found in various publications, e. g. by Blumendelf, P. C., et al.
(1991); Chin & Chia, 2004; Kolkova, 2012; Rusek, Dlabola, 2013, and others. The appropriate
publications present factors and principles which are considered to be a basic assumption for
project based education. They are also in compliance with principles of project based education
when pupils currently use the skills gained from working on the pupil’s paper. Hand in hand
this background it is important to state that all ways of the educational process must
be consistently reflected and evaluated. Rajsiglova (2017) states the importance of the
reflection and the evaluation as the partial and key skills of the teacher’s teaching and pupil’s

learning.

Unequivocally, the pupil’s paper can be regarded as fulfilling preparation for many forms
and methods of teaching and learning in classes, e.g. group learning, project based learning,
problem-solving tasks, peer-learning, cooperation in groups, individual assessments, and the
pupil’s paper can be considered as an individual real pupil’s project (Rajsiglova, 2017).

On the other hand, the surveys and existing research literature on the subject presented in
the article contain notices and information of a general characters connected with pupil”s paper.
The literature highlight and point to the problems e.g. of the origin and the authenticity of
pupil’s paper, using of a sole source or the pupil’s paper as an internet order (e.g. Pavlasova,
2013).
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Last pointed idea is relevant and represents the critical points of pupil’s paper;
nevertheless the literature does not offer sufficient information and directions for teachers how

to eliminate and to avoid the critical points mentioned above.
AIMS AND METHODS

The main aims of the paper are: 1. to determine when primary and secondary school pupils have
met a method called pupil's paper for the first time during a school attendance; 2. what activities
occupies much of the time for pupils to prepare the pupil's paper; 3. what is the teacher's role

during preparation of the pupil's paper.

The results of this paper were obtained from a questionnaire survey carried out
in the spring of 2016. The questionnaire was assigned by the one of the authors or author's
colleague; in view of the fact the return of distributed questionnaires was 100%. The number
of respondents was 221, represented by primary school pupils and lower secondary school

pupils from three non-Prague schools.

The survey was carried out during biology lessons with regard to authors' teaching
qualification and pupils were asked on a general questions represented by following battery
points: in which grade have they personally come across the pupil’s paper for the first time -
whether as its author or as a learner; what activities occupies much of their time at preparing
pupil’s paper; if they obtained from teachers the criteria for evaluation of pupil’s paper
(propriety of content, time limit, speaking without notes or the possibility of reading the text,
eye contact with the audience, etc.); who explained them (or if teachers to clarify it) the content
of pupil’s paper (specific topic and how to keep it going, accuracy and depth of information,
length of the paper — minimum amount of A4 text pages, pictorial material, personal
experience); if they obtained an explanation of how to prepare for the pupil’s paper (e.g. use of
at least 3 information sources, logical arrangement, interestingness of the information, time
schedule — a preparation outline) or if they obtained an explanation how to present your pupil's
paper (understandability, pace, vocabulary, extemporaneous speech, notes only as an auxiliary
source of the information, ability to answer the questions, eye contact, relaxed pose).

The survey results were analysed and then evaluated using column charts and pie charts.
RESULTS

The crucial three conclusions of the presented survey in relation to the objectives set out in the

article are: firstly, pupils are familiar with the pupil's paper during primary school — they often
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begin with their pupil’s paper in the fourth grade of primary school (37 %) and at the latest in
the sixth grade of primary school (14 %). Only two percent of surveyed pupils have not come
across the pupil’s paper yet during their education (Graph 1).

M 3rd grade
M 4th grade
m 5th grade
6th grade
M not yet or 7th-9th grade

Graph 1: The first encounter of the pupils paper during school attendance, source: Jana Jelinkova, Jifina
Rajsiglova

Secondly, pupils who have already had work experience with preparation of pupil's paper
are concentrated on the pupil's paper content, especially for searching of information.
Consequently it can be stated this pupils pay little attention to the processed form, they pay
almost equal attention to prepare the activity of oral presentation or graphic design as it is shown
in Graph 2.

Finally, graph 3 demonstrates the role and help of the teacher at specification of the
pupil’s paper. Almost a third of the respondents (32 %) obtained no information about content
of the pupil's paper, which means range and depth of information, length of the paper —
minimum amount of A4 text pages, pictorial material, figures or personal experience.
Half of the respondents (51 %) did not hear the teacher's information about how to prepare
the pupil's paper, especially considering the sources and literature. Nearly half of the

respondents (48 %) obtained no information about how to present their pupil's paper.
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searching of oral presentation  graphic design something else
information

Graph 2: The activities which occupies much of pupil's time at preparing pupil's paper, source: Jana Jelinkova,
Jitina Rajsiglova

70%
60% -
50% -
M teacher
40% -
30% -
m someone else (parents,
20% - friend, sibling, another
person or nobody)
10% -
0% -
content of  preparation of presentation of
pupil’s paper  pupil’s paper  pupil’s paper

Graph 3: The influence of the teacher on explanation of content, preparation and presentation of the pupil’s
paper to the pupil, source: Jana Jelinkova, Jifina Rajsiglova

DISCUSSION
The teacher is the person who introduces for the first time the pupil's paper into lessons.

As Graph 1 shows, pupils very often come across the pupil's paper in primary school. Only 2%

of the respondents have no experience with the pupil’s paper.

In connection with the Graphs 2 and 3 it can be noted that pupils have not fully-fledged
information and requirement how to prepare the pupil's paper in its whole complete form.

Pavlasova (2013) appeals teachers to require their pupils they to use the various information
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resources more extensively, afterwards teachers should control the resources. Last but not least

Pavlasova (2013) recommends pupils to compare information and formulate own opinions.

The teacher usually proposes the topics of pupils’ papers in relation to the concrete subject
discussed in school but the pupil can also suggest an interesting and original theme. The pupil's
paper belongs to the tasks elaborated by pupils themselves. The teacher's explicit specification
IS a necessary condition for successful execution and completion (Kotrba, Lacina, 2015) — and
here we take notice of some reserves that can be work on in school practice. It is the task of the
teacher to provide accurate information so that the pupil knows in advance the demands,
purpose and meaning of the pupil's paper, and to recapitulate generally valid instructions for
preparing the quality paper. Besides, the pupil should learn from the teacher: is the purpose of
the pupil's paper to inform about given topic or to convince about the issue or to analyse given

theme.

Generally stated, the pupil’s paper is a well-structured summary of the information
on a given topic for a given type of listeners. According to the results of our survey and also in
agreement with the definition by Adamkova et al. (2015), Paleckova et al. (2010) or Pecina,
Zormanova (2009) we can highlight the necessity of giving attention to how pupils could find,
organized and present the information in each field of education, since the requirements and
criteria of individual teachers could vary and the pupil should obtain complex information about
preparing of the good-quality pupil’s paper whenever s/he is going to elaborate it.

Following questions arising from our survey should be asked by us as teachers whenever
we submit pupils' papers to our pupils: What exactly do we demand of pupils when we set the

task to them? How can we check the compliance? Why do we actually assign the pupils' papers?
CONCLUSIONS

This contribution introduces the issue of the pupil's paper. The initial impulse for the research
came from biology lessons. Our survey was carried out in biology lessons with regard to
authors' teaching qualification, however we assume that the results of presented quantitative
pedagogical research are of general application as the pupil’s paper is used within the teaching
process not only in various science subjects but also in art or music classes or electives, and

criteria for its preparing and presentation are valid across all educational disciplines.

Based on the results of presented survey we are of the opinion that the role of the teacher
is irreplaceable during pupil’s planning and preparation of their pupil's paper. The teacher has

to provide comprehensive information about how to prepare content and form of the pupil's
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paper and also how pupils should present the prepared information to their schoolmates. This
also includes the theme of evaluation; teacher should inform his / her pupils what the criteria of

a good pupil’s paper are.

Just mentioned is a prerequisite for achieving pupils' success in preparation
and presentation of a high-quality pupil's paper. Pupil's paper presents pupil's project and all
learnt experience during work on its preparation could be used in various methods and forms,

e.g. project based learning or group learning, nowadays well established in the school classes.
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QUALITATIVE RESEARCH ON THE ATTITUDES OF
HIGH SCHOOL STUDENTS TO THE WHOLE SCHOOL
PROJECTS

CHLEBOUNOVA Irena

Abstract

The aim of this research was to find out the reasons of the attitudes of the high school
students to the whole-school projects. The three groups, which co-operated on the same sub-
theme, answered three questionnaires and the supplementary questions. One group underwent
a recorded interview. The methodology was in accordance with the grounded theory. In total,
58 students from the first to seventh grade were included. It turned out that their interest depends
on experiences with similar projects, the motivation of teachers, and the feeling that the project

is meaningful.

Key words

Project based learning, motivation, practical work in science
INTRODUCTION

According to the research conducted by Pouchové (2010) in 2009 and covering 180 Czech and
71 Slovak schools, “one fifth of Czech and Slovak teachers admitted that they struggle with
students lacking interest in the project-based education.” Only 7 % Czech and 17 % Slovak
teachers considered projects popular among teen-aged students.

To see students enjoying their work, satisfied with its outputs, and keen to participate in
future projects, the teacher has to bear the responsibility for the entire project and, directly or
indirectly, control its development. The teacher becomes the source of motivation, mentor,
supervisor, and coordinator, a person always ready to answer students’ questions and provide

help (Sulcova, Piskova, 2008).

The aim of this qualitative research was twofold: (a) to find out, with the help of grounded
theory (Strauss, Corbin, 1999), the attitudes of teen-aged students to whole-school projects; (b)
to propose (on the basis of the output of (a)) improvements in the design of future whole-school
projects. The grounded theory was chosen because it can describe the dynamics of processes.
"It shows how changes in conditions influencing negotiation or interaction lead to altered
responses of acting persons." (Svafi¢ek et al., 2007, p. 86). It is probably also the most
elaborated design of qualitative research which could be combined with quantitative methods.
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(Svaficek et al., 2007). To reveal the evolution of students’ attitude towards whole-school
projects, the research revolved around the basic question: How is the experience of students
with previous projects related to the expectations in the current or future projects?

METHODOLOGY
School and project characteristics

The data were collected at an eight-year high school in the center of Prague during the Pila
project in January 2017 (Pila 2017). The author taught the second year of chemistry and
biology, she was a class teacher of the second grade students, and, in the Pila project, the leading
teacher of the topic Air. The Pila project comprised eight topics: Purity, Safety, Light, Noise,
Air, Concentration, Nutrition, Movement.

The whole-school Pila project was based on the proposals of the representatives of all the
classes, who regularly meet at the pupils' council. They were elected representatives of students'
opinions. The aim of the project was to increase students’ competence in problem solving
through carrying out a survey of the eight above mentioned problematic areas of the school, to
propose changes to the school that would be based on the results of the student research, and to
defend the proposed changes before an official jury composed of members of the school council

and other selected representatives.

Students worked in thirty groups, each of about 16 pupils from all grades. They learned
competence in problem solving, one of the pillars of this Catholic school's educational program.
Each topic was dealt with by three to four independent groups. After a week's work, each group
produced their presentation of the results they had reached. Students of groups working on the
same topic then met, together created the final presentation, and then defended it during the
second week.

Sample of students and analyzed documents

Four different sources of information expressing the views of high school students were
analyzed. The first source was a questionnaire filled out by the team members. The
questionnaire combined both opinion questions with responses rated in a four-point Likert
(1932) scale (1 = Strongly Agree, 2 = Agree, 3 = Disagree, 4 = Strongly Disagree) and open
questions. The students were asked whether and why they were satisfied with the outcome of

their work, whether they understood the job assignment, how intensively they cooperated with
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the teachers, what support they needed for their team, and how they would better organize their

work the next time.

The second source was a semi-structured interview with a group of twelve pupils of
different age. They were given the opportunity to comment on what seemed most important to
them. They talked about previous projects, about what they consider a good project, what
bothered them in the projects that they considered bad, and they also talked about their opinions

on teaching science.

The third source was a questionnaire with open questions for three groups working on the
topic Air with the assistance of another teacher. The questions asked how the members of the
different teams evaluated the meaningfulness of the whole-school project as well as the sub-
topic, why they chose the topic, and whether they see the benefits or weaknesses of project-

based learning. A total of 31 students of all grades answered these open questions.

The fourth source was a questionnaire combining again open as well as opinion questions
(Likert four-point scale) and applied in the second grade class. In it, students had to express
what they had learned through the project lessons, what project activities they would like to
include into the curriculum and what they would like to do in a next project. A total of 27 pupils
responded to the questionnaire. These students were divided into different groups and topics
during the project. This class was chosen because these students experienced only the last two
high school projects, so their opinions were not influenced by the older projects. (J. A. K. 2016,
Strom 2015, Zivé rozvinout tradici 2014)

Analysis according to grounded theory

An open coding was used, so a code was to assigned to each statement (e.g. R51H1 The idea to
try to improve the school environment seems interesting to me; R512H4 | therefore personally
consider project training to be very inefficient in terms of time requirements) and such

statements have been include into one category (a more general term).

E.g., the category "Theme" comprised: R51D5 The topic is good,R51D22 The teacher is more
important than the topic, R51D6 14 days is too much, the work can be done in one day
R51D4, The topic is too difficult for me, R51D9 | will choose another topic next time.

By means of the axial coding, the relationships between the categories were searched

for and, consequently, a paradigmatic model was created (the diagram in Figure 1).
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Information at the beginning of the project

Unclear Delayed

Competence collision

|¢

Collision of supervisor and pupil coordinator competencies Insufficient coordination of teamwork

Ineffective procedure

A part of the presentation of one group was not deliberately The feeling of the pupilsthat their previous workinthe groupwas
included into the joint presentation of three groups useless

A 4

Disappointment (= Dissatisfaction with the project)

Fig. 1 Explaining the relationship between a phenomenon (collision of competencies), causal conditions
(information from school management), context (collision), intervening conditions (ineffective procedure in
working with teams), strategies of negotiation (omitted information) to the consequences of this behavior from
group work and from the project), source author

RESULTS
In the selective coding phase, the "satisfaction with the project” as the central category was

identified and linked to all the other categories. In the diagram in Figure 2, for the sake of

clarity, subcategories are not listed.
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Fig. 2 Relationship of the central category (red) and other categories (green marked were mentioned by all
groups of students, blue only by some). Source author
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A difference between older and younger students showed up. The seventh grade students
(17 years old, the longest experience with the whole-school projects) expressed their skepticism
about the possibility of changes in school environment based on their suggestions. They also
complained that the search in literature had been too difficult for the younger students in the
group and that they (seniors) had had to help them substantially. Senior students emphasized
the importance of (a) the attractiveness of topics, (b) smooth cooperation with the supervising
teacher, (c) the efficient use of time that includes both comprehensible guidelines provided by
the school management and clear research priorities formulated by the project participants.

They wanted more influence on the organization of the project.

The conclusion is that the attitude of students to the projects develops depending on their
experience with project-based learning. This view is based on the questionnaires and on a

number of informal conversations with both, students and teachers.

The youngest students considered important that, through the project, they learned
something new about health, safety, or their school. They also appreciated other forms of
teaching, the skills they acquired, and the outputs they obtained through the project. They wish
to make a student film during the next project. It was clear from the responses that, regardless
of the age, the students are aware of the benefits of the projects, although some students do not

enjoy their participation in the projects.
DISCUSSION

What is the main thing that connects the last four whole-school projects at the observed school?
The students were excluded from the preparation of these projects and this decision of school
headmaster lead to their poor motivation during all project activities. Students recognized
meaningfulness of some activities, but they did not go along with the idea of the projects. So
we can see that breaking of one project rule can decrease the students’ satisfaction with the

entire project.

"In project-based teaching, the pupil's inner motivation is the most important condition
of success. Therefore, projects initiated by children themselves are often more successful.”
(Novéakova, 2010, p. 18) In this statement, | find the key problem of the student attitudes to the
Pila project. Even though the project ideas came from the students, the organization was run by
the school management, so the students did not identify themselves with the problems they had

originally wanted to solve. In the interview, the students expressed their astonishment about
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why they should support their proposals for the improvements of the school by scientific

research, if a poll among classmates and teachers would be enough.

(See R51D34 Most of the changes that should be made here first know and secondly, there is
no need to subdue them with scientific work ... And if we do not mind it, it just has to change
and it does not matter if someone did or did not do a scientific work!) There was also the
inconsistency between teachers. Many of them considered it as a waste of time, which was also
passed on to students. The motivation not only of students but also of their teachers was

underestimated.

According to Vitkova (2011, p. 65), the most frequently mentioned project constraints
are time consuming and difficulties in evaluating, while the motivation is, among other things,
the pupils' knowledge in situations other than in regular lessons. In an interview with students,
the idea was repeated that fourteen days are too long to stop traditional teaching and to devote
one project. This was the reason why some called project-based learning as ineffective. (See,
for example, R514D2 There is a problem that the project takes a lot of time.) On the other hand,
one girl from the second grade was excited by the idea to change her role with teachers so that
these two groups could understand each other better. (See R517D3 That teachers would know

what it is and the students would find out what it is for those teachers.)

"A good project should primarily attract and excite pupils, differing from the regular
style of learning, teaching pupils to work together and being responsible for their work and for
the whole group, showing pupils continuity ... allowing pupils to gain new experiences that
cannot be taught in any subject, pupils should experience new situations and seek solutions.
"(Balharova, 2010, pp. 1-2) According to this definition, Pila's project underestimated the initial
motivation of students. The oldest students stayed at home and the others felt intellectually
weakened. In the case of seventh grade students, this led to their decision not to participate in

the project next year.

"As an appropriate motivation to raise the interest of pupils in solving the project, it has
been possible to present their results on a whole-school scale ..." (Sulcova, Piskova, 2008, p.
15). Presenting their work and its results to various listeners was a prerequisite for successful
finalization of the Pila project. Students themselves appreciated the quality presentations that
arose in their team or which they saw to advocate other students. On the contrary, some rated
the project with a worse mark because they were not satisfied with the quality of the
presentation of their team and most often because they did not identify themselves with the
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quality of the resulting presentation, which was made up of three groups of one theme together.
That is why | think to make one of the three presentations one day during the one day
cooperation was demotivational and damaged the quality of the outcomes of the whole-school
project. | also prefer our team presentation than the result that the representatives of our three

groups advocated before the school council.

Svecova recommends that the funds to cover the cost of solving the project are sought
by the school through a grant. (Svecovd, 2012, p. 45) A large part of the students'
disappointments are related to the fact that there is no money to implement their suggestions,
and they feel that the research in the project was meaningless when their proposals after the end

of the project will nobody accept.
CONCLUSION

The conclusion is that the attitude of students to the projects develops depending on
their experience with project-based learning. This view is based on the questionnaires and on a

number of informal conversations | had had with students.

The category “Satisfaction with the project” reflects the feeling of students that they
have solved an important problem, preferably with the help of practical measurement and field
research. In the beginning, they got clear information, they could choose a topic that they are
interested in and the group they will be working on. As a result, teamwork worked well,
effectively utilizing time, even though students enjoyed schooling more relaxed than in regular
classroom lessons. Students have established new relationships between classes. Through the
teamwork, they were able to show their self-reliance. They have learned something new, created

a product they are proud of, or they have succeeded in pushing for a change.

What should be the main focus of organizers of the whole-school project? First, get an
interest in the project among teachers. Second, do not start work on the project until the students
get involved. Always take their ideas seriously. Third, let creative students take initiative and
responsibility. Fourth, properly and publicly appreciate students’ presentations and other

achievements. Try to show them how to get money for a good proposal and how to get it done.
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PROJECT BASED LEARNING AND OTHER METHODS
AND FORMS USED BY PRAGUE TEACHERS SUPERVISING
PEDAGOGICAL TRAINING IN SCIENCE LESSONS

RAJSIGLOVA Jifina

Abstract

This paper presents a questionnaire survey - a study into the use of methods and
organizational forms in common practice of secondary school teachers, with particular regard
to the author’s certification in chemistry and biology. The survey was carried out twice,

the second one after eight years after the first one.

Within the survey, respondents were asked to indicate if they implement particular
methods and forms into the teaching process. The questionnaire is focused on following
methods and forms: project based learning, group learning, excursion (field trip), creative
writing, mind maps, peer learning, role playing, brainstorming, exposition (interpretation),

lecture, laboratory practice, demonstration experiment.
Key words

Project based learning (PBL), methods of teaching, organizational forms, science

teaching, questionnaire survey
INTRODUCTION

In the 21% century, new requirements are posed on graduates of different types of schools,
because the ability to find a job during their lives depends not only on whether a person receives
appropriate skills but especially on whether they have a sufficiently wide general and
professional base of education and the key competencies that are necessary for work and enable
easier retraining (Kolkova, 2012).

According to The Framework Educational Programme (2007, p. 10), the key
competencies represent “the system of knowledge, skills, abilities, attitudes and values that are
important for the individual’s personal development, his or her active participation in society
and future success in life”. Within The Framework Education Programme for Secondary
General Education (Grammar Schools) (2007), a pupil should acquire learning competencies,
problem-solving competencies, communication competencies, social and personal

competencies, civil competencies and entrepreneurial competencies. Within The Framework
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Education Programme for Elementary Education (2007), entrepreneurial competencies

are replaced by working competencies.

The requirements of RVP ZV (2007) and RVP G (2007) promote the diversity of the
approaches to teaching and learning range from a general requirement to use alternative
methods, to further concrete measures to promote their development, validation and acceptance
in school practise. The change of the teaching style in schools should also contribute to and
support the development of the competencies because the competencies are based on activities,
not only on knowledge.

To teach the pupils how to communicate, solve problems, to confirm the ability of pupils
to learn, to teach them how to acquire and seek information that can be used further in practice
- these are the objectives proposed nowadays by many educators (Kolkova, 2012; Rajsiglova,
2017).

For the above reasons and considerations as well as natural continuations of previous
work of the author (Kolkova, 2012), research into what different methods and forms are used
in school practice, the main goals of the article are:

1. To introduce the most often used methods and forms by Prague teachers supervising
pedagogical training in the science lessons;

2. A comparison of two questionnaire surveys carried out eight years apart: How have
after the eight years changed implementation of teaching methods and forms in science lessons
of Prague teachers supervising pedagogical training.

Prague teachers with particular regard to certification of biology were asked in the

questionnaire research.
THEORETICAL BACKGROUND

Schools have numerous responsibilities which include but are not limited to teaching the
students’ observation, sorting of information, critical thinking, communication, presentation of
outcomes and problem-solving skills. Science, properly taught, can help schools fulfil these
responsibilities because students can apply the knowledge and skills learned within their school
subjects to solve practical and also theoretical problems in their science classes
(Balasubramanian & Wilson, 2007).

Actual view on teacher’s role in educational process

As a result of curricular reform since the end of the 2000s, it might seem that during the last
two decades the role of teachers in Czech schools has changed. However, in spite of all efforts
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to change the view of a teacher’s main role in educational process in the Czech Republic, the
general view still remains that the main purpose of a teacher is to be in the centre of the whole
educational process. This can be witnessed especially at secondary schools (rather than primary
schools) where the word teacher corresponds with the one who transfers the knowledge, the
authority who presents the facts to remember and to write down. The teacher is predominantly
in the centre of school lessons and decides what, when a how the pupils will learn (compare
Kolkov4, 2012; Malkova, 2010).

With the educational processes evolving and with more importance being given
to active and hands-on approach in students’ roles in their various educations the role
of a teacher also needs the transform. A teacher needs to become a mentor offering guidance, a
promoter, a manager, facilitator and corrector in one. Teachers should guide pupils to be more
responsible for their own learning, let them to learn by peer-learning, by cooperation in groups
or by individual assessments. Teachers should try to bring new methods and forms into classes
and also introduce (more) creative atmosphere to their lessons. The system changes step-by-
step, the exchange of scenarios of lessons, established manners and ways in practice and the
new roles of participants of education are slowly accepted. Nevertheless, ever greater
percentage of teachers understands and emphasises their role as a guide, advisor, facilitator or
middleman in the educational process (compare e.g. Grant, 2002; Kolkov4, 2012; Rajsiglova,
2017; Veenman et al., 2003).

In connection with this new role of a teacher as a supporter and a guide, a special term
frequently appears in English literature - scaffolding teaching. An example of scaffolding
teaching would be the encouragement of pupils to ask questions, to formulate own hypothesis,
to draw evidence-based conclusions, to cooperate and to discuss with each other.
The participants would debate and play active role in moderating their debate with the option
to ask their teacher or peer for help if needed. Working sheets and good working conditions and
environment among others should be provided by the teacher, as well as any other support that
would bridge any gaps in pupils’ skills and knowledge and make their tasks achievable
(compare e.g. Bell, 2010; Grant, 2002).

