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Abstract: We investigated the difficulties and challenges tieachers in implementing microcomputer-based
laboratory and inquiry-based education in basi®sks) where pupils were unused to this type of atiae. To
achieve this, we implemented lesson models withkslwets focused on chemical reactions, chemical
decomposition and chemical synthesis; with dematistr experiments and video-recording of each lesgde
then utilized a qualitative research design to ys®althe videos, concentrating on circumstancesinigath
increased and decreased pupil attention to theamlesvents, and on subsequent student refledErperience
gained from implementing our model lessons proved achieving effective teacher-pupil communicatizes
the greatest difficulty hindering teaching succédss particularly involved the formulation of pietions and
conclusions which demands strong commitment, détetion and skill from every teacher. A furtherfidifilty
was ensuring active pupil engagement in the digousgVe therefore instituted a set of teacher “irgkrules’ to
enhance success in this innovative form of edueatio
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Introduction

The promotion of a constructivist approach in ediocais a current trend in natural
science didactics. This is based on pupil-orierggqproaches, and was introduced to
combat dissatisfaction with study results and tineent state of natural science education
where pupils show little interest in natural scie@nd poor understanding of the important
concepts involved [1]. In this context, the reswitgesearches dealing with inquiry-based
education connected with microcomputer-based labordMBL) sound very interesting.
Research results show that activity-based, comysufgported, interactive learning
environments will better serve the needs of theemi® range of students studying
science [1].
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Constructivist use of MBL in chemistry teaching epgs to further develop students’
understanding of chemistry concepts and their roetmition. Further, Deng et al. [2]
confirms that student meta-cognition is signifitanassociated with their conceptual
understanding of chemistry. The key impact on ffecdveness of the computer-supported
laboratory depends on the teaching method applethé teacher and it is not normally
advantageous to simply replace a traditional laiooyawith an equivalent one using MBL.
While the substitution is easy for schools to impdat, a frequent result is that a simple
laboratory is made more difficult and expensive mgluding computers without
educational gain. Here, the MBL context adds cdpaaid flexibility that gives students
greater opportunity to explore and learn throughegtigation, but it requires change in
teaching style [3]. The effect is multiplied, as time formula; “MBL tools x teaching
methods”, and it is obvious that when either faésozero, the effect on education is zero,
regardless of the other component’s strength [€lachers must find a suitable teaching
method to ensure this teaching aid’'s success, lmr@fore it is highly recommended that
theinquiry-based process predominates when the emmpased laboratory is introduced
in science education. Computer-based experimertie\s positive learning outcomes
when combined with inquiry-based education.

The basic mode of MBL operation involves one or engensors connected to an
interface and this to a computer. The interfacnisinalogue-digital converter and pertinent
software programs the frequency of measurement wihcurrent table/graph data
presentation on the computer screen. This systerasunes magnitudes difficult to
accomplish with traditional equipment, and the si&@ation provides real time
experimental variables. Research has identified tha advantages of this technology
extend beyond simply motivating students becausenwadapted to science, it develops
their ability to interpret graphs, and it can h&dpdevelop competencies and higher order
learning skills in students. Students can use tbehnology to obtain data and the
time-scale of data-capture can be very short coeapar traditional equipment. This creates
classroom-time to implement other activities inéhgdresult discussion and interpretation
and working with variables. Using this technologyedictions and hypothesis formulated
by learners can have easy, rapid and precise fekdh#fication [5]. The plotting of data
in real time simultaneously with its acquisitiorhances the students’ understandings of the
graphical representation of data. The tedium ofiggag data in scientific experiments is
removed and the time bonus lets students focub®adtual task at hand and develop true
scientific methodology [6]. Research indicates tihas the real-time nature of MBL that
accounts for the improvement in student achieverf¥ntn other words, the effectiveness
of the technique stems from the fact that the 8anabeing examined by the student is
actually occurring while the graphs relating tottbeent are being produced. Simple visual
juxtaposition of event images and graphs is cdstamot as powerful as seeing (and
“feeling”) the actual event as graphs are constdicReal-time MBL experiments allow
students to “see” and “feel” the connection betwesmm event and its graphical
representation [8]. The high 82.9% of teachersciugi that their pupils are able interpret
graphs generated by MBL and most importantly, tteay also explain them [9]. Immediate
response to experimental work through a simultasigodrawn graph is extremely
beneficial for students in both observed phenoreemh process core understanding [7].
This is supported by many authors who have highdigiithe advantages of simultaneously
drawn graphs in making experimental results mongoals and clearer to pupils; and thus
helping them to more easily understand experimgaftahomena [10].
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There are many researches dealing with the useqoiry-based education and MBL
in the teaching process [11]. We consider it of agtrimportance to implement research
results in specific lesson models in primary schpodctice. In particular, we have
contributed to a specific proposal recommendingpahiction of these tools in our schools,
because they will greatly enhance both teachingearthing.

Inquiry-based education is an inductive approacyoliring formation of general
concepts based on previous experience with napmehomena. The research topic -
“Chemical reaction” is considered a fundamentalce in the primary school chemical
curriculum. Although pupils observe specific cheahiceactions, they have problems in
understanding them properly. For example, many @éxgats involve colourless reactants
and products unobservable to the naked eye inisotuand gases, and therefore pupils are
unable to directly observe changes in reactant @noduct amounts. Here, the
computer-based laboratory supplies actual observati chemical reaction results invisible
to the naked eye and without any additional or @gmnplicated reasoning behind it. For
instance, @ and CQ and relative humidity sensors allow observatiorOgfconsumption
and CQ and water production during ethanol combustionpilButhus gain sensory
experience with substance consumption and produdtighis chemical reaction and can
subsequently endeavour to create the reaction'segtnal content and then proceed to the
inductive thought processes relevant in constrigtteducational principles; from specifics
to general/abstracts.

The results suggest that the unique advantagesBaf e underexploited in science
learning because teachers generally lack the vigitiow MBL can be used to enhance the
student learning experience in inquiry-based s@€gi@]. Therefore, insufficient teacher
awareness of MBL'’s great potential and advantagesasand a lack of support materials is
the major hindrance to MBL integration in the ediaraprocess. These supports include
sets of experiments appropriately incorporated Ha turriculum, lesson models and
worksheets. According to Sorgo and Kocijancic [BB[d Bingimlas [14], teachers face
many difficulties that deter them from using MBLpeximents.

Objectives

Our work assessed the possibilities of inquiry-Hasend microcomputer-based
experiment implementation in primary schools. Thieee this, we created two lesson
models on the topic “Chemical Reaction” using MBhdainquiry-based education.
Inquiry-based lab worksheets were included in #esén models, which focused on the
following terms: “chemical reaction, chemical degmsition and chemical synthesis”.
These topics are introduced in th& grade curriculum, when pupils first begin chenyistr
studies, and our task here dealt with verifying lenpentation possibilities in Slovak
Republic primary schools. We were especially irgtr@ in how pupils would react to this
novel mode of teaching and the extent of their epafion with the teacher, and also if
students were well-motivated by inquiry-based lassand how easily they were able to
solve resultant questions. We therefore monitotesl difficulties faced by the teacher
during these lessons and the circumstances suppaticcessful learning and active pupil
discussion. These investigations led to formulatibsuggested ‘rules’ to be implemented
in teaching this type of