This should result in students being the main active element in their own education, with
the teacher leaving the learning activity mostly on the pupils and providing an adequate support
where and when needed. The new role of a teacher implements not only the ways of teaching,
but it also includes relationship aspect as the teacher should create an affiliation to their pupils
and also to themselves. A teacher’s role on this level would naturally change during the shift
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from classical, frontal (represented by teacher’s distance from pupils) to teacher as a guide (with

the use of various methods and forms of teaching).
Activating of pupils

As mentioned above, one of the most noticeable changes in nowadays educational system is the
shift (or at least partial shift) in responsibility and hands-on approach from teacher to pupils
during a lesson. Yet another one is the aspiration to move from frontal teaching to other forms,
such as teaching-learning collaboration and pupils’ cooperation in lessons. Only active pupils’
participation in the educational process enables proper effective learning. According to the
constructive teaching school of thoughts, keeping pupils’ attention active during lessons will

enable genuine educational progress (Krajcik & Blumenfeld, 2005).

The need to teach pupils to settle the tasks associated with solving problems (so called
problem-solving tasks), act and think autonomously and also evaluate their own learning
is reflected in implementation of problem tasks into education. Problem tasks inspire both
teachers and pupils to seek improvement and take ownership of their learning processes.
The essential character of problem-solving tasks can be traced in a whole range of methods, so-
called activating methods, pupils’ centred methods, utilised, inter alia, also as a part of group
learning or project based learning (compare Chin & Chia, 2004; Grant, 2002; Krajcik &
Blumenfeld, 2005).

This paper compares activating pupils’ centred methods and traditional methods and

forms introduced in following chapter.
SURVEY’S DESCRIPTION
Methodology - methods and forms watched in the paper

The survey carried out twice, the first one took place on the spring 2009, (N=51 of those
questioned), the second one on the spring 2017 (N=44 of those questioned), and respondents
were asked to assess if they implement particular methods and forms into the teaching during
the school year; teachers tick off yes or no under each method or form. In the case of ticked
yes, they estimated the use of particular method or form during the school year. The data

received in the framework of this article are evaluated in relations with yes or no answers.

The relevant questionnaires were sent in envelopes by students during pedagogical
practice training. In order to ensure the anonymity of the teachers we do not ask teachers’

names. Both researches were concentrated on teachers supervising pedagogical training
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in science lesson, especially in biology; because of anonymity the forms cannot be associated
in pairs in two researches and it is not possible to decide which forms are single in the case

of the previous or new supervising teacher.

The following methods and forms presented in the article are: project based learning,
group learning, excursion, exposition, lecture, creative writing, mind maps, peer learning, role

playing, laboratory practice, demonstration experiment.

If the methods and organizational forms are divided into two groups in accordance
with Kolkova (2012), the first group presents traditional methods and forms - exposition,
with the meaning of an interpretation, laboratory practice, demonstration experiment, lecture,
and excursion, the second groups presents activating methods and forms (to be interpreted
as meaning of contemporary, modern used methods and forms with pupils in the centre
of learning) - group learning, creative writing, mind maps, peer learning, role playing

and project based learning.
Graphical processing of the results

The results of comparison of both surveys in the first group ranked methods and forms used by

teachers are available in the graph 1.
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Graph 2: The comparison of using traditional methods and forms, source: Jifina Rajsiglova
The results of comparison of both surveys in the second group ranked methods and forms

used by teachers are available in the graph 2.
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Graph 2: The comparison of using activating methods and forms, source: Jifina Rajsiglova
Comment of the results

Not surprisingly, results of both surveys indicate that all of teachers used most often
the traditional methods and forms defined in the first group, especially the exposition,
the laboratory practice, and the excursion it is in 100% of cases. As a complement to this,

the group learning is also used in all the teachers’ lessons.

With regard to the laboratory practice, the form where pupils work in group of two
or three, there is no doubt teachers integrate group work into the classes. In relation
to the detected fact would be interesting to examine the effect of cooperation during the group
work and learning and to distinguish between differences of just group work and desirable

group cooperating learning that implies cooperative ways of working.

The comparison of the presented researches shows that have increased the using of the
activating methods in last eight years. Teachers from the second research integrate project based
learning, brainstorming and mind mapping into their lessons more often compared with the first
research. Creative writing, peer learning and role play have less intensive effects of using in

school practise.
DISCUSSION

Most of the knowledge acquired through lecturing is forgotten rapidly. The use of modern
educational approaches to promote lifelong learning becomes necessary. Teachers have
currently sufficient freedom and liberty of choosing educational methods and forms to be used

to attain its objectives in the lessons (Kolkova, 2012).
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One of the most significant current discussions in education is how to incorporate
different methods and forms, not only traditional, into the teaching, with a view
to understanding the variety of factors leading to benefits for both teacher’s teaching and pupil’s
learning (Kolkov4, 2012; Krajcik & Blumenfeld, 2005; Veenman et al., 2003).

To identify the causes of lower representation of activating methods and forms and their
potential consequences for pupil’s learning we can consult the different experts’ publications.
In accordance with them, e.g. Grant, 2002; Chin & Chia, 2004; Kolkova, 2012; Rajsiglova,
2017, author of the paper agree that using of alternative activating methods and forms is more
demanding in initial preparation of the lessons, needs a better understanding of the relationships
between pupils and teacher and a better understanding of the every single method and form and

SO on.

In spite of higher extent of using of methods and forms traditionally used in the science
lessons, after eight year since the first survey, the increased number of the activating methods
and forms can be observed. Nevertheless author of the paper is aware of limits of presented
research. The one of limit is possible subjective teachers’ perceptions of inspected methods and
forms in the questionnaire. We could avoid the subjective teachers’ perceptions in case of to be
as a participant of the lessons and study teacher’s teaching and also pupils’ learning to examine

real spectrum of methods and forms used by teachers.

In view of the above it could be possible identifications of lower representation

of activating methods and forms in nowadays school science lessons.

Finally, it can be stated that the potential future research may be extended to other
methods and forms, e.g. inquiry-based learning, problem-based learning or causal link between

group learning and cooperative learning in groups.
CONCLUSION

Since the beginning of the 21" century the one of the key issues in education has been how to
support pupils learning and develop the key competencies. The way could be using of a wide
spectrum of appropriate methods and forms in the classes. Therefore the paper reports the
results of the researches focus on the methods and forms used by Prague teachers supervising
pedagogical training in science lessons, especially biology lessons. The results of the survey
highlighted the fact that the teachers currently supervising pedagogical training from the rank
of activating pupils’ centred methods and forms integrate into the science biology lessons
particularly project based learning, brainstorming and mind mapping more often than
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the teachers eight years ago. Educational methods and organizational forms are essential part
of didactics process of teaching, therefore methods and forms should be reassess in the context

of today’s educational requirements.
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VYUZITI VRSTEVNICKEHO VYUCOVANI PRI REALIZACI
ENVIRONMENTALNE ZAMERENEHO PROJEKTU

The use of peer teaching in the implementation of an environmentally-focused project

PAVLATOVA Véra

Abstract

The paper introduces the design, implementation and evaluation of the environmental
program for pupils of primary school, which was created by the method of project teaching
using the use of peer education. It was designed and created by pupils aged 8-17 for their
classmates. Pupils gained information on sorting and waste prevention, recycling,
vermicomposting, palm oil cultivation, or ocean acidification by other forms and methods than
they used to. The project was implemented for 120 pupils aged between 7 and 12 years, using

the questionnaire as the evaluation tool.

Key words

Environment, Peer Learning, Teaching
UvoD

Principem vrstevnického vyucovani (peer education) je pfirozené ztotoznéni jedince s n€kym,
kdo mu je blizky vékem, zajmy, socidlnim zazemim ¢i Zivotnim ptibéhem; kdo mé schopnost

ho v jeho nazorech a postojich ovliviiovat.

Vyhodou této formy vzdélavani ve Skole je to, Ze spolu Zaci mluvi ,,stejnym jazykem®,
efektivné a srozumitelné si u¢ivo predavaji. Proto ¢asto pochopi latku rychleji a Zak, ktery ma
za ukol ji naucit ostatni nebo jim pfedat svou zkuSenost, se s ni samoziejmé seznami naprosto
perfektné (Codlova, 2016). Dité se vzdy snadnéji uc¢i od jedinci s obdobnou asociacni

strukturou, jako ma samo (Skoda, Doulik, 2011, s. 13).

V CR se stejné jako v zahraniéi vyuziva vrstevnického vzdélavani v peer programech
k prevenci socialné patologickych jevi, at’ to jsou programy s tematikou navykovych latek
(Nespor, 2003; Ayaz, Acil, 2015), ¢i sexualniho zZivota a pohlavné ptenosnych chorob (Rydlo,
1995; Maas, Otte, 2009; Harold, 2011; Al-Iryani, 2013). V zahrani¢i se vyuziva s pozitivnim
efektem vrstevnického vzdélavani i v oblasti environmentalni vychovy a udrzitelného rozvoje

(Arnold a kol. 2009; Carrico, Riemer, 2011; de Vreede a kol., 2014).
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Na pozitivnim efektu vrstevnického vzdélavani funguje i1 vize mezinarodniho programu
,,Ekoskola®, kdy je na skolach vytvoren Ekotym slozeny z zakd, ucitelt i dalSich zaméstnancii
Skoly, ktery naplituje metodiku "7 krokti EkoSkoly* (Schneiderové a kol., 2012) a zam¢tuje se
zejména na lokalni problémy udrzitelného rozvoje, svou ¢innosti ovliviluje ostatni vrstevniky,
snizuje ekologicky dopad skoly a svého jednani na zivotni prostiedi, zlepsuje prostredi ve Skole
1 jejim okoli. Metodiku tohoto programu Ize ve skolach velmi efektivné vyuzit pfi napliiovani

vystuptl environmentalni vychovy (NUV, 2017).

Popisovany projekt pro své spoluzaky navrhlo, vytvoftilo a realizovalo 18 zakt ve véku 8
— 17 let, kteti jsou aktivné zapojeni do programu Ekoskola, jsou zvykli pracovat skupinové i
projektove, diskutovat, badat, prezentovat vysledky své prace, komunikovat s vedenim skoly i
s mestskou samospravou. Zpocatku se zéci ucastnili projektd umélych, ¢i kombinovanych;
kratkodobych, postupné jiz realizuji projekty spontdnni; stfednédobé ¢i dlouhodobé
(Kratochvilova, 2009, s. 48; Coufalova, 2010, s. 10-11; Jezberova, 2011, s. 8), ve kterych
pouzivaji i vrstevnické vyucovani.
POPIS A METODIKA PROJEKTU

Zaky Ekotymu velmi zaujal film ,,Zelena poust* (Galik, 2012), diskutovali nad nim, starsi
vysvétlovali mladSim nékteré nejasnosti. Poté Zdky napadlo, Ze by mohli takto pohovoftit o
globalnich problémech i s ostatnimi. Nejprve se Zaci zamysleli nad koncentra¢ni ideou projektu
(Kratochvilova, 2009, s. 43; Jezberova, 2011, s. 6), jako je napt. téma, nazev, smysl, cil a cilova
skupina projektu. Rozhodli se tedy uspofadat v zeleném arealu Skoly pro spoluzaky z 1. stupné
ZS vychovné-vzdélavaci zabavny environmentélni program (,,EP*, heterogenni skupinky cca
peti zakt postupné projdou devét stanovist), kdy na motivy znadmych pohadek vytvofili

»Enviropohadky* (spontanni, sttednédoby, Skolni projekt).

Témata a ndpli stanovist’ byla vybrana metodami popsanymi Sitnou (2009), jako je
brainstorming, diskuse, pojmova mapa; za vyuziti znalosti, knih, internetu, ¢asopisii, konzultaci
s pedagogy. Zpracované informace jesté Zaci reflektovali pouzitim metody Buzz Groups (Sitna,

2009, s. 76).

Postupné si zaci vytvortili harmonogram projektu véetné€ zodpovédné osoby za konkrétni
krok, sepsali vSechny potfebné pomicky vcetné rozpoctu, oslovili sponzory, vytvofili pracovni
listy a cedule ke stanoviStim, motivacni letacky, Casovy rozpis skupinek na stanovistich. Takeé
vytvorili autoevaluaéni dotazniky obsahujici otdzky v podobé pocitovych a postojovych skal

Likertova typu (Gavora, 2010; Chytry, Kroufek, 2017), poté se zaci vénovali 1 publicité
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projektu (v mésiéniku ,,Radnice”, na webu $koly i na Zakovské ekologické konferenci v Mosté
v dubnu 2017).

UKAZKA ZPRACOVANYCH STANOVIST PROJEKTU ,,ENVIROPOHADKY*

V tabulce 1. jsou uvedeny nazvy stanovist’, probirana témata a aktivity; pod tabulkou je ukazka

jedné enviropohadky, otazky k diskusi na stanovisti a seznam potiebnych pomiticek.

Tabulka 3 Stanovisté programu , Enviropohadky*, zdroj. Zaci + autorka

Nazvy stanovist’ Probirana témata Aktivity pro zaky
kresleni a
bioodpad, humus, modelovani zizal,
O zizale Julii hnojivo, vermikompostovani, prohlidka

"|z vermikompostéru

zizali ¢aj, likvidace ptebytkl
ze svacin ve Skolach

vermikompostéru, zizaly,
potrava pro zizaly (co smi

a nesmi)
Jak krtek recyklace, ukazka a vyroba
.|k recykalhotkédm prohlidka recyklomaterialtt | recyklohracky (Zelvi¢ky),
prisel (napt. flees) recyklacni kufiik

.10z6n nad zlato?

ochrana pted UV
zafenim, problematika
ptizemniho ozonu

modelace molekuly
0zonu, hry s bublinami

O zivé, mrtvé a kyselé
.|vodé aneb kam zmizel

ubytek koralt a
zivocisnych hub diky

ukazka koralt a hub,
pokusy s octem a slabymi

SpongeBob? okyselovani oceanti CO2 lasturkami ¢i skotéapkami
) \ porovnani hmotnosti
vlastnosti kovil . , o1 o
) e stejné velkych pliska,
. (hustota, vodivost), tfidéni, . ,
.| O Popelce ze shbérny . jednoduchy obvod
recyklace, vyroba y .
recvklovanteh snerki S voltmetrem, pfesmycky
Y yensp (hledani kovii)

O Slunecnikovi,

alternativni zdroje

hracky a roboti na

.| Vodnikovi a . solarni pohon, vyroba
.. energie .
Vétrnikovi vétrnicku
vyrobky

Tarzan proti palmé
“|olejné

problematika péstovani
palmy olejné

s palmovym olejem a bez
n¢ho, ,,0pi¢i draha*

Snéhurka a sedm
‘| kontejneri

tfidéni odpadu a snaha o
jeho minimalizaci

,,beh s odpadem®,
vyrobené pexeso,
spojovacky, pyramidy z
vicek

Makova panenka
"|a drogovi dealefi

problematika drog

opium — vysvétleni,
pohybové aktivity
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O zizale Julii z vermikompostéru

,Zizala Julie byla velmi mlsnd. Necht&lo se ji cpat se jenom hlinou, ktera se v jejim
dlouhém téle méni na humus. Bylo ji ukradené, Ze je diky tomu uZzite¢na, v noci se ji zdéalo o
cervenych jablickach, zlutych hruSkach a zelenych okurkach, az si ztoho snu vzdycky
poslintala polstat. Jednou slySela vypravét tetu Bétu o néjakém domecku, kde zizaly ziji a tyto

dobroty dostavaji od déti. Jé, tam by se ji libilo, hned se vydala domecek hledat...*

Diskuse: Jak se takovy domecek jmenuje? Kde by ho Julie nasla? Pro¢ tam zizaly bydli?
Cim je krmime a &im je krmit nesmime? Cemu fikame bioodpad? Pro¢ jsou ZiZaly uZite¢né?
K ¢emu potiebujeme hnojivo? Jak vznika zizali ¢aj? Mlzeme mit vermikompostér i ve Skole a

doma? Jak se o n¢j starat? Co se ti na vermikompostéru libi a nelibi?

Pomiicky: vermikompostér, obrazky a ukazky, co se smi a nesmi davat t€émto specialnim

zizaldm — pracovni listy, zivé ZiZaly, modelina na vyrobu vlastnich Zizal, pastelky, fixy a papir

vvvvv

VYSLEDKY A DISKUSE

Kvalita projektu se méti jeho pfinosem pro skupinu zakl i jednotlivee, jejich rozvojem
v kognitivni oblasti, ale i rozvojem socidlnich schopnosti a dovednosti, umozni poznat Zdky
Vv novych situacich (Coufalova, 2006, s. 20). Vyhodnoceni autoevalua¢nich dotaznikli ukéazalo
(obrazek 1), ze 87,5 % ze 120 respondenti pozitivné ocenilo spolupraci (soucet kategorii
,vzdy* a ,témet vzdy*), 94,17 % aktivné pracovalo (stejny princip souctu kategorii), pro 82,5

% to byla zabava (stejny princip souctu kategorii), pro 19,17 % byly ukoly obc¢as naro¢né.

80,00
€ 70,00
1]
=]

g 60,00

o

E 50,00 - B vidy

g 40,00 téméF vidy

3 30,00 -

o 20,00 M obcas

o A b
10.00 - m témér nikdy
0,00 - m nikdy

spoluprdce ve aktivni prace na zdbavab&hem ndrocnost tkold
skupiné tkolech EP

L=

oblasti autoevaluace

Obr.1 Vyhodnoceni evaluacnich dotaznikt, zdroj: zaci + autorka
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Ptfinosem tohoto projektu byla i naslednd aktivita zakd — Zzéaci 1. stupné zacali
vermikompostovat, v souc¢asné dob¢ jsou na Skole vyuzivany 4 vermikompostéry, na toto téma
probéhly z iniciativy zakid 1 dal$i vzdélavaci akce pro rodiCe, ucitele i zaky z jinych skol.
NejzajimavéjSimi stanovisti byla zaky vyhodnocena ¢. 8 (Sn¢hurka...) a ¢. 9 (Makova

panenka...) - zaci kreslili emotikon jen ke stanovisti, které bylo podle nich nejlepsi.

DalSim zajimavym pfinosem byl fakt, Ze jeden z ucastniki projektu navrhl uspotadat ve
Skole besedy programti Green Life a Blue Life, ze kterych se vyvinula zajimava a dlouhodoba
spoluprace s panem Milanem Jeglikem. Spoluprace spodiva mimo jiné také ve financni
podpote, kdy se vybrané finance od zakl a uciteli Skoly pouziji na zachranu destného pralesa
a na koupi a provoz fotopasti. Fotopasti jsou soucasti programu ,,Oko tygra®“, jehoz ukolem je
dle M. Jeglika (zdroj — beseda s nim) ziskavani dikazi o existenci ohrozenych druhi zvifat za

ucelem jejich ochrany a odhalovani ilegalnich aktivit pytlactvi a dfevorubectvi.
ZAVER
Tento projekt byl postaven tak, jak vnimali projekt jiz pfedstavitelé reformni pedagogiky; jako
komplexni ukol, podnik zaktv, za jehoz vysledky pievzal zak odpovédnost, koncentrovany
kolem uréité ideje, ktery obsahuje vice problémii, ma svij cil i uspokojivé zakondeni (Zanta,
1934; Piihoda, 1936; Vrana, 1938). Pozici zdka v projektu, jeZ by méla byt zdsadni, zdiraziuji
napiiklad také Rusek a Dlabola (2013).

Zaci — realizatofi projektu ziskali dalsi zajimavé dovednosti a kompetence (NUV, 2017)
a zjistili, Ze nemohou podceniovat zavéreCnou reflexi projektu, nebot pfispiva k vymeéné
zkuSenosti a poznatkd, zachyceni nalad, postojii, ndzorl, prozitkl a postfehil vSech tcastniki,
k ziskani zpétné vazby a pouceni pro pfisti projekty, ale také ke zlepseni socialniho klimatu, jez

je nezbytnou podminkou Uspésné realizace projekti (Kratochvilova, 2009, s. 20).

PODEKOVANI
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VYUKA DEJIN VEDY: ZKUSENOSTI ZAKU A UCITELU

History of Science at School: Pupils” and Teachers” Experience

POUPOVA Jana

Abstract

The article describes teachers” experience with a project dealing with life and work of
famous scientists: Pupils create a medial product (video, radio broadcast, cartoon...) presenting
an important biologist, chemist or phycisist in his or her native language. The article describes
also a study which monitored pupils” view of the role of history of science at school and their
experience with it. Its results show that pupils are aware of benefits of learning history of

science though their experiences with this topic are quite limited.
Key words
History of science, project based learning, scientific literacy
UvoD

Vyznamnou miskoncepci, roz§ifenou mezi zaky 1 vefejnosti, je predstava, Ze existuje absolutni
pravda, kterou véda pomaha odhalit (Horner, Rubba, 1978). Jde 0 omyl, ktery je bohuzel
prizivovan zpisobem prezentace védy ve Skolach. V nich se obvykle uci jen ,,hotové* poznatky,
diky ¢emuz véda pusobi jako soustava neménnych zavéra (Schwab, 1962; Horner, Rubba,
1978).
veédu predvést jako nikdy nekoncici hledani vystizného (nikoli ale definitivné prokdzaného)
popisu svéta kolem nas (DeBoer, 2014). Ukazat védu v tomto svétle pomahaji jeji d&jiny
(Heilbron, 1999), které se misto vysledkli védeckého badani soustfed’uji na cestu, kterou se
soudobého védéni dosahlo. Nejen z tohoto diivodu zacaly déjiny védy v poslednich dvaceti
letech pronikat do kurikul mnoha evropskych zemi (Dibattista, Morgese, 2014). Podle zpravy
Eurydice dg&jinam védy vénuje pozornost Skolstvi v Estonsku, Finsku, Lucembursku,
Portugalsku nebo Rakousku, v Cesku nikoliv (EACEA, 2011).

Pokud by chtél ucitel ptirodovédnych pfedmétt déjiny do své vyuky zaclenit, stoji pred
otazkou, jak na to. V minulosti se uplatnily predevsim nasledujici zptisoby: rozbor ptipadovych

studii, ¢teni ptivodnich védeckych texti (s naslednou diskusi nad nimi) a studium Zivotopisii
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vyznamnych védci, at’ jiz v podobé Cetby ¢i sledovani filmu s touto tématikou (McComas,
2014).

Tento pfispévek ukazuje, jak déjiny védy pojmout formou zivotopisné zamétené
projektové vyuky. Clanek pfiblizuje priibéh projektu, pohled zu¢astnénych uéitelti na néj a také
vysledky vyzkumu mapujiciho osobni zkuSenosti zakt s vyukou dé&jin védy i jejich nazory

na ni.
PRIRODOVEDCI MINULOSTI I SOUCASNOSTI — TEMA PRO PROJEKT

Na cCtyrletém prazském gymnéziu byl opakované realizovan projekt zaméfeny na
vyznamné piirodovédce. Cilem projektu bylo vytvofit medidlni produkt (film — hrany ¢i
animovany, webové stranky, blog, plakat, komiks, fotoreportaz, rozhlasovou relaci, noviny
nebo casopis), ktery piedstavi zivot a dilo zvolené osobnosti védeckého svéta. Produkt
vytvarely vzdy ctvetice zakl maturitniho ro¢niku v pritbéhu dvou po sob¢ jedoucich skolnich
dntli na zacatku zati. Po uplynuti projektovych dnit mohli studenti béhem dalsiho tydne dokoncit
praci doma. Medialni produkt byl vytvafen v rodném jazyce zvolené osobnosti, pfi¢emz Zaci
byli do pracovnich skupin vylosovani s ohledem na jimi zvoleny jazyk. (Vybér byl limitovany
spektrem vyucovanych cizich jazykl, tj. jednalo se bud’ o anglictinu, némcinu, nebo
francouzstinu.) Hotovy mediélni produkt byl v pfislusném jazyce prezentovan ostatnim zakiim
ro¢niku na pfedmaturitnim soustiedéni, které se konalo v poloviné zafi. Pfi prezentaci musel
pohovofit kazdy ¢len skupiny. Zaci pfi ni zdGivodiiovali volbu osobnosti, popisovali priibéh své
prace a hodnotili jeji vysledek. Za své vystoupeni dostali od ucitelil cizich jazykli znamku,

do které se kromé jazykovych dovednosti promitala i spoluprace ve skuping.

Popsany projekt splituje typické rysy projektu tak, jak je formuluje Bell (2010): Ma
interdisciplinarni charakter, poskytuje zaktim prostor pro kreativitu, podporuje spolupraci

v tymu i rozvoj jazykovych dovednosti a jeho vysledek je vetejné prezentovan.
METODIKA

Mezi zéky vySe uvedeného Ctyfletého gymndzia probéhlo dotaznikové Seteni, jehoz
cilem bylo zjistit dosavadni zkuSenost zakl s vyukou dé&jin védy a jejich nazory na ni.
Dotaznikové Setfeni probéhlo v zafi 2017 a zG¢astnilo se ho 89 Zaka prvniho ro¢niku (ve véku
15 let), které v budoucnu vySe popsany projekt ¢eka. (Provadét tento vyzkum ve vysSich
roCnicich nebylo vhodné, protoze nckteti z téchto zadkd béhem svého studia absolvovali
volitelny seminaf z d&jin védy. Jejich odpovédi by vysledky vyzkumu zkreslily.) V dotazniku

byly polozeny oteviené i uzaviené otazky, jejichz plné znéni je uvedeno v ptiloze. U otazek
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svolbou odpovédi bylo zjistovano procentudlni zastoupeni jednotlivych odpovédi.

Vyhodnocovani ostatnich odpovédi probihalo formou otevieného kddovani.

Dotaznikové Setfeni bylo pouzito i pro zhodnoceni pifinosu vyse popsaného projektu.
Reflexe silnych a slabych stranek projektu se zGcastnili Ctyfi vyucujici (dva vyucujici
angli¢tiny, jeden francouzstiny a jeden némciny) realizujici tento projekt v zafi 2017. Byly jim
polozeny nasledujici otazky:

1. V ¢em podle vas spocival hlavni piinos jazykové-medialniho projektu zaméieného na
vyznamné pirirodovédce?

2. Osvédcily se nékteré osobnosti vice (tj. byly u nich napadné kvalitnéjsi medialni
produkty), nebo byla kvalita produktu zévisla spis na Sikovnosti konkrétni skupiny?

3. Uvitali byste n&jaké zmény ve vlastnim priibéhu projektu (jeho organizaci, zptisobu
hodnoceni apod.)? Pokud ano, jaké?

4. Co bylo na zékladé vasich zkusenosti pro studenty na projektu nejt¢zsi?

5. Jaké byly nejéastéjsi nedostatky v medidlnich produktech?
6. Co bylo na projektu obtizné pro vas?

VYSLEDKY
Hodnoceni projektu uciteli

Za hlavni pfinos projektu povazovali vSichni dotazovani ucitelé zlepSeni mluveného projevu
74k a seznameni s Zivotem zajimavé osobnosti. TTi z nich déle povazovali za dualezité zlepSeni
schopnosti zakl spolupracovat. Podle vSech vyucujicich zavisela kvalita medialniho produktu
pfedevsim na kreativité¢ konkrétni skupiny. Dva z uciteld nicméné upozornili, ze kdyz byl
osobni zivot zvoleného védce opravdu zajimavy (jako v pfipadé¢ S.Hawkinga), vznikaly
kvalitn&j$i produkty. Pfi opakovanych realizacich projektu ucitelé meénili zptisob hodnoceni
povazovali u€itelé tvorbu cizojazyEného textu a prezentaci medialniho produktu (tuto odpoved’
uvedli tfi ucitelé), na druhém misté pak zvladnuti spoluprace ve skupiné (tuto odpovéd’ uvedli
dva ucitelé). Ucitelé Zaktim nejCastéji vytykali nedodrZeni terminu odevzdani produktu, resp.
nesplnéni ¢asového limitu prezentace, a nedostateCnou jazykovou kvalitu produktu (tato
pfijatelny zplisob hodnoceni projektu.

ZkuSenosti Zakii s vyukou déjin védy

Celkem 90 % zaka uvedlo, ze se s d&jinami védy ve Skole setkali, a to nejcastéji ve fyzice,

chemii a ptirodopisu (tab. 1).
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Tab. 1 Ve kterveh piirodovadnyeh predmatech jste se s d5jinami vEd setkali”
chemie plirodopis [zemépis  [fyzika matematika

4%% 31% 298 64% 19%4

Lh

Drtiva vétSina zaku uvedla, ze se dé¢jindm vénovali jen malo (tab. 2).

Tak. 2V jakeé mife jste se v téchto pfedmétech déjinam vid vénovali”

hodné pramérné  [malo fevim

0% 11% 82.50% 6.30%

Témer tii Ctvrtiny zaka uvedly, Ze bylo obvykle uvedeno pouze jméno védce ¢i objevitele
(tab. 3).

Tabk. 3 O jaly tvp informaci Slo nejtastéji”

jméno védee 2%
informace o jeho Hvotd 1%
strudny popis objesu 20%%
blizsi informace o objevu 4%

Déjiny byly nejéastéji pfipominany v souvislosti s terminologii, v necelé polovingé
ptipadu $lo o jinou odbornou otazku (tab. 4).

Tab. 4 Vjaké souvislosti jste se d&jinam véd vénovali nejéastéi’

= odborou otazkou 47%
= novou technolozil 33%
= charalkterem dobv 16%
s terminnolo = 6%
v jiné souvislosd 0%

Zhruba tii ¢tvrtiny zakt uvedly, Ze §lo o souéast vykladu ucitele. V jinych situacich se

z4ci s déjinami véd setkdvali méné Casto (tab. 5).

Tab. 3 Takou formou {ste se o d&jinach v&d udili’
NIhiete oznabit vice odpovédi.

Slo o souzdst vikladu usitele. T6%
Cetli jsme knihu & jin text. 15%
Zpracovavali jsme referat. 33%
Divali jsme se na film. 23%
Tinak: 2%
(pracovid sesit, domaci tkol)

Tretina zakt se déjinam veéd veénovala i v dé&jepise, a to nejCastéji Vv souvislosti

s prumyslovou revoluci a obéma svétovymi valkami (tab. 6).

Tab. 6 Ukl j=te se o histori véd v déjepize’

ano ne fnevim

- - -
.'l_'nl:- .'l_'nl:- 2

6%
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Nazory zaki na vyuku déjin védy
Témét polovinu zaka déjiny védy spise bavily (tab. 7). Zdivodnéni, pro¢ tomu tak bylo, uvadéli

Zaci jen vyjimeéné. Bud’ §lo o zalibeni v samotném tématu, nebo o radost z uéeni obecné.

Tak. 7 Bavily vas déjiny v&d?

aro spife ano  |spifene  |ne fevim

12% 43% 17% 4% 24%

Témét polovina zakt povazovala vyuku dé&jin védy spise za smysluplnou, ¢tvrtina za
vylozené smysluplnou (tab. 8). Sviij nazor nejcastéji opirali o argument, Ze znalost déjin védy
pomaha 1épe pochopit soudoby stav védy. Druhy nejcastéji uvadény divod byl nazor, ze jde
0 soucast vSeobecného vzdelani. Nékteti zaci uvedli, ze jim déjiny védy pomahaly pfi uceni.

Negativné hodnotilo smysluplnost vyuky dé&jin védy malé procento zakt. Sviij nazor
zdivodnovali tim, Ze je dilezitéj$i znat soudoby stav poznani a Ze jsou d&jiny védy nadstavbové

uc¢ivo. Opakované byl jako argument uvedeny nepfitazlivy zptsob vyuky tohoto tématu.

Tak. & Poldadate za smvsluplng vEnovat se ve Skole déjinam v&d?
ano spife ano  |spifene  |ne fevim

24% 46% 3% 1% 24%

Na otazku, zda zaky oslovil zivotni piibéh nebo dilo n¢kterého védce, odpovédelo kladné
41 % zaku. Nejvice jich uvedlo M. Curie-Sklodowskou (6x) kviili jeji houzevnatosti, obétavosti
védé a schopnosti prosadit se v muzském svéte. Druhou nejéastéji uvadénou osobnosti byl
S. Hawking (3x), u néhoz Zaci poukazovali kromé pracovniho nasazeni na schopnost vyrovnat
se s vlastnim hendikepem. Na tieti misto se dostal A. Einstein (2x), s jehoz zivotnim stylem se
néktefi Zaci ztotoznovali.

DISKUSE

Odpovédi na zdkovsky dotaznik svédEi o tom, ze se déjinam védy v Ceskych skolach piilis
pozornosti nevénuje. Toto zji§téni je v souladu se zpravou Eurydice (EACEA, 2011). Ze jde

0 dlouhodoby stav, doklada obdobny zavér Folty (1999) stary témér 20 let.

Podle McComase (2014) seznameni s d&jinami védy zlepSuje pochopeni uciva a také
porozuméni principim fungovani védy. Je potéSujici konstatovat, ze si Zaci jsou (navzdory své
omezené zkuSenosti) tohoto ptinosu védomi: Vypovidaji o tom Zakovska zdlivodnéni odpovedi

na 9. otazku.

Dotaznikové Setfeni mezi uditeli vyzdvihlo jako jedno z hlavnich pozitiv popisovaného

projektu seznameni se zajimavou osobnosti. Jiz na pocatku 20. stoleti upozorfioval
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F. Westaway na schopnost biografii zlidstit svét védy a ukazat védce jako nasledovanihodny
vzor (Brock, Jenkins, 2014). Pravdivost tohoto nadzoru dokladaji Zakovska zduvodnéni
odpovédi na 10. otazku: Sympaticky na zaky plsobily piredevsim ty ptibehy, které velké védce

ukazaly jako ,,normalni* lidi, pfekonavajici piekazky a zazivajici i neaspéchy.

Na druhou stranu Barth (1999) ze své osobni zkusenosti konstatuje, ze zivoty slavnych
védci nezapusobi na vSechny zaky: Nezanedbatelnou ¢ast nudi. Toto je v souladu se zhruba
stejnym (poloviénim) zastoupenim zaka, které né&jaky védec oslovil, resp. neoslovil. Tento
vysledek by mohl souviset i s velkymi rozdily v kvalité mezi medialnimi produkty jednotlivych

skupin, byt’ podle vyjadreni ucitelti na ni mély stézejni vliv tvarci schopnosti zaki.

ZAVER

Dotaznikové Setfeni zjiStujici dosavadni zkuSenost patnactiletych Zzaki ctytletého
gymnézia s vyukou d&jin védy ukazalo, ze se této problematice na zakladnich skolach p#ili§
pozornosti nevénuje. Presto si je vétSina zdkd védoma piinosu d&jin védy a potazmo

smysluplnosti jejich vyuky.

Clanek také piiblizil méné obvykly zptsob, jak historické téma ve vyuce pojmout.
Jednalo se o projektové vyuéovani, jehoz vysledkem byl cizojazyény medialni produkt
0 vyznamném piirodovédci. Dotaznikové Setfeni mezi zacastnénymi uciteli ukézalo, ze jeho
realizace byla naro¢na jak pro Zaky (kvili zvladnuti jazykové stranky véci), tak pro ucitele

(kvili nesnazim s hodnocenim vysledkl projektu).
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VLIV VYUKOVEHO PROSTREDI NA OSVOJOVANI
KOGNITIVNICH A AFEKTIVNICH CiLU VYUKY ZAKY
NA PRIMARNIM STUPNI ZAKLADNICH SKOL

The influence of educational environment on acquiring cognitive and affective goals of

teaching pupils at primary schools

VACHA Zbynék

Abstract

This paper is focused on impact of educational environment on achieving mainly affective
goals. 137 primary school pupils were participated on the research. Education was focused on
topic: The freshwater animals and surroundings. Data was collected during pair groups
experiment. Education in the experimental group was situated on the school garden. Pupils in
the control group were taught in a classroom. The visible difference between these two
groups was evident mainly in the affective goals. Pupils in the experimental group had bigger

interest on education that pupils in the control group.

Key words
Primary school, science and environment, cognitive and affective skills, pupil interest
UvoD
Je otadzkou kazdého pedagoga jaké vyuCovaci metody, formy a prostiedi pro vyuku zvoli.
Spoleéné pusobeni téchto faktord pak muiize mit vyrazng rozdilny vliv na proces osvojovani si
novych znalosti Z4ky, ale 1 na celkovou oblibenost Skolniho vyucovani. Jednotlivé vyukové
metody a formy ¢i nejriznéj$i vyukova prostiedi mohou mit odlisSny ucinek na rozvoj
kognitivniho, afektivniho ¢i psychomotorického vyvoje zaka. K uvedené problematice byl
designovan vyzkum, ktery mél za kol zjistit efektivitu odlisSného vyukového prostiedi na

dosahovani kognitivnich a afektivnich cild v hodinach pfirodovédy na primarnim stupni

zakladnich skol.
GENERACE Z A ALFA

Ve spolecnosti se stale vice projevuje trend odcizovani ¢lovéka piirodé (Abram, 2013).
Negativni vliv na tuto skute¢nost mé charakter dnesSni doby, kterou mizeme povaZovat za
pietechnizovanou (Jancatikova, 2016). Vyrazné rozdily ve vztahu k pfirod¢ jsou patrné¢ mezi

jednotlivymi generacemi.
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Pro sociologické vyzkumy ve Spojenych statech americkych je typické oznaCovani
jednotlivych generaci pismeny. Pojmenovani téchto generaci jsou pak ptenaSena i do ostatnich
¢asti svéta (Papacek, 2010). V ramci ptispévku budou vysvétleny generace Z a alfa, jelikoz maji
veékove nejblize ke sledované skupiné zaka ve vyzkumné ¢asti. Generace Z je oznaceni pro lidi
narozené mezi roky 1990 a 2000 (Jandaiikova, 2016). V Ceské republice viak tato generace
nastoupila se zpozdénim, jak uvadi napi. Papacek (2010). Jedna se o generaci, ktera se narodila
V dobé plné nasycené informa¢nimi technologiemi a internetem, uptfednostiujici elektroniku

pied knihou (Posnick-Goodwin, 2010).

Do generace alfa patfi lidé, kteti se narodili po roce 2010 rodi¢tim, jiz plné€ vyuzivajicim
vypocetni techniku. Jejich vazba na digitalni prostiedi je a bude vyrazna. Dokonce jesté silnéjsi

nez u generace Z (Jancatikova, 2016).

Z vyzkumnych Setieni vyplyva (napt. Cizkova, 2013), Ze v zavislosti na vyse uvedeném
dochézi k postupné ztraté zajmu zakt o piirodni védy a pfirodu celkové. K poklesu zajmu
dochazi jiz v prib&hu zakladni Skolni dochazky a viditelné nartsta s vékem zaka (Gafoor, 2011;
Eilks a kol., 2004). Do budoucna tak bude na ucitelich ptirodovédnych ptedméti, aby se tomuto
trendu postavili a pokusili se u zakd jiz v ranych ro¢nicich Skolni dochazky posilovat vztah

k ptirodé (Vacha, Ditrich, 2016). Nebude to kol snadny, ale urc¢ité ne nesplnitelny.

VYUKA V PROSTREDI SKOLNICH ZAHRAD

Mimotiidni vyuka ma zna¢ny potencial u zaki podnitit vztah k ptirodé (Vacha, Petr, 2013).
Jako jedno z nejvhodnéjsich prostredi pro vyuku v terénu v blizkosti §koly mizeme povazovat
prostory Skolnich zahrad (Vécha, 2015; Graham a kol., 2005). Vyuka na $kolni zahrad¢ miize
zakam piiblizit prostfedi, ve kterém ziji (Smith, 2002), umoznit navStévovat Zivou laboratof
podporujici implikaci badatelskych aktivit (Smith, Motsenbocker, 2005), podporovat
interdisciplinaritu ve vyuce (Sobel, 2005) ¢i osvétlovat principy udrzitelného rozvoje

(Castagino, 2005).
METODIKA

Na vyzkumu participovali zéaci Sesti ¢tvrtych tiid priméarniho stupné ze tiech zakladnich skol.
Kone¢ny vyzkumny vzorek byl tvofen 137 zaky - 75 divkami a 62 chlapci.

Téma Piirodni spoledenstva: Zivo¢ichové sladkovodnich ekosystémi a okoli bylo
vyucovano na kazdé z participujicich skol ve dvou stejnomérné rozdélenych skupinach (viz

niZe) za vyuziti odliSného vyukoveho prostiedi.
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Data, zjistujici dosazeni kognitivnich cili, byla ziskdvana na zékladé metody
experimentu typu sparovanych skupin (napt. dle Mittenecker, 1968; Chraska, 2007). Pred
zahdjenim experimentu byl zakiim zadan test vstupnich znalosti (pretest) v tematické oblasti:
zivocCichové sladkovodnich ekosystému a okoli, ktery obsahoval deset otazek, a zaci v ném
mohli ziskat maximaln¢ 10 boda. Na zaklad¢ vysledkl tohoto méfeni doslo k vytvoreni dvou
skupin na kazdé participujici zékladni Skole (sparované vybéry), v nichz bylo homogenni
rozdeleni zaka dle uspésnosti v pretestu - Zaci se stejnym poctem dosazenych boda byli do
skupin rozdélovani nahodné. V jedné z téchto skupin na kazdé participujici Skole pak probihala
vyuka v prostfedi Skolni zahrady Pedagogické fakulty JihoCeské univerzity (tzv. experimentalni
skupina - celkem 69 zakl). Ve druhé skupiné byli zaci vyucovani v budové $koly v tradi¢ni
tiidé (tzv. skupina kontrolni - celkem 68). VVyukova jednotka trvala v experimentalni i kontrolni
skupiné shodné 90 minut a vyucoval ji stejny uéitel (autor prispévku). V obou skupinach byla
vyuzivéana pfedevsim metoda piimého a neptimého pozorovani ptirodnin (v zavislosti na misté
vyuky). Tyden po ukonceni vyuky, doslo u zaka k ovéfeni vystupnich znalosti prostiednictvim
jednotného posttestu a na zadkladé¢ jeho vysledkii byla porovnana vykonnost kontrolni a

experimentalni skupiny.

Pro ovéfeni dosazeni afektivniho cile, ktery zjiStoval zajem zakii o dané téma, byl vyuzit
pétistupnovy dotaznik Likertova typu uzptisobeny véku a moznostem zakl primarniho stupné
zakladnich skol (napf. dle Reynolds Keefer a kol., 2009). Dotaznik obsahoval dv¢ polozky (1)
Dnesni vyuka mé bavila a (2) Podobny typ vyuky bych v daném vyukovém prostiedi do
vyudovani zafadil astéji (opakované). Zaci méli za ukol vybarvit emotikon odpovidajici jejich

nazoru (viz obrazek 1).

urcité ano spiSe ano nevim spiSene  urdité ne

OOV

Obr. 1 Skala dotazniku Likertova typu pro ziky na primarnim stupni zdkladnich $kol, zdroj vlastni

VYSLEDKY

Hlavnim cilem vyzkumu bylo otestovat pfedevSim vliv vyukového prostiedi na dosahovani
afektivnich (hodnotovych) cil. Prvni otdzka zjiStovala zakav subjektivni ndzor na skutecnost,
zdali ho absolvovana vyuka bavila. Obrazek 2 poukazuje na vysoce statisticky prikazné rozdily
mezi experimentalni a kontrolni skupinou, tedy skupinou vyucovanou v prostiedi Skolnich

zahrad (experimentalni - E) a skupinou absolvujici vyuku v b&zné tfidé (kontrolni — K). Zaci
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v experimentalni skupin¢ vykazovali mnohem vétsi zajem o vyuku nez zaci v kontrolni

skuping. Polozka byla analyzovana na zakladé Mann-Whitney testu (t = 5.84; p < 10-7).

Subjektivni nazor Zaka na oblibenost daného typu vyuky
55 . . .

50} _

45

40 | o

35+t

30} &

25T

Oblibenost vyuky

20

15}

10 | —h

0.5 K E o Median
[0 25%-75%
Skupina T Min-Max

Obr. 2 Subjektivni nazor zakt na oblibenost vyuky, zdroj vlastni
Druha otazka, obsahové zaméfena na dosahovani hodnotovych cili u zaku, zjistovala
zakav subjektivni nazor na skuteCnost, zdali by podobny typ vyuky v daném vyukovém
prostiedi zafadil do vyuky cast&ji (opakované). Obrazek 3 znazoriiuje staticky vyznamné
rozdily mezi nazory zaka kontrolni a experimentalni skupiny. Zaci v experimentalni skuping,
ktera probihala v prostorach $kolni zahrady, se vyjadiovali vyrazné pozitivnéji pro opétovné
zafazeni podobného typu vyuky v uvedeném prostfedi oproti zdkiim ve skupin€ kontrolni.

Polozka byla analyzovana na zakladé Mann-Whitney testu (t = 4.67; p < 10-5).
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Subjektivni nazor zaku na opétovné zafazeni vyuky
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Obr. 3 Subjektivni nazor zakt na opétovné zatazeni vyuky, zdroj vlastni

Systém pretest — posttest, ktery mél za cil ovétit dosazeni kognitivnich cilt (Groven
znalosti v dané tematice) u zaka v kontrolni a experimentalni skupiné na zadné statisticky
vyznamné rozdily nepoukézal. U obou skupin doslo k téméf totoznému navyseni pramernych
bodovych skorh mezi pretestem a posttestem (viz tabulka 1). Neprokazal se tak zadny

signifikantni vliv vyukového prostfedi na proces osvojovani novych védomosti u Zakd na

primarnim stupni zakladnich skol.

Tab. 1 Primérné bodové hodnoty dosazené zaky v jednotlivych testech, zdroj vlastni

Pretest K Posttest K Rozdil Pretest E Posttest E Rozdil

3,5 7,75 4,25 3,5 7,50 4

K= kontrolni skupina, E = experimentalni skupina

ZAVER

Z vysledkl vyzkumného Setfeni je patrné, ze obCasnd zména stereotypniho prostfedi bézné
ttidy za jiné vyukové prostory (v tomto piipadé Skolni zahradu) miiZze mit pozitivni vliv na
zdjem zaki o vyu€ovani. Zaci v experimentalni skupiné projevovali statisticky vyznamné vétsi
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z4jem o vyuku a chtéli by podobny typ vyucovani do prostiedi skolnich zahrad implikovat
opakované¢. Do budoucna by vyuka ve venkovnim prosttedi mohla byt jednim z faktort, ktery
pozitivn¢ ovlivni zdkovské vnimani ptirodnich véd a podpofti v nich zajem o ptirodu vibec. Je
vSak nutné, aby byla vyuka ve venkovnim prostiedi zafazovana do vzdélavaciho procesu jiz
Vv pfedskolnim vzdélavani a na primarnim stupni zdkladnich Skol, kdy se formuje zakova

osobnost.

Pozitivni ani negativni vliv vyukového prostfedi na dosahovani kognitivnich cilt
prokédzan nebyl. Ptesto je vSak realné, ze by pii opakovaném testovani stoupala znalostni tiroven
u zaka, pro které bude vyucCovani zabavnéjsi. Zabavnost vyuky by mohla pozitivné ovlivnit
jejich vnitini motivaci. Je jasné, ze vyzkumné Setfeni mohlo byt zkresleno i celou fadou dalsich
faktorti (v rozdilném prostiedi nelze pouzit uplné stejné vyukové metody, rizny pocet zaki v
jednotlivych tfidach, odlisSné materidlni vybaveni), a vysledky tak nemizeme generalizovat, ale

mohlo by slouzit jako pilotni prizkum pro dal$i mnohem rozsahlejsi vyzkumny zamér.
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TEMPERATURE AND ENVIRONMENTAL PHYSICS
SVECOVA Libuse
Abstract

In the article we present the results of a questionnaire given to 60 pupils of secondary
schools, the goal of which was to determine their views on climate change and global warming
in the context of physics. Because the results have shown that pupils consider temperature in
the context of physics, climate change and global warming, an educational project has been

proposed, designated Temperature and Climate change.
Key words

Environment, primary school, project-based learning, social media, society and

environment education.
INTRODUCTION

The concept of environmental physics is not included in any Framework Educational
Programmes in the Czech Republic. The concept, however, is currently undergoing rapid

development as a result of climate change and global warming.

Lepil et al. (2009, pp. 7) provides this definition of environmental physics: “It is a field
that aims to point out the importance of physical factors for the existence of mankind and living
organisms in the environment, but also to warn him against introducing physical knowledge
into practice through technical applications without due consideration. In this way he develops
his thinking to focus on the environment. It is not just about the physics of the environment, but

the spirit of the concept of sustainable development.”

We will present some of the terms that pupils of primary school will encounter in the
teaching of physics that are related to environmental physics: electromagnetic waves e.g.
ultraviolet radiation; weather; greenhouse effect, measuring temperature; converting
temperature measurements in degrees Celsius to different temperature scales; physically
measuring the principle of the liquid thermometer and bi-metal thermometer, i.e. the thermal

expansion of substances; heat exchange, change of state, heat engine, etc.

In the article we present the results of a questionnaire given to 60 pupils of secondary
schools, the goal of which was to determine their views on climate change and global warming

in the context of physics. Because the results have shown that pupils consider temperature in
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the context of physics, climate change and global warming, an educational project has been
proposed, designated Temperature and Climate change. The aim of this project is to show a link
between increasing average global temperatures and the consequences of it for life on Earth.

At present, the project-based learning has begun to be used in the teaching of natural
sciences (Jeskova, Lukac, Hancova, gnajder, Gunis, Balogova, Kires, 2016; Balogova, Jeskova,
Hancova, Kires, 2017; Doorman, Jonker, Wijers, Suk, Bilek, Machkovéa, 2016; Trna, Trnova,
2015; Prasilova, 2017, pp. 123-130). We consider this scientific form of teaching to be
interesting for pupils and it may be applied in the form of a Science Day held around the date
of Earth Day.

Samples of projects dealing with physics and environmental education are given in the
following publications (Svecové, 2017, pp. 279-284; Svecova, Fanta, Nem¢ik, 2017, pp. 309-
312; Olsovsky, 2010).

MATERIALS AND METHODS

A research of selected concepts of environmental physics that do not form a part of Framework
Educational Programmes within the Czech Republic was undertaken by e.g. (Svecova &
Mechlova, 2014; Svecova 2015, Svecova, 2016). Svecova & Mechlova (2014) state the

following:

1. A research conducted in the spring of 2006 in respect of 69 pupils of the 8" and 9"
grade of elementary school and 100 pupils of 2" grade of secondary school showed that pupils

regard the concepts “cyclical” and “reversible action” to be identical.

2. A research conducted in the spring of 2013 in respect of 35 university students of the
1% year and at the end of the autumn 2013 in respect of 75 university students of the 1% year
served to confirm this result. Another material finding was that in the spring, 43% and in the
autumn 51% of questioned university students considered climate changes which we observe
on Earth to be reversible. It follows from both studies that pupils of primary and secondary
schools as well as university students consider reversible action to be identical to a cyclical one,
i.e. that preconceptions of pupils in respect of reversible action do not depend on the phase of

their education, which can lead to incorrect understanding of changes which take place on Earth.

Svecova (2016) summarises the reasons why conceptions reversible and irreversible
processes are relevant for physics and for concept of environmental education. Svecova (2016)

points out that the media uses terms from physics in connection with climate changes, but at
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primary school and secondary schools the pupils do not come across the specified terms in
physics lessons, and their incorrect interpretation could lead to an unsuitable attitude towards
climate changes and global warming.

The opinions and knowledge of pupils in the Czech Republic concerning climate changes
and global warming have been dealt with by, for example (Skalik, 2015; Milét, Sladek, 2011;
Svecova 2015).

Skalik (2015) published the results of a pilot study dealing with the attitudes of Czech
adolescents towards climate changes in relation to information sources that they trust. Skalik
(2015) states “The main focus of the study is thus to offer a segmentation of youth in the issue
of climate change related to information sources they trust and also related to the type of

information on climate change”

Climate literacy in the Czech Republic has been dealt with by, for example (Miléf, Sladek
2011, pp. 150), who states "We designed a three year course for upper primary school in order
to improve the climate literacy of the population. We have performed a three year testing of the
improved curriculum at the pilot upper primary school. The curriculum was designed for grades

7 to 9 of the Czech educational system.”

Although in the Czech Republic studies were carried out and published dealing with
climate change and global warming in the context of education, no sufficient attention has yet
been paid to research of concepts from the area of environmental physics.

On the basis of the published research, research was proposed aimed at ascertaining the
opinions of Czech pupils towards climate changes and global warming, and whether pupils
were aware of the linkage between knowledge from physics and climate changes after the end
of primary school. The research was conducted in the form of a questionnaire survey in two
phases. Initially 4 items were proposed. The items were open, in the form of controlled
interviews. The controlled interviews were conducted with four pupils of the ninth grade at
primary school in the spring of 2017, namely with 15-year old pupils. The aim of the interviews
was to determine whether pupils understood the questions. The pupils were attending the final
year of primary school and were selected at random. The length of the interview was 20 to 30

minutes. There were three girls and one boy included in the sample.

Based on the interview results, the questionnaire survey was expanded to include two
other items. The questionnaire survey was carried out in the autumn of 2017 with pupils of the
first year of secondary school, i.e. 15-year and 16-year old pupils. The aim of the survey was
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to find out what kind of opinion the pupils have on climate change and global warming and
physics after their compulsory schooling, i.e. after the end of their primary school education.
To determine terms that pupils would put in context with climate change and knowledge in
physics which pupils gained at primary school and through the media. The questionnaire survey
involved sixty pupils, a total of 38 girls and 22 boys. The questionnaire was anonymous and

voluntary.

Questionnaire survey

The questionnaire consisted of a total of six open questions.
1. Are you interested in information about climate change and global warming?
2. Where have you seen information about climate change and global warming?

3. In which primary school subjects did you encounter information about climate change

and global warming?

4. In which media have you encountered information about climate change and global

warming?

5. Can you give us an example of how physics relates to global warming and climate

change?
6. Can you give us examples of climate change and the global warming of the Earth?

The results of the questionnaire survey showed that 45 % of the pupils said that they were
interested in information about climate change and global warming; 31% of the surveyed pupils
said they were not interested in information about climate change and global warming; 24 % of

the surveyed pupils replied, “I don’t know”, or did not respond to the question.

For the second item, the pupils stated where they encountered information about climate
change and global warming A total of 48 % of the surveyed pupils said that they encountered
information about climate change and global warming in the media; 40 % of the surveyed pupils
indicated that they encountered the information in school; 12 % of the surveyed pupils failed to

respond to the question, or provided a different response.

For the third item, the pupils were supposed to tell us the primary school subjects where
they encountered information about climate change and global warming A total of 34% of the
pupils said that they encountered information on climate change and global warming in primary

school in natural history; 12 % of the surveyed pupils encountered the information in primary
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school in geography; 24 % of pupils provided a different answer, i.e. Earth Day; 30 % of the
surveyed pupils failed to provide a response.

For the fourth item, the pupils were supposed to tell us in which media they encountered
information about climate change and global warming The fourth item was answered by the
pupils as follows: a total of 34 % of the surveyed pupils said the Internet; 24 % of pupils
television; 3 % of pupils the radio; 39 % of pupils provided a different response, or failed to

provide any response.

For the fifth item, the pupils were supposed to give us an example of how physics relates
to global warming and climate change. A total of 36 % of the surveyed pupils said, “We measure
the temperature”, 21 % said renewable energy sources, 8 % of pupils the greenhouse effect,
while 40 % of the surveyed pupils failed to respond to the question, or provided another

response.

For the sixth item, the pupils were supposed to give us an example of climate change and
the global warming of the Earth. A total of 39% of pupils stated the greenhouse effect; 23 % air
pollution; 13% of pupils reported the increasing temperature of the Earth; 11 % said the ozone

hole; 14 % of pupils failed to respond to this item.

The results show that 36 % of the surveyed pupils said temperature was connected to
physics and climate change and global warming. Based on these results, an educational project
was created designated Temperature and Climate change. Since 34 % of the surveyed pupils
responded that they have encountered information on climate change and global warming in
primary school in the subject of natural history, the teacher will have the role of consultant

within this proposed project.
DISCUSSION

The aim of the implemented research was to ascertain the opinions of Czech pupils towards
climate changes and global warming, and whether pupils were aware of the linkage between
knowledge from physics and climate changes after the end of compulsory school attendance.
To determine terms which pupils put in context with climate change and knowledge in physics.

The research was carried out in the form of a questionnaire survey in a non-representative
sample of 60 secondary-school pupils. The results showed that pupils primarily associate

climate changes with rising global temperature.
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The results also confirmed the results of other research. Skalik (2015) states “A sample
of students from Masaryk University and several grammar schools from Czech Republic
participated in the quantitative study focusing on their knowledge of climate change,
information sources they use and proenvironmental attitudes. The survey highlighted the

extremely low level of students’ knowledge.”

Skalik (2015) implemented research in respect of secondary-school pupils as well as
university students. The students received a questionnaire which stated terms chosen by the
author of the article and the respondents selected a correct answer from the choice of 4
responses. In our research we focused on pupils after completion of compulsory schooling; the
pupils formulated the answers themselves. The research has shown that pupils stated only 3
terms related to climate change and knowledge in physics which they acquired at primary
school: temperature, renewable energy sources and the greenhouse effect. These terms are
stated in textbooks on physics designated for elementary schools, or pupils encountered them

in the media.

Opponents of including environmental physics in lessons may submit their objections.
Information on climate change changes rapidly. The attitude of scientists concerning climate
change and global warming greatly differ. How are teachers supposed to navigate such a

situation since they do not have the opportunity nor time to study scientific articles?

We are presenting a proposal on how to make it possible to include physical
environmental problems in the teaching of physics. While resolving the problem of
environmental physics, pupils should build on the knowledge they have acquired during the
teaching of all natural science subjects. Concepts and physical relationships may be explained
on the basis of real experiments. Due to the fact that the approach of scientists to climate change
and global warming greatly differ, it should be up to the pupils to decide for themselves whether
the changes are occurring or not. This may only be achieved if we familiarize pupils with the
data provided and updated by scientific organizations. Most of the data is provided in the form
of graphs and interactive animations. This will help pupils develop the ability to “read from a
graph” in order to deal with the causes and effects of the given problem. At the same time,
pupils should be familiar with the objections of opponents and be able to respond to such

objections. The pupils should suggest options to resolve the problem.
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CONCLUSION

We provide the results of a questionnaire survey of 60 secondary-school pupils. The
results show that 45 % of the secondary-school pupils are interested in information on climate
change and global warming. A total of 48 % of the surveyed pupils have encountered the
concept of climate change and global warming in the media, which means that the media has
become their main source of information on climate change and global warming. The research
has shown that pupils stated only 3 terms related to climate change and knowledge in physics
which they acquired at primary school: temperature, renewable energy sources and the
greenhouse effect. A total of 36 % of the surveyed pupils said, “We measure the temperature”,

21 % said renewable energy sources, 8 % of pupils the greenhouse effect.
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INVESTIGATION OF PROPERTIES OF WATER BY
SECONDARY SCHOOL STUDENTS, PRE-SERVICE AND IN-
SERVICE TEACHERS

ZAK Vojtéch
Abstract

This paper focuses on the implementation of inquiry-based science education (IBSE). The
goal of this brief study is to contribute to experience sharing regarding IBSE (specifically
investigation of water). From the methodological point of view, the qualitative approach was
chosen. This study shows that all participants can benefit from the possibility of choosing from
different types of IBSE. We recommend to the participants in IBSE activities to start with a

structured or confirmation inquiry and afterwards to continue with a guided or open inquiry.
Key words

Inquiry-based teaching, inquiry-oriented learning, physics

INTRODUCTION

IBSE (inquiry-based science education, including inquiry-based teaching and inquiry-oriented
learning) can be seen from different points of view. One of these points of view is how IBSE

(a learning activity) is led by a teacher.

Table 1 Types of IBSE according to the teacher’s leadership (T = Teacher, SS = Students)

Type of inquiry Research Research Carrying out Research
question methods research results
Confirmation T T SS T
Structured T T SS SS
Guided T SS SS SS
Open SS SS SS SS

When analysing literature we can distinguish several types of inquiry (see Table 1,
compare with Eastwell, 2009; Papacek, 2010; Stuchlikovéa, 2010, p. 132; Trnova, Trna, 2011,
Bilek, Machkova, 2015, p. 13; Zak, 2016, p. 303). The basic steps necessary for development
of IBSE activities (units) that fulfil main attributes of IBSE is described by Ctrnactova and
Zamecnikova (2017).
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The goal of this brief study is to contribute to experience sharing regarding IBSE
(specifically investigation of properties of water). In connection with this goal, we formulated
the following research question: What characteristics appear to be important when

implementing inquiry-based science education?
METHODOLOGY

From the methodological point of view, the qualitative approach was used to reflect the
implementation of IBSE activities in physics education. The basic research plan was a case
study. Data were collected using observation of learners working in groups and using an
analysis of presentations of the learners, especially their notes made on the blackboard during

their presentations in front of the other learners.

The IBSE activities regarding the investigation of properties of water were implemented
repeatedly in physics education of several groups of learners — secondary school students, pre-
service physics teachers (at the Faculty of Mathematics and Physics, Charles University in
Prague) and in-service teachers (their further education). The IBSE activities lasted from
approx. 15 min to 45 min. The learners worked mostly in two- to four-member groups. Because
we have decided to investigate and reflect IBSE activities qualitatively, the total number of
learners included in our investigation is not decisive. We consider the sample to be sufficiently

extensive, because the research results show practically useful conclusions.
RESULTS

The results listed below were obtained from the observation and analysis of presentations of
the learners. As it will be apparent from the following text, some results may be considered as
problems encountered during IBSE activities, others may be perceived positive. In both of these
cases, they should be taken into account when implementing IBSE. Several recommendations

are made to improve the implementation of IBSE activities.
Perceived lack of time

It was not rarely that the learners felt lack of time to work within IBSE activities. The perceived
shortage of time was identified within different groups of learners (secondary school students,
pre-service and in-service teachers), even when relatively much time was given to the IBSE
activities, e.g. more than one lesson (45 min). It is advisable for the teacher to inform the
learners about how much time has elapsed and how much time still remains during IBSE

activities.
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Problems with tools and material requirements

Especially in cases of the guided and open inquiry (see Table 1), there was a problem that the
learners required tools or material that were not available. The characteristics of these types of
inquiry include the fact that the learners suggest research methods on their own, and so they
also have specific requirements regarding tools and material. Sometimes it was a more
expensive device, such as a sensitive scale, sometimes quite common equipment, but a large
number of them. We generally recommend to prepare as many as possible things (tools and
material) in advance so that there will be no wasting time during the lesson. It is also possible
to limit requirements regarding the equipment, e.g. by telling how accurate scale will be

available.
Misunderstanding the activity assignment

In several cases the learners were not able to distinguish between an assumption and a

conclusion. For example, some learners did not understand why they should determine density

of water when they knew that it was 1 000 %. They underestimated the meaning of the

assignment verify that density of water is approx. 1 000 % (see Table 1, confirmation inquiry).

Problems connected with open inquiry

It can generally be said that the open inquiry is the most difficult of all types of IBSE (see Table
1). In the lessons which were investigated and reflected, there was not a completely open
inquiry, but the IBSE activities were defined by a relatively general instruction, e.g. Investigate
properties of water! or Investigate water evaporation! The learners had to decide in the first
phase of the lesson how to define the research question (problem) more precisely to be able to
solve it (at least to a certain extent) within the given time (see perceived lack of time above).
We recommend that the learners formulate the research questions in a very specific way (with
an eventual help of the teacher), especially depending on the given time and experience of the

learners.

Formulating and choosing research questions can be conceived using brainstorming
within each group of the learners first, then within the whole class, and finally, the most
appropriate proposals are chosen. We recommend the teacher and learners to take into account
available tools, devices, material, etc. (see problems with tools and material requirements
above). It is not necessary that each group investigates a research problem different from the

others; on the contrary, solving the same research question by several groups of learners can be
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beneficial for all the learners. They can compare different methods they have used and their

achieved results.
Different ways to present research results

It is advisable to give the learners freedom in what form the research results will be presented.
There are examples of four different ways to present data regarding the investigation of water
evaporation conducted by pre-service physics teachers. Their investigation took approx. 30
min, the preparation of their presentations 7 min and each of four groups had about 3 min for

their presentation in front of the others.

According to our experience even a brief presentation immediately after finishing inquiry
can show essential characteristics of the work of learners. In the first case (Fig. 1a, left above),
the procedure of inquiry and results are expressed verbally. Regarding the physics content, it
was confirmed that the greater the surface area, the faster evaporation occurs. This investigation
can be classified as a combination of open and confirmation inquiry and it is qualitative inquiry

as well.

In the second case (Fig. 1b, right above), measured values are presented in the form of a
table. The mass loss was investigated depending on what was (happening) on the water surface
(an uncovered vessel, a covered vessel, a ventilator, an oil layer on water). Not only mass loss,
but also temperature change was investigated. While the measured values of mass loss were
expected in a similar way, the increase in temperature in the case of the ventilator (last but
second row in the table) was surprising for the learners. This question remained open at the end
of the lesson, similarly the question how to determine the specific heat of evaporization of water

based on the measured values of mass (Fig. 1b, below).

186



v N00,%  F5
“M00¢ Mg

—————— af—H—ﬁ

S QP W WINATILFW (520 2\ 2

/(8

Fig.1 Several ways to present data regarding the investigation of water evaporation: (a) verbal expression,

(b) table, (c) graph, (d) another graphical representation
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In the third case (Fig. 1c), the learners constructed a graph of water mass versus time.
They were surprised that the dependency was concave (a convex function was expected). This

contradiction remained unanswered at the end of the lesson.

The last presentation (Fig. 1d) is interesting because the learners requested the teacher to
lend them a thermocamera (except a scale). They decided to compare rates of evaporation of
water, ethanol and NOVEC. The results were expressed imaginatively both by using a colour

scale and by the "winners’ podium".
Influence of experience of the learners on the course of IBSE activities

With regard to different experience with IBSE that different learners (especially pre-service and
in-service teachers) have, we recommend giving them freedom to choose what type of inquiry
they will do. We can start with the general instruction (open inquiry, see Table 1) Investigate
properties of water! or Investigate water evaporation! (see problems connected with open
inquiry above). Then we can conduct interviews with less experienced learners and offer them
more concrete research problems, e.g. Compare evaporation of hot and cold water! (guided
inquiry). The teacher can also specify research methods, e.g. Determine density of water using

a scale and a graduated cylinder! (structured inquiry).

We can prepare a set (a stack) of sheets for each group of learners, where the first one
contains the most general information and this is gradually specified on the following sheets
(from open to structured or confirmation inquiry). It is up to the learners how much specific

information they use.
CONCLUSION

The research revealed several characteristics that seem to be important when implementing
inquiry-based science education (IBSE): perceived lack of time, problems with tools and
material requirements, misunderstanding the activity assignment, and problems connected
with open inquiry. In connection with the perceived lack of time, Baprowska and Bilek (2017,
p. 78) point out the importance of good time management within project-based science
education. Further, we recommend teachers support different ways to present research results.
Special attention should be paid to the influence of the experience of learners on the course of
IBSE activities.

This study shows that all participants can benefit from the possibility of choosing from

different types of IBSE — confirmation, structured, guided, and open inquiry. We recommend
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to the participants in IBSE activities to start with a structured or confirmation inquiry and
afterwards to continue with a guided or open inquiry. It is beneficial that new research questions
have appeared within IBSE activities and that they can serve as suggestions for the further

inquiry of the learners.
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VYUZITi VYPOCTU V ULOHACH PRIRODOPISU

Using calculation in the biology tasks

HLAVACOVA Lucie, HYBSOVA Aneta

Abstract

Science process skills the ability to compute some variables and to work with measured
values, tables and charts. According to PISA 2015 Czech pupils had worse results in these
abilities. This research examines if natural sciences tasks have the potential to develop these
skills. It focuses on the biological tasks in worksheets. Especially the number and type of tasks
requiring numerical computations and quantitative reasoning are mapped. The analysis has

shown that this type of tasks is various however it occurs in a low frequency.
Key words
Worksheets, science process skills, biology, calculations, diagram
UvoD

Ptirodov&dna gramotnost je velmi obsahly koncept, ktery podle PISA obsahuje mimo znalosti,
dovednosti a postoji i celou fadu ptirodovédnych kompetenci (viz Strakova, 2016). Tyto
kompetence zahrnuji tzv. zpusobilost védecké prace (science process skills), jejiz
nepostradatelnou roli v procesu uceni pfirodovédnych predméti charakterizoval W. Harlen
(1999). Zptsobilost védecké prace je vnimana jako porozuméni metoddm a procesim
védeckého zkouméni (Bilgin, 2006). Padilla (1990) ji definuje jako soubor Siroce
prenositelnych dovednosti, které jsou vyuzitelné v mnoha védnich disciplinach a které reflektuji
to, jak védci pracuji. Hodosyova a kol. (2015) popisuje zpusobilost védecké prace jako
zpUsobilost pozorovat, méfit, experimentovat a zpracovavat data. Vzdélavaci oblast Clovék a
piiroda charakterizovand v ramcovych vzd¢lavacich programech kooperuje se vzdélavaci
oblasti Matematika a jeji aplikace (RVP ZV 2016), ktera mimo jiného obsahuje zékladni
statistické pojmy, ¢teni z grafii a tabulek (Hybsova, 2017). Pravé v téchto znalostech a
dovednostech ¢esti zaci podle studie PISA 2015 zaostavaji (PISA, 2015). Podle Mandikové a
Houfkovée a kol. (2011) vyzkum TIMSS 2007 ukazal, ze ve vSech ptirodovédnych testovanych
predmétech si Cesti zaci nejhife vedli s tlohami zaloZzenymi na uvazovani. Je tedy otazkou, do
jaké miry jsou tyto kompetence rozvijeny v rdmci ptirodovédnych pfedmétd a konkrétnich

ptirodovédnych tloh. Hodosyova a kol. (2015) se zabyva studiem zptsobilosti védecké prace
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v piedmétu fyzika. V Ceské republice nebylo dosud zkouméno, jak si v rozvoji dané
zpisobilosti stoji pfirodopis, proto se tento vyzkum zaméfuje pravé na dany predmét a
analyzuje, kolik Uloh v pracovnich seSitech piirodopisu rozvijeji znalosti a dovednosti tizce

spjaty se zpusobilosti védecké prace a jaka je podoba téchto tloh.
METODIKA VYZKUMU

Do vyzkumu byly zahrnuty ucelené fady pracovnich sesitl ptirodopisu od vSech nakladatelstvi,
které maji schvalovaci dolozku MSMT (nakladatelstvi Fraus, Fortuna, Nova skola, Prodos,
Taktik) a akceptuji tak obsah Ramcovych vzdélavacich programu pro zakladni vzdélavani
(2016). Jednalo se o vybér nejaktualnéji vydanych pracovnich sesitti od kazdého nakladatelstvi.

Celkem bylo analyzovano 22 pracovnich sesitli ptirodopisu (viz tab. 1).

Tabulka 1: Seznam pracovnich se$itli zahrnutych do vyzkumu.
Nakladatelstvi Nazev (rok vydani)

Piirodopis 6 — Nova generace (2014)

Piirodopis 7 — Nova generace (2015)
Fraus

Piirodopis 8 — Nova generace (2016)
Ptirodopis 9 (2007)

Ekologicky ptirodopis 6 (2009)
Ekologicky ptirodopis 7 (2009)
Ekologicky ptirodopis 8 (2009)
Ekologicky ptirodopis 9 (2009)

Fortuna

Ptirodopis 6, 1. dil — Obecny ivod do ptirodopisu (2015)
Ptirodopis 6, 2. dil — Bezobratli zivocichové (2015)
Ptirodopis 7, 1. dil — Strunatci (2015)

Piirodopis 7, 2. dil — Botanika (2015)

Ptirodopis 8 — Biologie ¢loveka (2015)

Nova Skola

Ptirodopis 9 — Geologie a ekologie (2015)

Ptirodopis 6 — Rostliny (2015)

Ptirodopis 7 — Zivocichové (2015)
Ptirodopis 8 — ¢lovek (2016)
Ptirodopis 9 (2013)

Prodos

Hravy ptirodopis 6 (2015)

Hravy ptirodopis 7 (2015)
Taktik

Hravy ptirodopis 8 (2015)

Hravy ptirodopis 9 (2015)
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Cilem tohoto vyzkumu je zmapovat pocet a formu biologickych uloh rozvijejici
zpisobilost védecké prace konkrétné v oblastech jez vyzaduji numerické vypocty
a kvantitativni uvazovani. Objektem vyzkumu jsou ulohy v pracovnich seSitech ptirodopisu.
Smyslem je vytvofit vyzkumny néstroj, ktery mtize byt dale vyuzit k hodnoceni uloh vSech
piirodovédnych pfedmétt jako je nejen piirodopis/biologie, ale i fyzika, chemie, geologie

a zemépis/geografie.
Vyzkumné otazky:

1. Jakou formu maji ucebni ulohy v jednotlivych pracovnich listech p¥irodopisu, jez

vyzaduji numerické vypocty a kvantitativni uvaZovani?

Kategorizace formy ucebnich tloh vychazela ze tii zakladnich nositeld numerické
informace — text, tabulka, diagram. Na zaklad¢ toho, jakym zptsobem se s numerickou
informaci dale pracovalo dle zadani jednotlivych tloh, byly vytvoteny konkrétni podkategorie,

které jsou uvedeny v kapitole vysledky.

2. Kolik uéebnich uloh v jednotlivych pracovnich listech p¥irodopisu vyZaduje

numerické vypocty a kvantitativni uvaZovani?

V rdémci zaznamenavani Uloh v pracovnich seSitech byly rozliSovany tlohy klasické
a praktické. Za tlohy praktické byly povazovany navrhy k laboratornim pracim nebo riznym
praktickym cinnostem, které se svoji komplexnosti 1i8i od uloh ostatnich, jez byly fazeny jako
ulohy klasické. Nasledné bylo zkoumano, jaky podil uloh, ze vSech tloh v daném pracovnim

list&, vyzaduje numerické vypocty a kvantitativni uvazovani.

V pracovnich seSitech se objevovaly ulohy, které ackoliv obsahovaly numerické tdaje,
nevyzadovaly jakékoliv kvantitativni uvaZovani, ale pouze znalosti Ciselnych hodnot, a proto
nebyly do vysledkd zahrnuty (napt. Polomér Zemé je , Objem krve dospélého ¢loveka
¢ini pfiblizné atp.). Dale nebyly zahrnuty tlohy, které vyZadovaly prosté scitani
a od¢itani bez nutnosti interpretovat vysledek (napt. Détsky chrup ma 20 zubl a dospély 36.

O kolik zubii vice ma dospély jedinec?).
VYSLEDKY

Kategorizace uloh vychazejici ze tfi zékladnich nositelt numerické informace byla dle struktury
zadani uloh dale ¢lenéna do podrobnéjsich podkategorii (viz obr. 1). Prvni kategorie je
zaméfena na zpusob zjiStovani Ciselnych hodnot, tzn. vycist z piedloZeného textu,

Z dohledanych informaci nebo zjistit samostatnym métenim. Druha a tfeti kategorie zohlediiuje
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zpusob zpracovani danych numerickych informaci, tzn. zaznamenavat informace do tabulky nebo
diagramu, vy¢ist informace z tabulky nebo diagramu, popripadé vytvoreni vlasti tabulky a diagramu
(viz obr. 1). Jednotlivé vybrané tlohy mohly zahrnovat jednu nebo vice ze stanovenych kategorii (viz
obr. 2, 3).

I. Zjisténi numerické hodnoty

a) Ze zadanych informaci v textu
b) Z dohledanych informaci (na internetu, v ucebnicich atp.)
¢) Pomoci samostatného méfeni

I1. Zpracovani numerickeé informace v tabulce

a) Zaznamenani informaci do tabulky
b) Vycist informace z tabulky
C) Vytvoreni tabulky

I11. Zpracovani numerické informace v diagramu (graf, schéma, ¢asova osa, obrazek)

a) Zaznamenani informaci do diagramu
b) Vycteni informace z diagramu
C) Vytvoreni diagramu

Obr. 1: Kategorizace zkoumanych ucebnich uloh v pracovnich listech ptirodopisu.

80. Prohlédni si graf z4vislosti aktivity bekyné& mnigky na teploté prostiedi. Pak doplii a odpovéz.

stoup'aju’ci
aktivita

s — g g . T X T

-6 -5 0 5 10 15 20 25 30 35 40 45 (°C)

Optimalni teplota prostfedi pro mnisku je . Mniska hyne pfi teploté

Obr. 2: Ukazka uéebni tlohy zahrnujici kategorii IIL.b (pfevzato z Fortuna, Ekologicky ptirodopis 9. str. 20.)

7%, Zijisti a zapiS pocet tept u trech spoluzdki (A,B,C) v klidu a po namaze (deset diepi
rychle za sebou). Vyber si spoluzdky s rtiznou hmotnosti. Porovnej zjisténé ddae.

Pocet drepui
Spoluzaci  Hmotnost (priblizne) v klidu po ndmaze

Obr.3: Ukazka ucebni ulohy zahrnujici kategorii I.c, I1.a. (pfevzato z Fortuna, Ekologicky ptirodopis 8, str. 29)
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Dle vysledku (viz tab. 2) je patrné, ze z klasickych uloh, kterych byva v pracovnich
listech zhruba 65-260, se ulohy vyzadujici numerické vypoCty a kvantitativni uvazovani
objevuji sporadicky, tzn. nepfesahuji 5 %. Vyjimkou je pracovni list pro 6. roénik
z nakladatelstvi Nova $kola, kde jsou tyto ulohy zastoupeny z 8,1 %. Ulohy, fazené mezi
praktické se vyskytuji vétSinou na zavér pracovniho listu a byva jich podstatné méné nez uloh
klasickych, tzn. 0-25, avSak i mezi témito ulohami se nami zkoumana forma uloh vyskytuje pod
hranici 5 %. Vyjimkou je pracovni seSit pro 8. roénik, opét z nakladatelstvi Nova $kola, kde se
mezi praktickymi tlohami vyskytuji ulohy vyzadujici numerické vypoCty a kvantitativni
uvazovani v 23,5 %. V 5 z 22 koumanych pracovnich sesiti se dokonce nevyskytuji zadné
ulohy vyzadujici numerické vypocCty a kvantitativni uvazovani, jedna se konkrétn€ o pracovni
seSity 6. a 7. ro¢nik z nakladatelstvi Fortuna, 7. ro¢nik 1. dil z nakladatelstvi Nova skola, 6.

ro¢nik z nakladatelstvi Prodos a 7. roénik z nakladatelstvi Taktik.

Tabulka 2: Procentudlni zastoupeni ulohy vyzadujici numerické vypoéty a kvantitativni uvazovani. V zavorkach
je uveden celkovy pocet uloh daného pracovniho sesitu.

Roénik Z8
Nakladatelst 6. 7. 8. 9.
vi Klasické | Praktické | Klasické | Praktické | Klasické | Praktické | Klasické | Praktické
Ulohy Ulohy tlohy tlohy Ulohy tlohy Glohy Glohy
Fraus 3,6% 0% 0,4 % 3.8% 2,6 % 39% 0%
(168) (25) (225) (26) (268) (232) Q)
Fortuna 0% 0% 1,9 % 4,5 %
(63) (101) (107) (111)
1. 8,1% 0% 0% 0%
Nova | dil (162) (6) (176) (5) 2,0% 23,5% 1,0% 0%
Skola | 2. 1,7% 0% 1,6 % 0% (245) a7 (293) (5)
dil 172) (6) (193) (6)
Prodos 0% 0,8 % 0% 0,5 % 1,6 %
(65) (120) 17) (199) (129)
. 0,6 % 0% 1,4 % 2,6 %
Taktik 1 162) (190) (144) (156)
DISKUZE

V Ceské republice se objevuji vyzkumy analyzujici tlohy v uéebnicich piirodopisu (napf.
Vranova, 2012; Hrabi a kol., 2014). Ve vyucovacim procesu vSak zaci kromé ucebnic pracuji
také s pracovnimi listy, coz vychazi i z vyzkumu Hlavacové (2015). Studie Tikalské (2008),

ukazuje, Ze prace s pracovnimi listy je pro Zaky obdobn¢ atraktivni jako prace s ucebnici.
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V soucasné dob¢ vSak neexistuji studie, které by se zabyvaly konkrétné analyzou
pracovnich seSit, jez jsou didaktickou pomickou k vétSiné ucebnic. V piirodovédnych
predmétech jsou zkoumdny znalosti a dovednosti zakt (napf. Hodosyova a kol., 2015). V nasem
prostedi je vSak vyzkum piirodovédnych pfedmétii z pohledu ucebnich uloh feSenych ve vyuce
povazovan zatim za nedostate¢ny (Lokajickova, 2015). Vaculova, Trna a Janik (2008) povazuji
(ne)kvalitu ucebnich tloh (chapano komplexné v rdmci vyuky nikoliv jen jako forma zadani
Vv pracovnich listech) ve vyuce za jeden z mezinarodné sdilenych problému ptirodovédného
vzdelavani.

Tento vyzkum, zaméfeny konkrétné na Ulohy v pracovnich sesitech ptirodopisu, ovéfil,
7e ulohy, jeZ jsou tUzce pojeny se zpusobilost védecké prace, konkrétné s dovednosti
kvantitativniho uvazovani a prace s Cisly, se v pracovnich seSitech vyskytuji nejcastéji pod
hranici 5 %. Vzhledem k tomu, ze RVP ZV (2016), apeluje na skute¢nost, Ze vzdélavaci oblast
Clovék a piiroda kooperuje s oblasti Matematika a jeji aplikace, dalo by se oekavat, Ze
v pracovnich seSitech prirodovédného predmétu jako je ptirodopis bude toto propojeni
zastoupeno vice. Jednim z tskali prezentace pfedmétu piirodopis je skuteénost, ze se jedna o
ucivo, které ma prevazné popisny charakter (Hlavacova, 2017). V takovém ptipadé miize byt
obtizné zaujmout pro piirodopis Zaky s logickym u¢ebnim stylem, pro které je typické logické
mysleni, analyza dat a prace s ¢isly (Skoda & Doulik, 2011). V&tsi zastoupeni takovych tuloh
Vv pracovnich sesitech by mohlo u zakii nejen piispét k rozvoji zptisobilosti védecké prace ale

zaujmout i $irsi spektrum z4k pro ptirodopis.

Z vyzkumu je dale patrné, ze ackoliv uloh vyzadujici numerické vypocty a kvantitativni
uvazovani neni v pracovnich listech mnoho (tzn. vétSinou méné nez 5 %), existuje Siroka skala
forem téchto uloh, tzn. urcité tlohy vyzaduji nejen pochopeni, ale 1 samostatné tvoieni Cisel,
tabulek a diagramtl. Né&které lohy dokonce vyzaduji samostatné méfeni dat a jejich nasledné

zapsani do tabulky nebo diagramu, respektive grafu.

ZAVER

V ramci vyzkumu byl vytvofen vyzkumny ndstroj, zaméfeny na analyzu Uloh vyZzadujici
numerické vypocty a kvantitativni uvazovani v pfedmétu piirodopis/biologie. Vyzkumny
nastroj kategorizuje jednotlivé formy uloh dle jejich zadani a celkové koncepce provedeni tak,

ze je mozné zjisStovat, zda jsou zaci vedeni k tomu pracovat s Cisly ve formé textu, tabulky,

vvvvv
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kategorie jsou stavény tak, aby byla mozna jejich aplikace i na jiny ptfirodovédny predmét jako

je fyzika, chemie nebo zemépis/geografie.

Vzhledem k tomu, ze ucebni Glohy vychazeji z rozdilné naro¢nosti poznéavacich operaci
nutnych k jejich teseni (Tollingerova, 1970) a rGznorodosti typi zadani ucebnich uloh
(Byckovsky, 1982) bude vyzkum dale rozsifen o kategorizaci zahrnujici 1 kognitivni funkce,

jez je tfeba k feSeni uloh zapojit.
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AN ATTEMPT TO CREATE A SEQUENCE FOR
IMPLEMENTATION OF THE TRADITIONAL TOPIC:
MIXTURES

HOSALOVA Martina, HELD Lubomir

Abstract

Current chemistry pupils currently harbor a lot of preconceptions and misconceptions,
and a lot of these contradict scholarly ideas even in topics as basic as mixtures and their
separation. Furthermore, many of these misconceptions are caused by traditional schooling. It
is for this reason that the deductive approach to education must be replaced with an inductive
approach. We have applied didactic reconstruction to the field of chemistry. We have created a
series of inquiry-based science education (IBSE) activities to develop pupils’ skills in this area.

In the present article, we describe two activities in more detail.

Key words

Chemistry, Conceptual Change in Science, Inquiry-based teaching, Primary School
INTRODUCTION

In recent years, reformist efforts in the field of science education have aimed to develop literacy
in the natural sciences; that is, in the intersection of three areas: concepts in the natural sciences,
competence in scientific work, and a scientific approach to reality and to nature (Harlen, 2010,
p. 8-9). Such marked reforms are particularly necessary in chemistry education in Slovakia,
where 15-year-old pupils in both primary and secondary school have performed poorly in the
Program for International Student Assessment (PISA). Specifically, the 2015 PISA report states
the following: “The results of Slovak pupils in the sixth cycle of the PISA international study
show a continuing trend towards reduced performance in the natural sciences, mathematics, and
literacy. In all areas studied, Slovak pupils obtained scores that were significantly lower than
the OECD average, just as in the previous cycle.” (Miklovi¢ova et. al., 2017, p. 29).
Furthermore, in 2015, the deterioration in results was worse than in the previous four cycles
(Siskovi¢, Toman, 2014, p. 1-16). For this reason, a change in the content of natural science
education is necessary. That is, the specific topics and concepts of natural sciences that are
included in the syllabus must be revised to put more emphasis on experimental activities carried
out by the pupils themselves. This would develop the pupils’ scientific competence. In fact,

experimentation and scientific competence are the main indicators of performance under the
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PISA system. On the basis of the didactic reconstruction model (Jelemenska et al., 2003, p.
190-198), we have proposed a change in the approach to teaching basic introductory themes in
chemistry.

MISCONCEPTIONS IN THE TOPIC OF MIXTURES

Even though the content of chemistry education follows a traditional formula and is
relatively simple, pupils harbor a number of preconceptions that run contrary to scientific ideas,
as well as misconceptions that schools are unable to remove, and in some cases even cause.
Moreover, teachers fail to allow enough time for the pupils to develop correct preconceptions,
and they rarely address misconceptions. The topic of mixtures is considered rather trivial, and
didactic research does not devote enough space to it. However, it should not be overlooked,
because it constitutes the starting point of chemistry education (Harlen, 2010, p. 28).

Therefore, for the purposes of the present report, it will be useful to outline and describe
the misconceptions that occur in this area (Kingir et al., 2012, p. 1650; Can, Boz, 2014, p. 17).
Specifically, these studies, which recorded the claims of pupils themselves, reported the
following misconceptions about the topic of mixtures:

e The presence of an insoluble material proves that a mixture can be classified as

heterogeneous.

e Saturated solutions contain insoluble materials at the bottom.

e Homogenous mixtures are pure materials.

e Mixtures that contain water are homogeneous.

e All mixtures are heterogeneous.

e Mixtures are always composed of two materials.

e The identity of the components of a mixture is not preserved.

e All solutions are liquids - only liquids can be solutes.

e Solutions can occur as either liquids or gases - solids cannot dissolve other solids.

e Solutions can occur as either solids or liquids - gases cannot be dissolved or be solutes

themselves.

These claims show that pupils regard visual assessment as the deciding factor when
classifying a material. They do not think about the internal structure of that material; their
conflation of the terms “homogenous mixture” and “pure material,” as well as the terms
“unsaturated solution” and “insoluble material”, confirm this. Pupils do not usually consider

mixtures that are composed of more than two materials. Similarly, they are convinced that
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solutions are always liquids and they do not consider whether solutions can occur in other states.
They generally consider water a solvent, because it is commonly presented in textbooks as the
universal solvent. For this reason, they do not believe that a gas can be a solvent, or that solids

can dissolve other solids.

With regards to the topic of separating mixtures, pupils make claims that contradict
scientific notions. Can and Boz (2014, p. 17), who focused on various misconceptions in pupils
aged 14-16, stated the following:

o Filtration is a method of separating solids from liquid solutions

o Distillation is a general method of separating liquid/liquid mixtures.

Pupils have deep-seated misconceptions about the notion of filtration, because they
work with a contaminated liquid and a filtration apparatus (laboratory stand, filter funnel,
filter circle, and filter paper). However, they do not consider filtration within its whole context

(Filtration is the separation of solid particles from a gas or liquid.).

The pupils’ notions of chemical materials, and about chemicals themselves, are also
unsettling. Current textbooks have failed to improve the negative image of chemicals in society,
because they use the inadequate term “chemical material” rather than the adequate term
“chemically pure material” (Adamkovi¢ et al., 1993, p. 18, 40, 48). It is clear that the use of
this incorrect term (chemical material), which has strong emotional connotations, can markedly

influence pupils’, and ultimately the public’s, relationship with chemistry.

This artificially created negative attitude towards chemical materials leads to a natural
confusion among the terms “pure/purification” and “clean/cleaning,” because the Slovak
language, as it is used in the classroom, does not distinguish these words. In turn, the concept
of washing is also conflated with the notion of chemical purity, particularly when water, as the
most common liquid, is used to wash materials. It is important that education professionals take
into account the differences between everyday and scientific meanings of terms. In everyday
use, the term “clean” (“Cisty” in the Slovak language) is used to mean (1) that which pays
attention to cleanliness (unsoiled, washed, unadulterated, sterile), (2) that which does not carry
any traces of interference (blank), (3) unmixed with anything (pure, transparent, crystalized,
genuine, 100%), (4) honorable (without fault) (Anettova et al., 2004, p. 76-77). However, in

199

scientific discourse, the term “pure” (also “Cisty” in the Slovak language) is defined as ““a certain
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structural characteristic of an element or compound whereby the material is composed of the
same types of particles arranged in the same way (atoms of one or more elements, ions,
molecules, or molecular complexes) (Klikorka et al., 1989, p. 153). As a result, pupils perceive
tap-water as clean (blank) and then automatically identify it as a chemically pure material, but

it is mixture.

Pupils can develop a negative relationship with chemistry because of chemical equations,
which they acquire through mechanical learning (Veselsky, Hrubiskova, 2009, p. 13-14).
Therefore, education professionals must introduce to the curriculum other ways of identifying
the contents of a solution so that the pupils can acquire the information through meaningful
learning. One simple, graphic method of finding the contents of a solution is the visual
colorimeter, which is an optical, somewhat subjective method that compares color intensity
between a solution of unknown concentration and one that contains a known amount of the

same material, known as a standard (Majer et al., 1989, p. 186).

The mixture or interaction of materials can give rise to mixtures or to new materials.
Mixtures, unlike newly-created materials, can be separated using separation methods such as
filtration using filter paper. In fact, this separation technique is introduced in primary school,
as well as in secondary school and even in university. However, in everyday life and in the
home, pupils encounter completely different approaches to filtration. For this reason, the
method must be enhanced using various filtration materials (grit, sand, foam, newspaper, etc.)
because such means are regularly using in everyday life (sand filters in pools, activated carbon

in aquariums, gravel filters in sewage treatment plants, etc.).

In the same way, as they progress through school, pupils come into contact increasingly

2 13

often with terms like “distillation,” “adsorption,” or “crystallization.” Therefore, it is
appropriate that pupils gain extensive experience with these techniques and understand their
basis. In art or natural science activities at primary or pre-primary levels, pupils can gain
experience with chromographic phenomena. Therefore, it is natural that chromatography,
which is often used to separate materials from a mixture in practice and in the media (criminal

dramas)-found its way into the school curriculum as a method of separating materials.
An attempt at didactic reconstruction of a traditional theme: Mixtures

Many studies have shown that pupils harbor various misconceptions because of the way in
which current natural sciences curriculums are chosen. Therefore, educators must find

sophisticated solutions based on a comprehensive and relatively stable concept of natural
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science literacy that supports an inductive approach to natural sciences education. Wynne
Harlen and Michael Reiss formulated just such an approach in their publication “Big Ideas in
Science Education” (Harlen, 2010, p. 21-23).

The topic of mixtures and their separation falls under a proposition entitled “All
materials around us are composed of very small particles.” Our goal is to break this concept
down into smaller parts and ideas. We addressed the topic of mixtures as follows: “If some
materials interact, they create new materials that have different properties form the original
materials. Other materials mix without permanent change and can be separated again.”
Subsequently, we established a didactic sequence as a series of necessary steps that must be
adhered to so that pupils can learn in a meaningful way.

1. The study of empirical evidence that materials commonly perceived as pure (e.g. water
or air) are mixed materials or solutions.

2. The terminological distinction and classification of heterogeneous mixtures such as
foam, smoke, suspensions, and emulsions, as well as the perception of homogeneous
mixtures (solutions) in a variety of states.

3. The empirical study of the properties of several mixtures, and comparison between these
and chemically pure materials. The stability of physical properties.

4. Determining the contents of a solution. Empirical identification of the contents of a
solution (visual colorimetry, viscosity measurement, etc.)

5. Experimentation using a number of techniques (filtration, distillation, crystallization,

chromatography, adsorption)

Next, we worked this didactic sequence into a number of Inquiry-based Science
Education (IBSE) activities, which take an approach similar to that of scientific research,
although they are accommodated to the age of the pupils. The names of the activities are
connected to everyday life and do not contain specialist terminology, which might put pupils
off:

e Is pure water really pure? (exploring mixtures)

e Isone look enough to discover the contents of a solution? (determining the contents

of solutions using visual colorimetry)

e Which filter is best? (separating the contents of a mixture using separation methods

— filtration)
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e How does activated carbon help with stomach problems? (separating the contents
of a mixture using separation methods — adsorption)
e Detective story: there’s black and then there’s black! (separating the contents of a
mixture using separation methods — chromatography)
Some examples of the IBSE activities at the International Standard Classification of
Education level 2 (ISCED 2)
Created activities for the mixtures topic, which is subject of traditional curriculum at the ISCED
2 level, are in accordance with inquiry-based science education. The activities are generally
available and recognizable. The benefit of this study is based on the fact, that we have
elaborated the activities in such procedures, that are not only interesting, but also manageable
and appropriate for pupils. The study will further describe the activities with the title: “Is pure
water really pure? ” and “Detective story : there’s black and then there’s black!”.

1. Is pure water really pure?

This activity shows that, even though water is a colorless liquid with no taste or smell,
it cannot be classified as a chemically pure material. It may contain various minerals that cannot
be seen with the naked eye and is therefore a mixture.

The pupils work with various types of water-tap water, distilled water, rainwater, and
mineral water (Vincentka, Fatra Extra strong, Rajec still, Miticka sparkling). The basis of this
activity is the method of potentiometry in a very simplified form. Specifically, it comprises the
potentiometric study of several samples of water. To carry out the study, we use equipment that
measures electrical conduction, namely a 4.5 V battery, colored diodes intended for voltages of
3.5V, and elastic bands (Fig. 1).
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Fig. 1. Equipment for measuring electrical conduction. Source: Hosalova, 2017

The pupils then carry out quantitative observations of the diodes’ intensity with a given
sample; they record these observations in their workbooks using a four-point scale (0: no light,
+: weak intensity light, ++: medium intensity light, +++ strong intensity light). We tested this
activity under laboratory conditions and it is possible to clearly distinguish the intensity of the
light and to determine the scores on the given scale. On this basis, the pupils judge which sample
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of water contains the most or least dissolved material (ions), and they arrange the water samples
in order. They then verify their measurements using different techniques. The first is to simply
check the concentration of dissolved material in the water from the label. The second involves
plating 1 ml of each sample onto a polished petri dish and allowing spontaneous evaporation of
the liquid. On the basis of all these experiments, the pupils can arrange the samples in order
from “least dissolved material” to “most dissolved material”. They can then divide the samples
into two groups, chemically pure materials and mixtures.

In this activity, the pupils develop their ability to observe, measure, interpret data, draw
conclusions and generalize, and judge and formulate premises and hypotheses. In addition to
these skills, the pupils strengthen their reading literacy.

2. Detective story: there’s black and then there’s black!

This activity helps the pupils to understand and explain the term “chromatography”. The
activity is designed so that the pupils themselves deduce the basis for this separation technique.
The pupils observe the decomposition of colors (green, brown, black, and red) into their
individual components and discover that some colors are mixtures that can be separated using
chromatography. To carry out this experiment, chalk is used as the stationary phase, water as
the mobile phase, and markers of various colors are dissolved in the water.

The information that the pupils discover using these activities can be used to solve the
following problem: “At the end of the lesson, the teacher found that the results sheet hanging
on the wall had been tampered with. The winner’s name had been crossed out with a black
marker. The teacher found that four of the pupils had black markers. Find which marker was
used to spoil the results sheet.” The pupils should approach the problem by separating the four
markers into their individual components (Fig. 2). They should then cut a small sample from
the results sheet, pick it up using forceps, wet it for a moment, and attach it to the chalk. Next,
they should observe the results and draw a conclusion (Fig. 3). Three of the markers separate
into identical components, while one separates into different components. The paper is
tarnished with a marker that separates into different components. We use filter paper, which

adheres better to the chalk and gives results that are more easily observed.
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sample 1 sample2 sample3 sample 4

Fig. 2. Separation of black markers into their individual components. Source: Hosalova, 2017

Fig. 3. Assessment of the task. Source: Hosalova, 2017

In this activity, the pupils develop their ability to observe, interpret data, draw
conclusions and generalize, judge and formulate premises and hypotheses, and experiment.

All these activities are carried out using worksheets. The pupils’ activities are initiated
by the stimulating situation, which is introduced on the worksheet as “Preparation”. This is
followed by a section entitled “Problem and Creation of Premises” in the form of either
hypotheses or possible explanations. The worksheet continues with a practical task entitled
“Proposed Approach”. The pupils can use various approaches, for example observation,
searching information resources, models, or experiment. At the conclusion of the worksheet
there is a section entitled “Summary”, where the pupils have space to work through their results
and compare them with their hypothesis, as well as summarize their results and construct terms
or explanations. There is also a supplementary task that can be carried out at home or in a school
environment called “Assignment”. These worksheets take the form of a structured
investigation, although the layout of some of the activities could be considered open

investigation.
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The activities created are currently being tested at six Slovak primary schools in the
towns of Pezinok, Sered’, Novaky, Komarno, Kosice, and Poprad and at one 8-year high school
(Trnava).

CONCLUSION

The international PISA evaluations of 2003, 2006, 2009, and 2012 showed that the results of
Slovak pupils are below the OECD average and that the quality of Slovak education is
continuously falling. With regards to the perspective natural sciences curriculum of primary
schools, we believe that certain current scientific terms should be taught more thoroughly (e.g.
adsorption or chromatography), and that activities that allow pupils to develop scientific skills
should be prioritized. One of the reasons for our approach is that the PISA tasks do not require
a broad knowledge of natural science, which that has been emphasized in Slovakia in the past.
Instead, they require that the pupils be able to orient themselves in the kind of data that science,
scientists, and scientific institutions present. Thus, pupils must show literacy in the natural
sciences and skill in scientific work. In this regard, the Slovak education is markedly lacking.
We believe that this situation can be solved by strengthening the experimental and research
activities of the pupils. This would require a change from a deductive to an inductive approach
to the basic structure of individual natural science concepts. Therefore, we think it will be useful
to subject the contents of natural sciences education to a didactic reconstruction. To this end,
we have relied on the previously published concept of Harlen and Reiss (Big Ideas in Science
Education; Harlen, 2010, p. 21-23). In the present study, we have described our starting points
and suggested an inductive approach to one topic. This is currently being tested in schools. We
will present the results in the near future. However, the tests have already revealed that the

activities have a strong motivational potential.
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A DIDACTIC RECONSTRUCTION OF A TRADITIONAL
TOPIC: THE PARTICULATE MODEL OF MATTER

KOCUNOVA Jana, HELD Lubomir

Abstract

This article describes a didactic reconstruction of the particulate model of matter. The
topic is presented to the pupils in the form of inquiry-based science education (IBSE) activities.
In order to design these activities, it was necessary to familiarize ourselves with the historical
development of appropriate notions and to analyze pupils’ misconceptions. The activities
provide space for the pupils’ own inquiry, developing their scientific reasoning skills and
allowing them to construct the particulate model of matter through the inductive approach. We
present some misconceptions about the topic, the steps in our didactic sequence, and a sample
of the IBSE activities.

Key words
Cognitive skills, conceptual change in science, misconceptions, primary school
INTRODUCTION

The particulate nature of matter is an important theory in chemistry. Other areas of chemistry
education are connected to and founded upon this understanding of the microworld. It is
interesting that almost all pupils are familiar with the widespread scientific term “atom.”
However, their conceptions of atoms are insufficient and differ from scientifically accepted
notions. Pupils are familiar with the definition of atoms as the basic particles of matter; they
can describe the composition of the atom and they know the terms “nucleus” and “shell.”

However, they do not use “particulate reasoning” about matter.

Wiener et al. (2017, p. 6), stated that teachers need not immediately speak to pupils in
terms of atoms or subatomic particles when providing an introduction to chemistry. Rather,
they should first introduce “particle systems,” which are composed of particles and which
provide pupils with meaningful knowledge about the particulate nature of matter, without using
the term “atom” to refer to the particles of matter. We believe that this approach can eliminate

some common misconceptions about the particulate nature of matter.

In the first section of the present paper, we provide an overview of pupils’ misconceptions

about the particulate nature of matter that have been described in the literature. The sheer
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number of these misconceptions prompted us to didactically reconstruct the theme of the
particulate nature of matter. In the next section, we present our own proposed steps in a new
didactic sequence; on the basis of these steps, we designed a series of research-oriented
activities. With these activities, we seek to ensure didactic representation for a range of key
ideas within the following thesis: ”All material in the Universe is made from very small

particles” (Harlen, 2010, p. 28; 2015, p. 20).
PUPILS’ MISCONCEPTIONS ABOUT THE PARTICULATE NATURE OF MATTER

Many of the misconceptions that pupils form in this area arise because problems in chemistry
must be conceived on an abstract level. However, this need not necessarily be a barrier to the
pupils’ understanding, since we know that children usually encounter these concepts at an age
when abstract thinking is beginning to develop, according to Piaget’s theory of cognitive
development. Another reason for pupils’ misconceptions is that the particulate nature of matter
involves chemistry at a so-called microscopic level that is quite foreign to the pupils. Children
are more familiar with the macroworld, in which they can observe various phenomena.
However, if we wish to explain some of these phenomena to the pupils, we must pass into the

microworld (Nodzynska, 2012, p. 91), wherein reasoning necessitates abstraction.
Which misconceptions are encountered most often?

e Matter is only composed of particles when we can see them. This misconception
probably arose because pupils understand matter on the basis of the “seeing is believing”
principal (Kind, 2004, p. 9). Pupils do not explain the behavior of matter on the basis of
its particulate nature, and therefore they do not “need” particles and, in turn, do not

believe that they exist.

e Atoms can be seen under a microscope, like dust for example (Griffiths and Preston,
1992, p. 622; Kapici and Akcay, 2016). Other pupils claim that atoms cannot be seen
because protons, neutrons, and electrons are colorless, but this explanation is just

another misconception.

e All or some atoms are alive. Several authors have reported that pupils’
anthropomorphize particles (Griffiths and Preston, 1992, p. 623; Benedikovic¢ova, 2012,

p. 81; Kapici and Akcay, 2016, p. 48). Pupils have an anthropomorphized view of the
world and they believe that atoms are alive. Papageorgiou et al. (2016, p. 476) reported
the following answers of pupils to the question of why atoms are, or could be, alive:
Atoms are the smallest living organism, because cells are composed of atoms. They are
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alive, because they feel and move. During chemical reactions, atoms decide how to bond
and what to bond with. Only the atoms inside living organisms are alive. Atoms from

inanimate matter are not alive.

Matter lacks permanence—when it disappears from view, it ceases to exist. Kind (2004,
p. 7) reported pupils’ perceptions from a number of studies. For example, some pupils
stated that when sugar is stirred into water, it disappears rather than dissolves. Similarly,
some pupils believed that the water level inside a container falls during a sunny day
because the water disappears, and that propane in an open bottle disappears rather than

gvaporates.

Particles have the same properties as their respective material. Some pupils claim that
the properties of particles reflect those of the material they are a part of, and they ascribe
macroscopic properties to particles. For example, because iron occurs in a solid state,
its particles must be solid; when the iron turns to a liquid, its particles are also liquid
(Papageorgiou et al., 2016, p. 476). Kapici and Akcay (2016, p. 49) reported that some
pupils claim particles of solid mercury have a different shape from particles of liquid
mercury. In another study, some pupils believed that, when matter expands due to heat,
its particles also expand or increase in number; conversely, others claimed that, when a
material contracts due to cooling, its particles also contract or decrease in number
(Ozmen, 2011, p. 104).

The properties of a material remain, even though the material disappears. Some pupils
think that matter disappears, but that its taste or smell remains (Kind, 2004, p. 7). For
example, they believe that sugar disappears in water, but that its sweetness remains
behind in the sweet water, and that the smell of propane remains, even though the
material has disappeared.

Although particles are separate entities, the space between them is filled and matter is
continuous. It is difficult for pupils to imagine that the space between particles is empty.
They intuitively fill it with, for example, dust, other particles, air, dirt, or liquid (Novick
and Nussbaum, 1978, p. 276). Others think that there is no empty space between
particles, because particles are placed very close together in, for example, solid
materials (Aydn et al., 2013, p. 108), so no space is completely empty. Pupils tend to

prefer a continuous view of matter. We wish to add that, in a similar way, some pupils
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claim that particles are found in matter (like raisins in a bun), and not that matter consists

of particles.

The particles of a material are not in motion, but stationary. Some pupils fail to ascribe
diffusion to the random motion of particles, and they fail to invoke the motion of gas
particles to explain why gas in a tank does not fall to the bottom (Novick and Nussbaum,
1978, p. 277). Other pupils do not believe that the particles of a solid move; they claim
that the particles are stationary. We think that they come to this false conclusion because
the particles of a solid are close together and pupils therefore believe that there is no

space for movement.

The atom is a ball. Some pupils imagine an atom as a ball with something inside, or as
a collection of balls or similar (Griffiths and Preston, 1992, p. 621). In our opinion, this
misconception is caused by illustrations in textbooks. Wiener et al. (2017, p. 6) also
emphasized that graphic representations of particles should use images that minimize
the formation of misconceptions that compare atoms to commonly used balls. Some

pupils imagine particles of a solid as little crystals, dots, or squares.

There is no difference between atoms, molecules, and ions. Pupils do not differentiate
the hierarchy in these terms and they consider them synonyms (Papageorgiou et al.,
2016, p. 476). Some claim that all atoms have the same size and mass (Griffiths and
Preston, 1992, p. 622) and that all matter is composed of the same atoms without
distinguishing molecules in, for example, water, or ions in salt (Benedikovicova, 2012,
p. 81).

What methods can be used to avoid these misconceptions?

Kind (2004, p. 13) asserted that pupils must be given time, and that the particulate nature of

matter should be incorporated into other topics. Furthermore, pupils should work with notional

models of matter (Snir et al., 2003, p. 802), which can help them to explain abstract phenomena

and to connect the macroscopic, symbolic, and microscopic levels of thinking.

A DIDACTIC RECONSTRUCTION OF THE PARTICULATE NATURE OF MATTER
TOPIC AND THE STEPS IN A NECESSARY DIDACTIC SEQUENCE

This large number of misconceptions prompted us to carry out a didactic reconstruction of this

demanding theme in chemistry education. It has recently transpired that a superficial
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understanding of this demanding problem inhibits the meaningful adaptation of other chemical
terms and thus prevents opportunities for developing competency within the scientific field. In
the present paper, the term “didactic reconstruction” is used to mean a three-step algorithm of
pedagogical research comprising a description of children’s mental images, an exploration of
the development of these images in the context of science, and the construction and iterative
optimization of a didactic model (Jelemenska et al., 2003, p. 190-198). The didactic model is
explicated in a series of steps (a didactic sequence), that are necessary if pupils are to experience
meaningful learning. Each of the steps in the didactic sequence is connected to the pupils’
activity. Although we consider the didactic sequence as constituting the necessary steps, the
activities can vary. Into our didactic sequence, we incorporated steps that should strengthen
pupils’ acquisition of fundamental terms and contribute to their development of competence in

the field of science.

1. The study of empirical evidence that matter is composed of particles. Experimentation
and observation of various macroworld materials helps pupils to create a basic notion
about the particulate nature of matter—the microworld. For instance, the notion that
particles are so small as to be invisible, but that they also move. Subsequently, by
observing the properties of the same materials, or those of different materials, pupils
can understand that the particles of a given pure material are the same, and that those of
other materials are different.

2. Exploration of the motion of particles in a material and the approximate average speed
of this motion, which changes depending on various factors such as particle size and

temperature.

3. The space between the particles of a material, and the unconnected nature of particles.
Modeling of gaseous, liquid, and solid materials, whose particles differ in their ratios of
repulsive and attractive forces, and of the distance between particles, which differs in

every material.

4. A demonstration of Avogadro’s law using the same volume of various gases; that is,
gases with different particulate components under the same conditions of temperature

and pressure.

The activities described below follow these steps in the didactic sequence and allow
teachers to didactically illustrate the thesis that “all material in the Universe is made from very

small particles.” We endeavor to connect the basic terms with the ideas of this key thesis.
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INQUIRY-BASED SCIENCE EDUCATION IN THE CONTEXT OF THE
PARTICULATE NATURE OF MATTER

Inquiry-based science education (IBSE) is inspired by progressions in scientific research. IBSE
preserves scientific progression and only accommodates the needs of pupils by posing simple
research questions (Held et al. 2011, p. 86). Pupils begin their investigations by attempting to
explain certain facts using the mental models that they have. Subsequently, in parallel with
scientific progress, they provide an explanation, which they then compare with given
assumptions. In this way, IBSE adopts a constructivist approach to education, and the activities
we propose have a markedly inductive character. Specifically, we have created a series of IBSE
activities in which the pupils act as investigators. They do not accept the information as fact;
rather, the inductively designed activities lead them to construct their own particulate model of
matter. The activities are focused on developing various scientific skills, such as observation,
measurement, and recording of changes. Specifically, we offer the following series of activities

so that pupils can construct their own notions about the particulate nature of matter:

e Searching for atoms — empirical evidence for the particulate nature of matter and the

movement of particles
e Crystal or quartz — comparing the particulate nature of the same and different materials
e What can a porous ceramic container do? — the motion of particles

e What influences the speed of microparticle motion? — the size of particles and their

speed of movement.

e Does temperature also affect the speed of particle motion? — temperature and the speed

of particle motion

e Do you understand the words “discontinual nature of matter”? — the space between the

particles of matter
e Model a gas, a liquid, and a solid. — models of matter

o The enigma of Avogadro’s hypothesis — demonstrating the falsification of Avogadro’s

law

Pupils first encounter the particulate nature of matter at the level of the macroworld
through the materials they are working with. They then gradually move from researching

material to researching the particles of material. By themselves, pupils construct notions of
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particles that are similar to the conceptions of Democritus. It is not important to create the
notion that matter is composed of little balls; instead, teachers should focus on the idea that
materials are discontinuous. Pupils induce the particulate nature of matter; they then investigate
the motion of particles and factors that influence it, such as particle size and temperature. It is
also important that pupils create models of solids, liquids, and gases that help them to explain
phenomena that take place at the microlevel, such as the forces and distances between particles.
Pupils switch between macroscopic observations and microscopic explanations for those
observations. At the end of the series of activities, the pupils’ will search for the enigma of
Avogadro’s hypothesis and then unsuccessfully attempt to refute it. This leads the pupils to a
more precise notion of gaseous matter as a premise for later conceptions of the ideal gas.

Several of the activities that we have described are not new for experts in science
education. For example, they can be found in the program “FAST 2” (Pottenger et al., 1977, p.
50), and our experiments with porous vessels are well-known in the didactic literature
(Pachmann and Hofmann, 1981, p. 211; Paukové et al. 1971, p. 167).

Of course, we have reworked and improved the activities so that they do not require
complicated props and can be carried out under the simplest of conditions; that is, in classrooms
rather than in laboratories. We have created a meaningful series of activities by arranging into
a single series a number of tasks that were previously introduced independently (Held, 20144,
p. 55; 2014b, p. 117; 2016, p. 89; 2017, p. 1718-1722). When preparing these activities for
instruction in primary schools, we optimized and improved some of the props. For example, we
use injection needles in a syringe system, which allows us to carry out a well-known experiment
in primary schools, because the time required for the movement of a given volume of gas into
a vacuum can be measured in seconds using a stopwatch. In addition, we simplified the

technical work with porous containers so that even pupils can conduct the experiment easily.
Testing of the activities and preliminary results

The proposed IBSE activities are currently being tested in seven Slovak pilot schools as part of
the Expedicia project — try, explore, learn — which is overseen by Indicia n. 0. The results of
these tests will be known one year from now. The preliminary results indicate that teachers take
various approaches to research-oriented learning about the particulate nature of matter. Some
have stated that the activities are beyond their experience and therefore problematic.
Conversely, pupils have a problem switching from the macro to the microworld and
concentrating on phenomena that take place in the latter. In our work with gas, we assumed that
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pupils of a certain age already perceive gas as a material, but it transpired that they have a
problem with this idea. Some teachers are gradually gaining the necessary skills to implement
this kind of instruction and are trying to create an environment in which pupils can develop
their investigative skills in order to create their own particulate model of matter. Another group
of teachers adheres well to our experimental methods, but have less expertise in the subject
matter and therefore cannot effectively lead the instruction process. A third group of teachers
implements the activities well, but cannot come to terms with the planned goals of the
instruction and fail to see the point of the topic. We carried out a test of the pupils’ knowledge
of these materials; in the first preliminary test, pupils failed to show excellent knowledge in the
respective field. However, our continuous observations indicate that, when the activities are

well-led by teachers, pupils have increased interest and greater independence.
CONCLUSION

The study of the particulate nature of matter requires time and suitable teaching methods that
allow pupils to construct scientific concepts. One of these methods is constructivist-oriented
teaching, which, unfortunately, is rarely implemented. Therefore, a fundamental change is

necessary in the interaction between teachers and pupils.

This study aimed to reveal the various misconceptions that pupils have about the
particulate nature of matter so that our readers could become familiar with pupils’ reasoning in
this area of chemistry and think about whether their methods of teaching encourage these
misconceptions. Secondly, we aimed to inform our readers how to didactically reconstruct the

theme of the particulate nature of matter using a set of activities that are currently being tested.

We are convinced that it is necessary to implement research-oriented concepts in science
education, because such an approach “forbids” pupils from perceiving things incorrectly. We
try to show teachers that IBSE activities allow pupils to gain meaningful knowledge rather than
simply accept facts, which can cause certain misconceptions to arise. We believe that our tests
of these didactic concepts will confirm our assumptions and that the present study will inform
teachers how to construct the theme of the particulate nature of matter in future.
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MONITORING IBSE ACTIVITIES EFFECTIVENESS BY
THE MEANS OF CONCEPT MAPPING IN THE TOPIC OF
PERIODIC LAW

BRONERSKA Jana

Abstract

Educational material with IBSE activities has been created dealing with the concept of
the periodic law and it has been implemented in real school conditions. This conception is

focused on pupils” activity and their skills.

The first group of pupils was taught by traditional deductive approach and the second
group by inductive approach. Afterwards, the pupils” views of periodic law were studied by
means of concept mapping. The obtained concept maps undergone qualitative analysis at later

stage.

In this article we present the differences in pupils” ideas about periodic law after being

taught inductively and deductively.

Key words

Inquiry-based teaching, concept mapping, misconceptions, knowledge construction
INTRODUCTION

The goal of science didactics is to mediate science knowledge simply, comprehensibly and age-
adequately to pupils. Scientific knowledge are abstract and the simplification of some concept
can be illogical for pupils and they usually learn it ofthand (Cap, Mares, 2001). It can be one
of the reason for creation some misconceptions. Misconceptions are not a problem only for
today’s students, but it was problem for many scientists in the past (for example The Phlogiston
Theory), who denied new findings. Getting to know pupils' misconceptions is great source for

creation new effective teaching methods and materials.

Chemistry as a science gains its knowledge from 3 different levels of recognizing the
outer world (Fig.1). The easiest level from the perspective of learning is macroscopic level.
Those are the concepts which we can recognize by our senses. However, if we look into our
current teaching-learning materials, it’s obvious, that chemistry education is based on symbolic
and microscopic level, which is the most difficult level of learning and it causes incorrect

understanding of chemical concepts. (Gabel, 1999).
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»Macro*“: what can be
seen, touched and smelled

»Symbolic®: symbols,

LMicro“: atoms, formulae,  equations,
ions, molecules, tables and graphs,
chemical structures molarities

Figure 1 ,,Chemical Triangle” according to Johnstone (1991)
Scientists, who knows their subject well, and are lets say fully educated in Chemistry or

Science, are able to connect the concepts at all 3 levels. However, from psychological point of
view, achieving this in students, who meet the new concept for the first time in life, is not
possible. Gabel points out, that teachers tend to jump from macroscopic point of view to
symbolic level quite radically. The problem here does not come from the base that Chemistry
has 3 levels of the concept perception. But it arises from the fact, that the very start of the
learning about any chemical concept is being introduced at the most abstract level - the symbolic
level. Barke and Hazari remind us that this is the reason how children build up the
misconceptions. They emphasize, that many misconceptions, are so called school-made
misconceptions. It means that they are caused by incorporating the inappropriate teaching
methods (Barke, H. D., Hazari, A., Yitbarek, S., 2009).

Yet, the historical ‘evolution’ of science concepts being observed, perceived and explained
over time, leading to our understanding them today, can be a great source of how to teach
students the new science concepts. As the science concepts were defined on the basis of
empirical research in the past, the inductive approach towards education can be used to repeat

this science 'evolution' process.

The main difference between inductive and deductive approach is its orientation towards
teacher or pupil. The deductive approach is oriented towards teacher. It means teacher is more
active in lessons. It can be defined by these steps: 1. teacher gives students new concept, 2. he
explains it 3. students use this concept in practice. The traditional education prefers this process

and this transmission of information.

219



However, inductive approach utilizes the other way around; students are noticing or
finding new phenomenon (for students) and then generalize these findings to create new
concepts. The inquiry based science education prefers this process of students” inquiry activity.

DESIGN OF RESEARCH

We used two methods to obtain misconceptions about the studied concept: firstly, individual
deep conversation and secondly, concept mapping. The latter concept mapping has been
introduced by Novak and Gowin (1984), who were interested into human learning process and
knowledge construction. They built up their approach on Ausubel cognitive psychology. This
theory says that learning process is based on assimilation of new concepts into cognitive
structure of an individual. According to various authors the concept map is graphical tool, which
helps to visualize knowledge by means of drawn relations (Cafias et. al., 2005, Proksa et al.,
2008). The structure of the concept map depends on the context in which it is created. Therefore,
the concept maps with the same concepts can vary significantly (Novak, Cafias, 2008). Concept
maps allow us to see students' thoughts structure and afterwards identify the problematic

concepts and misconceptions.

Before creating concept maps about the periodic law, it has been shown to pupil how to
create a concept map. Firstly, the researcher helped students to create a concept map of
photosynthesis. The second concept map they also created together. It contained chemical
concepts as solution, solvent, homogeneous and heterogeneous mixture, melted substance,
solid, liquid and gaseous solution. After, it has been compared and discussed with all pupils.
The third concept map created pupils individually. The instruction given to pupils was: Create
a concept map from the following words and describe relations between the pairs of words:
atom, metals, non-metals, metalloids, atomic number, similar properties, element, periods,
groups, periodic table of elements, valence shell, number of valence electrons. Concepts used
in the concept mapping method represented macroscopic level of chemistry knowledge (metals,
non-metals, metalloids, similar properties, and element), microscopic level (number of valence
electrons, valence shell, and atom) and symbolic level (atomic number, periods, groups,

periodic table of elements).

The research of students” ideas in topic the periodic law by means of concept maps was
realized in two phases. In the first phase students” problematic concepts and misconceptions
were identified. 84 students, who were taught by traditional deductive approach, participated
and they created concept maps. The concept map is meaningful, when all two words are
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described by relations. If the relations are not identified, the concept map can’t expresses the
complete mind structure of pupils. For that reason 10 concept maps were not accepted and only
74 concept maps undergone qualitative analysis which resulted into identification of students”

misconceptions in the topic of periodic law.

Afterwards, the teaching material has been designed on a base of Inquiry-based science
education, which incorporated also the misconceptions found in the previous stage of research
- concept mapping described above. The topic of periodic law has been taught for five lessons
in these five topics: The inquiring of elements” properties I, The inquiring of elements’
properties 11, What are the properties of other elements? From the mess to the system, The table

of elements is a table of atoms too.

The second group of the other students was taught by this teaching material too. After
these 5 lessons they created their own concept maps from the same concepts as the first group.
In this second phase 161 pupils were the research sample and their concept maps undergone
qualitative analysis. The result of research compares the concept maps created in first stage
before introducing IBSE teaching material and the concept maps created after the IBSE material
has been used to teach the students about the periodic law. Based on the results we also try to

assess the effectiveness of IBSE activities in periodic law topic.
MISCONCEPTIONS ABOUT PERIODIC LAW

The aim of the analysis was to find out, how the students interconnect the concepts on the
different levels of recognition and how they understand them in relation to the periodic table of
elements. By means of qualitative analysis of the concept maps and relation in between the
concepts we realized some typical ways of connecting of concepts and different interpretations

between them.
* Not clear relation between atom and element

Periodic table reflects periodicity of properties of elements in macroscopic level of
perception, but also reflects the periodicity of the inner structure of atoms of elements. Students
are able to observe the properties of elements on sensorimotor level - macroscopic. Properties
of atoms, however, depend on its structure, which is not obvious to students” senses. That is
why it is very important to distinguish between atom and element concept. Approximately 24
% of students connected these two concepts on the same level and indicated the ‘element to be

an atom'. This relation is depicted in the concept map of one of the pupils (Fig. 2).
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Figure 2 Incorrect understanding of the relation between the concepts atom and element.

 Not understanding of the arrangement of elements into groups and periods on the

base of inner structure of atoms of elements

The aim of education in the topic of periodic law is to know the arrangement of periodic
table of elements on the base of the inner structure of atoms of elements. With this comes also
understanding and interconnection of the set graphical layout with the inner structure of atoms
of elements. Based on qualitative analysis of the concept maps prior to the IBSE approach used,

72 % of concept maps shows that this aim hasn't been fulfilled.
 Metals, metalloid and non-metals are elements with similar properties

In all concept maps the students showed that they realized that the groups of the periodic
table of elements are metals, metalloids and non-metals. In 28 % of concept maps there was an
interconnection with similar properties, or metals and metalloids as elements with similar
properties. In 56 % of concept maps there wasn't interconnection between similar properties
with the layout of the periodic table of elements. In figure 3 there is a concept map of a student,

which shows that student consider all 3 groups of elements to be similar.
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Figure 3 The concepts group and period are not interconnected with inner structure of atoms. Metals, metalloids
and non-metals have similar properties.

IBSE ACTIVITIES

An important part of chemical education is periodic law and therefore it’s very natural that
many researchers are dealing with the inductive and deductive approaches and methods when
it comes to teaching. IBSE is a conception of education which utilizes inductive approach to

knowledge gaining.

We obtained the overview of the scientific evolution of system of elements by means of
the didactic reconstruction method. Copying this historical process of discovery is inductive
way of gaining the knowledge and we utilized this approach when creating the teaching-
learning material. During the lessons students examine the properties of elements on their own.

From their observations they conclude the periodicity in the similarities of the elements.

The design of the lessons aimed at building up the knowledge on the macroscopic level,
which naturally interconnected with symbolic level, i.e. creating of periodic system of elements.
Only after interconnection of those two levels, we switched to the most difficult level
(microscopic). This logical process creating of knowledge on different levels might be the way,
how the students gain complex view at periodic system of elements, moreover be able to
presuppose the properties of elements on the macroscopic level and microscopic level from the

position of the element in the periodic table.
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Design of teaching-learning material

An important part of chemical education is periodic law and therefore it’s very natural that
many researchers are dealing with the inductive and deductive approaches and methods when

it comes to teaching.

On the basis of the found misconceptions we created teaching-learning material, which
consists of 5 lessons. During the first two lessons students examined the properties of selected
elements and then they wrote their observations on prepared cards. On the third lesson they
were looking up the properties of elements in prepared brochure. On the following lesson
students created the system of elements from the cards, which they have prepared in the first 2
lessons. They were taking into consideration several different ways of ordering the elements.
On the final lesson students had cards, on which opposite side there were depicted the inner
structures of atoms of elements. The aim was to find out if there was any relation between the
order of the elements and the inner structures of atoms of elements. As a result they found out

that the periodic system of elements is the system of atoms too.
RESULTS OF RESEARCH

9-12 weeks after using the IBSE teaching-learning material, the second concept mapping took
place, which aimed at effectiveness evaluation of the IBSE activities. We paid attention
especially on the misconceptions, which were found in the first concept mapping, before using
IBSE material.

« connection: relation between atom and element concept

Summarizing up, in the first two graphs, which resulted from the first concept mapping
before using IBSE activities, we can see that 24 % of students said, that atom is element. After
IBSE lessons, in the second concept mapping, this misconception reduced to 18 %.

« connection: graphical layout of periodic table of elements (groups and periods) is
interconnected with the inner structure of atoms of elements (valence shell,

number of valence electrons);

From the graphs, it is clear, that the IBSE activities were most influential in the area of
interconnection the concepts from symbolic level (periods and groups) with the concepts from
microscopic level (valence shell and number of valence electrons). After introducing the IBSE
teaching-learning model, 64 % of students created correct relations in between those concepts.

Whereas, before using IBSE model, this number barely reached 18 %.
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« connection: true using of the concept similar properties

The data from the first concept mapping, before using IBSE approach, brought the information,
that 56 % of students incorrectly connected the concept similar properties with the other
concepts. At that stage, students haven't realized that similar properties of elements are the basis
for creating the periodic system of elements. Moreover, 28 % of students stated, that metals,
metalloids and non-metals have similar properties or metals and metalloids have similar
properties. This relation was confirmed by pupils” answers. If pupil connected the concept
similar properties with groups (metals, non-metals and metalloids or metals and metalloids) we
asked pupils the explanation of this connection. The explanation was that these three or two
groups are similar. However, after IBSE teaching approach, 58 % of students bearded this fact
in mind and connected this concept with periodic system of elements and groups.

1. connection 2. connection 3. connection

100%

ETRUE m®mFALSE

Graph 1 Results of the first concept mapping

100%

- . .
0%
1. connection 2. connection 3. commnection

ETRUE ®TFALSE

Graph 2 Results of the second concept mapping

Concept map in figure 4 is one of several concept maps from the students who created

them after IBSE lessons with topic periodic law.
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Figure 4 Student's concept map after IBSE approach took place
CONCLUSION

Teaching-learning process, which utilizes IBSE activities, is based on inductive approach to
knowledge gaining. If the students research and make their own conclusions, the lessons are

effective and the students obtain long-term knowledge.

The research into students’ misconceptions in the topic of periodic law brought the
conclusion that after introducing the periodic law concept using the inductive approach,
students gained deeper knowledge and were able to interconnect the concepts in concept maps
logically. They realized the relation of the concepts at the different levels of knowledge and
understood the construction of periodic law, because students 'discovered' this system on their
own during the lessons. The misconceptions were present in these students less than in the
students who were taught by traditional, mainly deductive methods. The results of concept
mapping shows, that the inductive teaching-learning process is more effective than the
deductive teaching-learning process.
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EDUCATIONAL PROJECT - WHAT IS HIDDEN INSIDE
THE FISH?

KOPEK-PUTAEtA Wioleta, NODZYNSKA Matgorzata

Abstract

This document presents the implementation of classes having the nature of an educational
project and involving 17 children taking part in the activities of the Explorers Club. As part of
the classes, students studied selected issues within natural sciences subjects, including biology,
and completed an educational project whose topic was: What is hidden inside the fish? The
article specifies the main project objectives and its outline. In addition, it presents the analysis
of the research questionnaire (pre-test and post-test) and the evaluation questionnaire. In the
pre-test and post-test, the increase in the students’ knowledge was examined, and the evaluation

questionnaire was used to obtain the participants’ opinions on the project implementation.
Key words
Cognitive Development, Cognitive Skills, Learning by Design, Project based Learning
INTRODUCTION

Post-mortem examinations of animals are perceived as a quite controversial aspect of the
practical teaching of biology (e.g. Hug, 2008; Havlickova, Bilek, 2015). For this reason, few
teachers implement the topic in class. However, there are schools that perform practical
specimen dissection (e.g. Florek, Sciborska, 2016). Sometimes this topic is implemented in a
practical way, for instance, in the special-interest clubs, and in biology class, it is replaced by
other alternative methods (e.g. screening of a film or animation, seeing an already dissected
model). With the development of information and communication technology, another
alternative also emerged — the virtual post-mortem examination (Dolezych, B., Dolezych, S.,
2017) or the use of the combination of the post-mortem examination and the alternative method
(Cross, T. R., Cross, V. E., 2004, Havlickova, Bilek, 2015). The results of some studies indicate
that teachers identify strengths and drawbacks to both dissection and alternatives, but the
majority continue to strongly favour traditional dissection and see it as vital to biology
education (Oakley, 2012). Not many people realize that in the kitchen, some of these treatments
are a common activity, which does not create controversy. Most empirical studies indicate that
practical work is beneficial for students’ motivation (Holsternmann et. all, 2010; Wilde et. all,

2012; Janstova, 2017). Therefore, it was decided to check whether the dissection of fish
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skeleton by the students and preparing it as a museum model would positively influence the

increase in students’ knowledge — this was a research hypothesis.

Selected project objectives for the student. As part of the project, the student should,

among others:

- consolidate selected information regarding the morphological and anatomical structure

of the fish and identify and label selected structure elements on the model,

- find and acquire basic information as well as gain practical skills regarding the
dissection of fish skeleton, develop creative and critical thinking skills, among others by

observing the specimen and making a maquette with the dissected fish skeleton.
Selected project objectives for the teacher:

- eliciting information from students about whether they eat fish, and whether they pay

attention to its structure (morphological and anatomical) and the relationships resulting from it,

- getting an answer to the question whether the self-made maquette will help to organize

selected information about fish,

- arousing or sustaining interest in natural sciences subjects (especially biology) and the

surrounding world among students.
Project outline: Step 1 Selection of the educational project topic

Discussion on areas of interest of students in the field of biology and the selection of
issues discussed during the block of these classes, including those implemented by the project.

Step 2 Definition of the project objectives and stages

Joint planning by students and teachers regarding the goals students would like to achieve,
necessary project stages for its successful implementation, and people to whom the effects of
the work will be presented.

Step 3 Checking the level of knowledge before starting the task

Taking a pre-test checking the already possessed knowledge about the number and type
of fins, body color, known species and location of the fish skeleton and individual bones in the
skeleton.

Step 4 Searching for information and performing scheduled activities
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Searching for the theoretical information necessary for work on the project and joint
planning of the course of action according to which the dissection will be performed. The search
for information about fish includes: general information about fish, techniques used to dissect
fish skeleton, necessary tools and protective clothing, and a way of making a permanent
maquette of a specimen. Then, getting into 2 or 3-person teams and completing the task.
Finishing the dissection is followed by making the maquette, permanent placement of the
convex fish skeleton according to the individual ideas of each group and labeling the dissected

elements.

Step 5 Checking the level of knowledge after performing the task and project

evaluation

Taking a post-test and filling in the evaluation questionnaire regarding feedback on
classes. The post-test contains questions which the participants first answer in the pre-test, the
evaluation sheet contains questions about: how interesting the project classes are, the degree of
difficulty and the willingness to participate in another similar project. In addition, there is a
brief exchange of participants' views on the degree of difficulty of the task and why it is worth

learning about some biological objects in the natural form.
Step 6 Public presentation of the educational project results

Presenting the work results to the parents, teachers and students in the school. Presenting
the photo gallery of the received specimens in the center in which the classes are conducted.

af

Ao

Fig 1. Exemplary fish maquettes

RESEARCH METHODS, RESULTS

This article presents an analysis of the results of a research questionnaire on the
experimental studies, in which the dependent variable was the increase of knowledge. During
the analysis of the results, various measuring scales were used depending on the content of the

question.

230



As part of Question 1, the students were supposed to draw the skeleton of a fish into its
schematic drawing. To assess the correctness of pre-test and post-test answers, the nominal
scale (and, in fact, dichotomous: YES/NO) was used, comparing whether the drawing after the
dissection of the fish contained more details than the first one. (This is due to the fact that the
initial knowledge of students was varied and the initial drawings of individual students differed
significantly). Questions 2-4 concerned the number of fins, the division of fins into odd and
even, and the place of occurrence of dark meat in the fish. In the analysis of the answers to these
questions, an ordinal scale was used to rank students' responses according to the category of
answer: wrong (no answer, ‘I do not know’, incorrect answer), partially correct and correct.
Question 5 checked how many names of different fish species are known by students — an
interval scale was used in this question. The article also discusses the results of a short
evaluation questionnaire on students’ opinions about the classes and shows the final effect of

students’ work in this project — a maquette with the dissected specimens.
- Increase in knowledge

Question 1: The shape of the trout is schematically drawn below, draw the skeleton
inside the fish. Try to mark all the fish bones.

The drawings in the pre-test were mostly chaotic and not very precise, missing some
bones or skeleton of the fins, or there were no drawings at all (4 people). Whereas, all students
completed this task in the post-test. Drawings (schematic) definitely more accurately reflected
the general outline of the skeleton, sometimes with the marking of the correct shape of the bones
(their convex shape and direction). Drawings made were more detailed; there appeared the tail
fin skeletons drawn correctly, and often the skeletons of other fins (Tab. 1). A large number of
bones in some drawings may result from the accuracy of the preparation. Commitment in the
preparation could lead to the feeling of being overstated to the actual amount of bones as seen

in some drawings.
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Tab 1. Exemplary skeleton drawings drawn by students in the pre-test and post-test (own elaboration)

Test/Student 1 2 3

Pre-test

Post-test

Comparing the pre-test drawings of individual students with their post-test drawings, a
significant increase in knowledge regarding the structure of the fish skeleton and the
distribution of individual bones can be noticed. It can therefore be concluded that the fish
dissection significantly contributed to the extension of knowledge regarding the structure of the
fish skeleton in all students. What resulted from conversations conducted during classes with
students who could not draw a fish skeleton was that their whole life they had been eating fish
with their bones — however, they still did not know how to draw a skeleton. Only after the
dissection classes, when they had to focus on individual elements of the skeleton or fins, did
they gain knowledge about the structure of the fish. This example shows how the action or
observation (when eating fish) not directed by the teacher may not become a source of

knowledge.
Question 2: How many fins does the fish have?

In the pre-test, 16 students answered the question incorrectly. One student wrote "1 do not
know" and 13 students gave an incorrect answer (among who probably 7 students counted the
fins shown in the figure in question 1). Only 1 person gave the correct answer. In the post-test,
7 students gave an incorrect answer (probably 4 students counted the fins shown in the figure
in question 1, and 1 student did not answer the question). The number of wrong answers
declined significantly and, at the same time, the number of correct answers increased (10) (Fig.
2).
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Fig. 2. Summary of answers to question 2 (own elaboration)

It can therefore be concluded that the dissection of the fish skeleton and the making of
the maquette significantly contributed to the increase in students' knowledge regarding the

number of fins in the fish.
Question 3: Divide the names of the fins into even and odd?

Answering the question about the even fins in the pre-test, most students did not give any
answer (9 students) or answered "I do not know" (3 students). One of the students gave an
incorrect answer (giving the name of the odd fin). The answers of 3 students were considered
partially correct (they contained the statement that these are pectoral fins or, apart from those
listed as even, also an odd one). Only 1 student correctly listed even fins. Whereas, in the post-
test, 11 students gave a full correct answer, 2 students gave incomplete answers (because in
addition to the listed even fins, there was also an odd one or only the pelvic fins were listed), 3

students did not give any answer and 1 student gave an incorrect answer (Tab. 2).

Analogous results were obtained in the case of the question about odd fins. In the pre-
test, 9 students did not answer this question, 1 student wrote "I do not know" and 1 student
wrote "this small one", which was also considered incorrect. The answers of 6 students were
considered partially correct (despite being correct, they were not complete or contained a
statement that these are not pectoral fins). After the dissection of the skeleton, the most
frequently provided answers were partially correct (7 students) or completely correct (6
students). The partially correct answers included those which, despite their correctness, were
not complete answers. Only 3 students did not answer this question and 1 student answered

incorrectly (they listed pelvic, ventral and adipose fins as the odd fins) (Tab. 2).
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Tab 2. Summary of answers to question 3 (own elaboration)

Names of the fins | Test/Answer | Incorrect | Partially correct | Correct

Even Pre-test 13 3 1
Post-test 4 2 11

Odd Pre-test 11 6 0
Post-test 4 7 6

Therefore, it can be concluded that in the case of the even fins, the vast majority of
students achieved success and remembered their names and number, whereas in the case of the
odd fins, the success was only partial. This may be due to the fact that there are more types of

odd fins to remember compared with the even ones.

Question 4 in the pre-test was: Why do you think the fish has a darker color in some
places?, while in the post-test the question was: In which places does the fish meat have a darker
color? Why is it like that?

It turned out that the students did not notice the color of meat during the dissection. Both
in the pre-test and post-test, most often students did not answer the question (10 students in the
pre-test and 8 students in the post-test). However, in the post-test, there is a noticeable decrease
in the number of incorrect answers, an increase in partially correct answers and even one correct
answer. Partially correct answers included incomplete answers (they only indicated the place
and did not explain the reason) (Tab. 3).

Tab 3. Summary of answers to question 4 (own elaboration)

Test/Answer Incorrect Partially correct Correct
Pre-test 16 1 0
Post-test 11 5 1

Question 5 Give the names of other fish you know. Comparing the obtained data (Tab.
4), an increase in the number of listed fish can be seen. Before classes, students listed on average

3-4 fish species and after classes 5 species.
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Tab 4. Summary of answers to question 5 (own elaboration)

Test/ Answer 0 1-2 3-4 5-9 >10
Pre-test 1 5 3 6 2
Post-test 2 1 5 5 4

Although during the classes the teachers did not mention fish names, the number of
mentioned species increased. This is a side effect of the project; looking for information about
fish dissection, the number of fins and their distribution in different species, and talking about
skeleton dissection and fish which like and do not like to eat, the students incidentally expanded
their knowledge of fish names. It is sometimes difficult to assess what additional information
the students will learn in the project; extending the number of known fish by the students was

not the intended goal of the project.
- Evaluation questionnaire regarding students' opinions about classes

In the questionnaire evaluating the classes, the students were asked 3 closed-ended

questions:
1B. The classes were: very interesting/interesting/not very interesting/uninteresting
2B. The classes were: difficult/quite difficult/easy
3B. I would like to/I would not like to gut fish: watch its guts, heart, gills ...

In the answer sheet to Question 1B, a 5-point Likert scale was used, removing the lowest
point from it: very uninteresting due to the fact that the topic of the project was proposed by the
participants and considered by them to be interesting. Most of the students considered work in
the project as very interesting (11 students) or interesting (2 students). 2 students did not like
the classes related to the dissection of the specimen, the same number of students did not answer
this question. Therefore, it can be concluded that the classes met the expectations of the majority

of students.

Question 2B The answer sheet had a 3-point scale. 7 students found the classes quite
difficult and 5 students found them difficult. 3 students considered them easy and 2 students
did not answer this question. It seems that the students' answers reflect the actual level of
difficulty they faced during the classes. Dissecting the skeleton required precision and attention,

and creating a 3D model from it required ingenuity.
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Question 3B The answer sheet included 2 types of answers. Similarly to the first question
(in which 11 students considered the classes very interesting), the vast majority of students (10)
would like to carry out the dissection of some other specimen and 4 people would not like to
do it. 3 students did not answer this question. It can therefore be concluded that the dissection
of the skeleton is not an activity for all students; however, the vast majority of them do not mind

such activities and would be happy to participate in them in the future.

There is a weak correlation (Spearman correlation = 0.176) between whether the students
were interested in the execution of the section (question 1B) and the acknowledgment by them
that independent performance of the section is difficult (question 2B). This is due to the fact
that students interested in making the section - carefully and accurately prepared the skeleton
of the fish. And their models were very carefully and accurately described. Therefore, it took
them a lot of time and effort. Students not interested in the subject worked inaccurately and
carelessly. It did not take them a long time to complete the model. However, there is a strong
correlation (Spearman's correlation = 0.864) between the answer to question 1B and 3B - which
IS quite obvious - children who wanted this type of activity fulfilled their dreams. In contrast,
there was no correlation (Spearman correlation = 0) between the difficulty of the course and the

satisfaction of students.
DISCUSSION

- Knowledge tests. The increase in knowledge between the pre-test and post-test in
questions 1 to 3 shows that by dissecting fish skeleton and making the model, students can
extend their knowledge regarding the structure of the fish skeleton and the number and names
of fins. Particularly noteworthy is question 1 —among people who had not drawn the skeleton
in the pre-test, there was a significant progress in the final test. Answers to question 4 show that
more time should be devoted to this issue while working in the project or a separate stage should
be created, which will deal more closely with the internal fish structure and its consequences.
While working on the project, the students also enriched their knowledge by learning about new
fish species (Question 5), although this was not the main goal of the project.

The research results presented above show that the section is an effective education tool.
Similar results were also obtained by other researchers (eg Vasudevan, Karthikeyan, Supriya,
K., 2011) in this studies of the majority of the respondents (82.3%) felt that vivisections
significantly enhanced their knowledge in animal anatomy.
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- Evaluation Over 10 students who considered classes interesting or very interesting were
interested in doing the task again even if they thought that it was quite difficult or difficult for

them to complete it.
CONCLUSIONS

Taking into account the increase of knowledge of all participants of the classes regarding
the skeleton structure and the increase of knowledge in the majority of students regarding the
types and division of fins as well as general satisfaction of students, it seems appropriate to

include this type of classes in formal education.
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MISCONCEPTIONS ABOUT BIRDS” DIMENSIONS
(STARTING POINT FOR PROJECT BASED ACTIVITY)

SCHUBERTOVA Romana, KVIATKOVA Tatiana, MALINA

Radovan

Abstract

The study of pupils” misconception in the field of zoology is actual topic for researches
in science education. There is a positive correlation between the pupils” attitudes and knowledge
about certain groups of animals and therefore the increase of their knowledge structure can
positively influence their pro-environmental attitudes. The misconceptions of pupils about birds
are examined in terms of their internal body construction, habitus, migration, classification and
so on. This paper presents a pupils” perception of the dimension (wingspan) in the case of
selected bird species. Results of the research show that perception of dimensions is
underestimated in all investigated species, which may create an appropriate cognitive conflict
for pupils” inquiry of this group of animals by making a project.

Key words
Project based Learning, Models in Science, Misconceptions, Science Education,
INTRODUCTION

One of the numerous goals of science education is to develop understanding of set of ,,big
ideas®. Big ideas of science contain also the one about diversity of organisms: ,,The diversity

of organisms, living and extinct, is result of evolution (Harlen, 2010).

Not only understanding of selection process, but also knowledge about animal or plant
species, their identification and life history, has been target as a fundamental aspect for learning
and understanding of biodiversity (Lindemann-Mathies 2002; Randler & Bogner 2002). The
ability of pupils to identify bird species was investigated by Prokop and Rodak (2009). They
manipulated bird growth habit and bird song to test Slovakian pupils” abilities to identify native
birds. Use of slides alone was less effective than simultaneous use of acoustic signals when
teaching pupils about birds. Randler and Bogner (2002) examined effect of using different
teaching methods for ability to identify birds. Experimental group of pupils was learned by
hands-on and learner-centered environment. The other, control group, received a teacher-

centered demonstration using a slide presentation. Groups were dealing with the same species.
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In the case of 14 species there was no significant difference between groups. It is interesting
that there was significant difference in repeated experiment with 6 species. As a conclusion,
they suggest to reduce number of species and to use ,,modern* instructional approaches. During
the teaching species identification, the names of the species should be explained to aid learning
and understanding (Randler 2008). It is also possible to use outdoor ecology education, but it
deal with rather immobile taxonomic groups, such as a plants or invertebrates (Killerman 1998)
because amphibians (or mammals, birds) are sometimes difficult to observe under natural
conditions. Further, outdoor education could be, in this cases, enhanced by previous learning
within the classroom to prevent students from a cognitive load and from novelty effects (Falk
1983; Sweller et al. 1998).

In the field of science education, researchers are in recent years focused on mapping and
studying of misconceptions. Conceptions, developed by students themselves, are often far from
reality, making troubles for later years of learning. Misconceptions about birds are widely
examined in few areas — classification (e.g. bats are birds because they can fly), characteristics
(e.g. birds have teeth in their beaks that help tear food apart), behavior (e.g. birds migrate only
to warmer regions in order to avoid freezing), interaction with people (e.g. if a person touches
the nest of the bird, birds will never come back to the nest) (Cardac 2009). They can be
connected with anthropomorphical and teleological reasoning of the children (Prokop et al.
2007). As far as we know, there are not researches, studying pupils” misconceptions about birds
from a dimensional point of view, even though it occurs as acommon problem among

university students and also adults.

It is known that books and instruction materials can reinforce misconceptions too (Coll
& Treagust 2001). We can find examples of “one size” birds of different species also in recently

used biology textbooks, which can support pupils” misconceptions about dimensions of them.
GOALS OF RESEARCH AND METHODS

Research of pupils” ideas about dimensions of wingspan is part of a wider research work,
realized by approach - design based research. On the one side, it includes theoretical and
practical goals bringing new theoretical knowledge to the theory of science education, on the
other side research is solving actual problems of science education by creating a useful artifact.
As a problem in recent education we can see low motivation of pupils to learn about specific
species (caused also by easy availability of information), and misconceptions of them, because
most of the species are observable just through the pictures. Even though pictures don’t have a
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potential to convey the idea about dimension, we can predict problems of pupils with ideas
about dimensions of wingspan. In accordance with design based research, the goal of our wider
research is to:

e Explore ideas of pupils about dimension of wingspan in the case of most known species.

e Design teaching practice, which can corrects misconceptions of pupils about dimensions
of birds.

In the context of the goal mentioned before, we have identified following research

questions and tried to answer them in this paper:
e What are the ideas of 5" grade pupils about dimensions of selected bird species?
e s there difference between boys and girls in the case of perception of bird dimensions?

e s there relationship between real size of birds and pupils” ideas about dimension of

them?
Participants

A total of 160 pupils from 5 elementary schools participated in this study. Pupils were 10
— 11 year old (grade 5), with 96 girls and 67 boys. Research has been carried out before teaching
about birds, because we assume that pupils know chosen species from everyday life and

previous education.
Data collection and analysis process

We used a table with the names of each species to collect the data, while the pupils had
wooden or paper rulers with length of 1 meter. The choice of species took into account the
ability of pupils to concentrate on the task — we assumed that more of the species can cause
pupils to ignore the task and subsequently distortion of the data. Six well-known species were

selected, including small, medium and large species and also predators and owls:

e Common Buzzard (Buteo buteo), Northern Goshawk (Accipiter gentilis), Tawny Owl
(Strix aluco), Eurasian Jay (Garrulus glandarius), Great Spotted Woodpecker

(Dendrocopos major), Great Tit (Parus major).

Pupils were instructed to imagine the wingspan and then help with ruler to express its
length. They were warned that the length of the wingspan can be even greater than the length
of the ruler itself.
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We examined “the mistakes” of pupils and expressed them like difference from real
average value of the wingspan, which can acquire both positive and negative values. The
difference in perception of the wingspan was then re-labeled (to make the results more

comparable between the species) by formula:
(value of pupil — real value) x 100 / real value

This gave us an insight into the percentage difference between pupils” view and real
wingspan in the case of each species. Data didnt follow a normal distribution, so Wilcoxon

nonparametric test was used.
RESULTS

Differences in pupils” perceptions and real wingspan are shown in Table 1. It is obvious
that pupils predominantly underestimate dimension of birds (median of the assumed and real
value is in the case of each species negative). Underestimation is not uniform for all species.
Large standard deviations, as well as large minimum and maximum values (see Figure 1),
indicate that the perceptions are inconsistent inside the child population. Results do not
distinguish between boys and girls (statistically significant difference p = 0,004 was reflected

just in the perception of Great Tit dimension, and only after removing of outliers).

Table 1 Comparison of real average value of wingspan and perception of pupils

real average value mean difference + standard | median

(cm) deviation (cm) (cm)
Common Buzzard 120,5 -51,19 + 4431 -56,00
Northern Goshawk 110 -31,64 + 41,00 -30,00
Tawny Owl 99 -41,7 + 29,42 -49,00
Eurasian Jay 55 -25,17 £ 16,91 -29,5
Great Spotted Woodpecker 36 0,69 + 21,16 -1,00
Great Tit 24 -4,45 + 1214 -8,00

Figure 1 shows the distribution of perceptions within the research sample in the sense of
the percentage difference between pupils” view and real wingspan. Pupils hold most realistic
ideas about smaller species — Great Tit and Great Spotted Woodpecker. This corresponds with
results of Prokop and Rodéak (2009) that these species are visually very easy identified by pupils.

In the case of Great Spotted Woodpecker, mean and median is almost identical with real value.
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However, in the case of jay, goshawk and buzzard — pupils underestimate values about half of

the real length of wingspan.

There is no significant relationship between underestimating of pupils and size of the bird,
but we can see that pupils distinguish between predators and other birds. It looks like they
imagine predators as a bigger birds (mean pupils” value in the case of goshawk is 78,36 cm and
for buzzard it is 69,31 cm). The jay is not one of the smallest birds, but kids underestimated it
most of all (visible on value of 75% quartile), maybe because it is not predator. At the same
time perception of pupils about jay is most consistent inside of sample. To confirm the
indications that predators are automatically bigger from the pupils” point of view, we need to

know exactly which species do pupils distinguish as predators.
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Figure 1 Distribution of difference between prediction and real value in research sample.
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EDUCATIONAL IMPLICATIONS AND DISCUSSION

Presented results confirm the assumptions about the incorrect pupils” perception of birds”

dimension. These misconceptions can be of major importance for the creation of teaching

practice (educational activities). In fact it is difficult to provoke cognitive conflict inside the

topics about species, which is both — about the whole group of organisms and allows learning

about specific species too. Proposed activity, following presented research, has this potential.

It is now in the process of iterative optimization. In project-based activity pupils easily identify

differences in their perception of birds” dimensions, which leads them to solve this problem by

creating the paper models of most known species. Activity includes more steps:

Group brainstorming about the characters, by which we can identify individual species.
Pupils usually designate color, body shape, song, shape of the beak or feet, and almost
always also size appears. Teacher emphasizes the size as an interesting factor and pupils
discuss in the groups — why it can be difficult to determine the size of specimen.

Pupils individually fill the table of predictions about dimensions in the case of some
species and compare the assumptions within the group. They are discussing how to solve
a problem with misconceptions of people about the size of birds. At this point, groups
are sometimes offering bizarre ideas — such as shrinking an individual and bringing it to
the class, but also usable ideas of making the models of them. We can use this ideas in

the proposal of project and make the project come from pupils themselves.

Pupils in the groups create paper models of birds in their real dimensions (generally 2
species for one group, bigger and smaller one). They work with the silhouettes and
information about the species, because they will present them when completing the

product.

The final product is a set of paper models that can be attached to the walls of the corridor.
They can be also hanging from the roof of corridor (Figure 2). Product can be modified
with regard to pupils” needs and ideas — e.g. supplemented with bags filled with gravel,
representing the weight of species. Or they can be colored according to the color of the

individual or containing the QR code with the voice sample.
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Figure 2 Product of university students” project about bird dimensions (left, author) and pupils” project from
elementary school of Juraj Fandly in Sered’ (right, Lucia Paulenkova)

Activity contains all elements of project-based learning according to Gudjons (1986) and
corresponds with the inductive approach according to Prince and Felder (2006, 2007). It is
target oriented and highly interdisciplinary — in addition to biological knowledge, e.g. the
concepts of axial symmetry and center of gravity are developed.

It also corresponds to results of Cardac (2009), that information about animal kingdom
must be concrete. If concrete information cannot be presented, educational technigues, such
a models, should be used to make information more concrete in educational environment —
using birds” model in the classroom may obtain multiple advantages. Cardac (2009) also
encourages to conduct scientific projects with birds to schools.

CONCLUSIONS

In this paper we tried to highlight the issue, which is not overly discussed in the field of
biological education. We expect that problems with perception of object dimensions can not
only influence attitudes of pupils to organisms, but also create a suitable situation (cognitive
conflict) to motivate pupils to learn about species. Pupils themselves can see, that their
perceptions differ a lot. Proposed project-based activity is like “two shots with one stone”. It is
trying to solve problem with pupils” motivation to learn about bird species and also a problem
with perception of dimensions. As we can see on the base of results of this research, pupils
perception of birds” length of wingspan is too far from reality, in some cases underestimated
more than 50% of real value.
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INFLUENCE OF EXCURSION IN THE BREWERY ON
THE KNOWLEDGE OF STUDENTS AT THE SECONDARY
VOCATIONAL SCHOOL

ZAHOROVA Karolina

Abstract

The topic of microbiology and technology using microorganisms is predominantly
abstract and not generally attractive and popular for students. Presented research is focused on
influence of the excursion to the knowledge of the students of the secondary vocational school.
The effectiveness of the excursion was evaluated on the basis of a comparison of pretest and
posttest results. A fundamental change and substantial increase in student knowledge has been
shown (from 25.1 % to 74.5 % of total score). The results of research show a clear positive
influence of the excursion on students' knowledge and therefore the excursion can be

recommended as an adequate substitution of classroom teaching.

Key words

Biology, Chemistry, Outdoor Education, Practical Work in Science, Secondary School

INTRODUCTION

Excursion is a form of teaching serving as a supplement to classical teaching. Unlike
classical lesson it has potential to get students more involved, which increases their activity.
Excursion also serves as a motivation. A lot of authors deal with this topic of motivation of
students and increase of their interest in connection with excursion (Capek, 2015; Prokop,
Tuncer a Kvasnic¢ak, 2007; Jan$tova, 2015; Zoldosova, Prokop, 2006, Drissner, Haase, Hille,
2010; Kissi, Dressmann, 2017). Some authors also deal with the influence of excursion on the

students” opinion - (Sellmann, Bogner, 2012; Kossack, Bogner, 2011).

Importance of excursions on the increase of knowledge is also in the centre of interest.
Some authors confirm it (Hamilton, Ekeke, 2007; Bogner, 1998, 2002; Ptibylova, 2014; Kissi
a Dressmann, 2017; Easton, Gilburn, 2011; Drissner, Hasse, Wittig, Hille, 2013), others for
example Cabelova (2008) Carlin (1999) question the increase of knowledge of the students who

took part in the excursion in comparison with students who had an ordinary lesson.
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EXCURSION TO THE BREWERY

This particular part of the excursion took part in Prague in the brewery U Fleku’’
Kremencova street. Each student got a working list before the beginning. Guided tour with an
internal brewery worker was settled in the brewery. Students watched a short movie about
history of brewery industry in Prague, history of brewery U Fleku and about beer production.

There were presented all information necessary to fill the working list.

After the movie the students could look at the ingredients needed for beer production and
they heard a short comment about ingredients its processing and quality testing. Then they saw
the establishment with stainless steel tanks for beer fermentation, brew, cooling sink, and
fermentation tanks in spilka. Example of brewery yeast was presented and fermentation
procedure including exact description of entering and leaving substances was explained.

Students were introduced to an elementary terminology in a brewery industry field.
TESTING OF STUDENTS

Testing was done by the same test, which was given to the same group of students before
the excursion as pretest (n = 36) and then after the excursion as posttest (n = 36). The aim was
to find out how the students will be successful in solution of questions and what influence the
excursion itself would have on the knowledge of the students. The test has 9 questions, students

fulfilled it in printed form and returned it immediately. So the return was in both cases 100 %.

Questions 1,2,8 and 9 were focused on microorganisms. The first two questions were
strictly theoretical. They concerned the taxonomy and general characteristics of yeast.
Questions three to seven were focused on the technological processes of beer production -
fermentation, input and output of the fermentation process, brewing terminology. Students
could get a certain amount of points for the correct resolution of each question, depending on
the difficulty (see tab.1).

Tab.1 Evaluation of questions, Zahotova

question Nr. | 1 2 3 4 5 6 7 8 9 total
max. number | 5 2 4 1 11 10 7 1 1 42
of points
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RESULTS OF EVALUATION

Final results of pretest and posttest are given in Fig 1. It shows that the relative number

of obtained points in posttest increased in comparison with pretest for about 50 %.

Results of evaluation (%)
100,00%
75,00% 7450%
) ()
50,00%
25,10%
25,00%
0,00%
PRETEST POSTTEST

Fig. 1 Comparison of test results in percentage for entire sample (36 respondents),

source: Zahotova, 2017.

Results of point score of pretest and posttest of individual students are given in Fig 2.
Number of point obtained by students in pretest was between 1 and 23 points. Success rate of

students in posttest given in point was significantly higher between 30 and 40 points.

Students’success rate in tests
Number of students

Number of points in the test

B PRETEST m POSTTEST

Fig. 2 Frequency_of students according to point score obtained in pretest and

posttest, source: Zahotova, 2017.

Evaluation of individual questions in the tests
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Success rate in percentage on individual questions in pretest and posttest can be seen in
Fig 3.

There we can clearly see, how the success rate changed at individual questions and what
influence this excursion had on the knowledge of students. Decrease of knowledge did not
appear at any question. The smallest difference in results of pretest and posttest is at question 1
and 2. High output knowledge obtained during theoretical education before the excursion can
be seen. The excursion itself contributed only a little, because it was not aimed to its

development.

Question 1 (adding basic concept to the text) was not a problem for majority of students,
even if maximum score received only 5 students (14 % of respondents). Students made the most
mistakes at the problem of yeast multiplication. While 17 students (47 %) choose the correct
variation (division), 19 students (53 %) false variation (bisection). 8 students achieved maximal
score (22 %) in posttest, which can certainly be considered as improvement. However in total
as a group students did not show almost any point increase. It is interesting that the students
correctly answered how the yeast multiply, but made mistakes in questions aimed to systematic

biology (placement of yeast among eukaryote and into the kingdom of fungi).

In question 2 students had to draw and describe schema cell of yeast. All 36 students (100
%) draw cell correctly, but only 4 of them (11 %) managed at least partly to describe it. Three
students draw and described the core, one student (3 %) core, cytoplasmic membrane and cell
wall. Results of the posttest were similar at this question. 100 % of students draw correctly cell,
5 of them managed to describe it partly (14 %). The following analysis showed that among

these 5 students there were 4 who had the correct answer already in the pretest.

Question 3 required the choice from offered possibilities the substances entering the
process of beer production, (water, polysaccharides — starch) and substances of output (ethanol,

carbon dioxide).

8 students (22 %) did not answer at all in the pretest or answered incorrectly and obtained
0 points. Students, who tried to answer this question chose various options and combinations.
For example as matters entering the process of beer production often chose monosacharides or
methanol and ethanol. It is interesting, that these compounds were often chosen as an output
together with oxygen. It looked like the students are have awareness about fermentation process
that they know which substances play role in this process but they do not know how and where
and therefore they randomly tipped. Great improvement was noticed in posttest. 28 students (78
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%) answered correctly and | consider it at this very problematic question in pretest as a great

success. | thing, that the excursion had a great impact on understanding of fermentation process.

In question 4 students should add into the sentence “Beer fermentation takes place in ...”.
There were given 5 choices (tank, barrel, spilka, tub). Only three students from 36 (8 %)

answered correctly in pretest. All students (100 %) answered correctly in posttest.

Question 5 dealt with beer production. Students had to correct mistakes in the text. Fifteen
students (42 %) did not give any answer. The highest number of points, were 3 points from 11
possible. The posttest was answered by all students and the number of achieved points was from

2 t0 9. Nobody had maximal number of points.

In the question 6 the students had to put into order words (bottling, cooling, maturation,
mashing, malting, cooking, rinsing, expedition, fermentation, filtration) during beer production.
There was noticed a significant improvement in posttest compared to pretest. 28 from 36

students answered correctly (78 %).

Seventh question aimed to brewery terminology. Students had to link brewery terms
(draught beer, mash, wort, lager, young beer, old beer, grain) with the correct definition. During
the pretest only one from 36 students achieved full amount of points (3 %) and 7 students 0
points (19 %). The most of students achieved 3 points. It is interesting that they achieved those
three points for absolutely different answers. This question was hard for the students also in the
posttest. Full amount of points obtained more than a half of students (15, 42 %).

Question 8 was “What role bacteria play in beer production?” Expected answer was
“none” or “they cause beer depreciation”. In the pretest 34 students (94 %) did not answer this
question at all. Only 2 students (6 %) gave the correct answer. In the posttest 31 students (86
%) answered correctly.

Question 9 required basic knowledge from biology lessons and ordinary live. Students
had to give an example of another food made with use of yeast like beer. Pretest showed that
students do not have this knowledge. Only 3 students (8 %) gave correct answer, 33 students
(92 %) did not answer at all. In the posttest there were 30 correct answers (83 %). It is important
to say that the significant improvement was in connection of brewery worker lecture, who

repeatedly mentioned the significance of yeast.
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Evaluation of success rate of individual questions
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9

W PRETEST
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Fig. 3 Comparison of the average percentage success of students in individual

questions, source: Zahotova, 2017.

Comparison the results of questions 1,2,8 and 9 focusing on microorganisms with

questions 3,4,5,6,7 focusing on technological processes of beer production shows a positive

increase in student success in both categories of questions. Nevertheless, in the category of

questions about brewing technology, there was a significantly greater difference between the

success rate of pretest and posttest (Fig.4).

100,0%
80,0%
60,0%
40,0%

20,0%

0,0%

Success in different categories of questions (%)

76,3%

Questions about microbiology Questions about brewing technology

B PRETEST m POSTTEST

Fig. 4 Comparison of students' average percentage success in questions about

microbiology and brewing technology, source: Zahotova, 2017
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DISCUSSION AND CONCLUSION

Main aim of the research was to find out whether the excursion as an alternative form of
education will have an influence on knowledge of the secondary vocational school students.
Study of bacteria and microorganisms and technology using microorganisms is for students
hard and not attractive because of its abstractness and knowledge of this topic corresponds with
it. It is important for the teacher to find out how to motivate the students and increase the
efficiency of education. There are offered several ways (Janstova, Rusek, 2015): inquiry-based
education and practical exercise (focused on microbiology see Pavlasova, 2016) work with
informational and communicational technologies, excursions, summer camps, projects
(Kadlecovd, Pavlasovd, 2016) competitions and olympiads. The common denominator of such
actions is connection of lessons and praxes. The students in the excursion described here could
see specific going at specific location. They could touch and smell everything, make pictures

and ask specialist direct questions.

Results of student testing show clear positive influence of excursion on their knowledge,
and it can supplement common teaching in the class. It can be recommended as a suitable form

for teaching microbiological topics in biology and chemistry.
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HOW PRIMARY SCHOOL TEACHERS PERCEIVE
INTEGRATED THEMATIC INSTRUCTION

BORTLIKOVA Monika, VALEK Jan

Abstract

The integrated thematic instructions are used by science teachers as a form of motivation
at primary schools. This form of motivation is quite attractive for primary school students. The
primary school students cooperate with the teacher during this type of teaching methods. The
teachers' view of the given teaching method is individual and influenced by many specific
external factors. Advancement of this teaching method depends not only on teachers” creativity
but also on their inspiration. Teachers should be prepared to integrate new information into their
teaching and learning practices. The integrated thematic instruction is focused on various
aspects of educational process and should improve soft skills of primary school students. They
subconsciously acquire skills of constructive discussion, designing solutions, revision of
results, cooperative problem solving, argumentation and many others. Primary school students
also become more aware of their responsibilities. It is proved by their enthusiasm for integrating
the problem solving model into their studies. The paper is focuses on analysis of the teachers
attitude to the integrated thematic instruction. The study is based on a semantic differential
technique. The findings of this study suggest that integrated thematic instruction can be
effective in improving attitudes towards science subjects and building personal skills of primary

school students.

Key words

Motivation, teaching methods in science, teaching practices, investigation
INTRODUCTION

Integrated thematic instruction is based on the curricula. There is the emphasis
on the integration of all disciplines to the learning process. Integrated thematic teaching
is perceived as a consolidation of curriculum. It allows amore effective achievement
of learning objectives (Sindelkova, 2017). Primary school students present their learning
experiences that are based in real-world application and structured to encourage higher-order
learning and the development of the critical thinking (Ross & Olsen, 1993).
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LITERATURE BACKGROUND

., The goal of the integrated thematic instruction model and the innate drive of the human
mind-is mastery. That is, the learner understands the skill or concept, knows how to apply it in
the real world in similar (but varying) circumstances, and has incorporated it into a mental
program. Such mastery or competence is at the heart of positive self-concept, of a sense of
empowerment and ability to direct one’s life, and it is consistent with the brain’s innate search

for meaning. © (Kovalik & Olsen 1994, p. 11-12)

During integrated thematic instruction students use all available materials, knowledge and
skills from various school subjects. Students usually work in groups and the teacher organizes
the work during the integrated thematic instruction individually, selects adequate materials and
works with them. Such co-operation appears to be one of the most important features (Rusek &
Dlabola, 2013).

The school plays a key role in the creation of pupils' relationships to education,
particularly in understanding the meaningfulness of education for their lives. At the same time,
it is also required in our society that the educational outcomes be applicable in practical life.
Integrated thematic instruction has the potential to influence students’ attitudes toward science.
Teachers deal with this situation in different ways. They use various methods and approaches
which can motivate students and improve their attitude towards science. One of these methods
is integrated thematic instruction (Hassan, 2011).

Students should work effectively during educational process. Teachers have very difficult

position. They have to deal with the following aspects:
» Work with proposed topic
* Team building
« Seeking for suitable materials
« Seeking for suitable methods
« Time management
» Product oriented activities
» Realisation of Public Relations

In all the mentioned aspects the teachers have an important role. They can organise own

approach by introductions, by consultations, by evaluation of the students” ideas etc. In general
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school is a place of the co-operation and the encounter of these groups in the teaching-learning
process (Bilek, 2015).

Motivation of primary school students to science is not easy for teachers. They have many
different approaches how to motivate primary school students toward science. These
approaches should include activities with project elements, planning and management activities
(Bilkové, 2015). In general, learning should be relevant (Lindner, 2014). The term “relevance”
in science education is widespread and multi-faceted. Relevance in science education is used in
various ways and is often used synonymously with other educational concepts. It has already
been made several suggestions for conceptualising and operationalising the term in science
education. These suggestions intend to differentiate between a perception of relevance which
merely overlaps students’ interests and a perspective which contains other areas of relevance
(Stuckey, 2013).

That is not only in level of motivation (how much motivation), but also in the orientation
of that motivation (what type of motivation). Orientation of motivation concerns the underlying
attitudes and goals that give rise to action. As an example, a primary school student can be
highly motivated to do exercise in workbook out of curiosity and interest or, alternatively,
because he or she wants to procure the approval of a teacher (Ryan, 2000). A primary school
student could be motivated to learn a new set of skills because he or she understands their
potential utility. Science teachers have a difficult role in the teaching-learning process. They
should motivated primary school students in the positive way (for example by using integrated

thematic instruction).

Teachers can use some powerful tools which can increase students’ motivation as well as
their interest in Science (practical courses, experiments, inquiry, projects or field trips, summer
camps). It is possible to use activating methods in science subjects. Their use is consistent with
the content knowledge and additional core competencies (Gabriel & Rusek, 2014). As in
different matters, teachers’ methodical support is critical. The change needs to stem from the
teachers as there is no curricular change which could make them alter their educational
approach. Quite a lot of teachers feel it is important to raise their students’ awareness in Science
rather than just go through the subject matter. The above described methods and educational

forms may soon be adapted more widely in Czech schools (Janstova & Rusek, 2015).
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RESEARCH SURVEY

The aim of the survey was - To find out how the primary school teachers perceive
integrated thematic instruction. The respondents were all the primary school teachers
at the second level of the primary school. We send 68 e-mails to primary school teachers in the
area of South Moravia. All teachers work at primary schools. These primary schools cooperate
with Faculty of Education (Masaryk University in Brno) during student teaching practices.
These primary schools are called “Faculty primary schools”. All respondents (teachers) work
at primary schools more than 5 years. They coordinate university students on the teaching
practices. They participate in the training of university students. We received 47 completed
questionnaires (it is more than 60 % returning the questionnaires), out of which 19 were men
and 28 women. The teachers teach science subjects (chemistry, physic, biology, geology), so it

is reason why is the number of men so high.

To examine the attitudes of respondents, we chose the semantic differential (Bauer, 2008;
Kubiatko, 2016; Hsu, 2000). Semantic differential is designed to measure the connotative
meaning of concepts (the attitude towards the given object). Semantic differential has 3 factors,
which are tested (evaluation, potency, activity). These factors have a special scale of positive
and negative adjectives. Respondent should choose adjective in seven points scale. This scale
is for each pair of adjectives (one is positive and second is negative). The respondents choose
position on a scale between two polar adjectives. We chose 5 pairs of two specific adjectives

for every factor.
Semantic differential factors used in survey:

. Factor Evaluation

(Good — Bad; Valuable — Worthless; Wild — Quiet; Clear — Unclear; Near — Far)
. Factor Potency

(Big — Small; Strong — Weak; Deep — Shallow; Long — Short; Wide — Narrow)
. Factor Activity

(Heavy — Light; Young — Old; Hot — Cold; Active — Passive; Fast — Slow)

For calculations, we assigned the number 1 for the first of the pair, the second one for the
pair number 7. In this case, the lower the value, the more we prefer the first word from the pair,
the higher the value, the more the second word from the pair (based on a 7-degree scale and

designate 1 = positive and 7 = negative).
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Table 1 Semantic differential (research of attitudes of primary school teachers to integrated thematic instruction),
source: author's own research.

Term Evaluation Potency Activity

Integrated thematic instruction 2.27 231 2.49

Motivation of pupils during integrated thematic

. . 2.52 2.59 2.72
instruction

Timing of the integrated thematic instruction 4.03 2.96 3.50

Usability of the integrated thematic instruction in the
. . 2.44 2.74 2.74

lessons with pupils

Interdisciplinary relations in the integrated thematic

2.36 2.47 2.88

instruction

Values in Table 1 for both tested terms are quite close, so the respondents perceive them
very similarly and positively with regard to the items of the questionnaire. This is confirmed by
the values in Figure 1, where the only significant deviation is the timing of the integrated
thematic instruction. This point is for primary school teachers not in positive numbers
(evaluation 4.03; potency 2.96; activity 3.50). Teacher spent a lot of time for preparation lessons

and experiments. So they do not have an enough time for using other teaching and learning

methods.
Good Bad
Valuable Worthless
wild Quiet
Clear : Unclear
Near Far
Big Small
Strong Weak
Deep Shallow
Heavy Light
Long Short
Wide Narrow
Young Old
Hot Cold
Active Passive
Fast Slow
1,00 2,00 3,00 4,00 5,00
Integrated thematic instruction
Motivation of pupils during integrated thematic instruction
Timing of the integrated thematic instruction
Usability of the integrated thematic instruction in the lessons with pupils
——Interdisciplinary relations in the integrated thematic instruction
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Figure 1 Results of respondents' answers, source - author's own research.

The primary school teachers have positive attitudes towards integrated thematic
instruction. In the Figure 1 we see 5 topics of the questions from the questioner. They know
integrated thematic instruction and they use it with their pupils in the science subjects.
The motivation of pupils during integrated thematic instruction is also in a positive area.
Experiments are used as a good option of motivation. Teachers have to prepare effective
experiment. Teachers see timing of the integrated thematic instruction very negatively,
evaluation 4.03; potency 2.96; activity 3.50 (especially preparation of materials and also time

for the lessons). Timing in the school system is very difficult and also in special methods too.
CONCLUSION

The primary school teachers perceive integrated thematic instruction in a positive way.
Their role in the education process is absolutely necessary so they have a strong opinion
to the different teaching methods. Timing of the integrated thematic instruction is very difficult
for the teachers. They have problems with preparation of this method. It is demanding activity
for them. Integrated thematic instruction is a very good motivation in the science subjects at

primary schools and also it is an attractive way of teaching and especially learning for pupils.
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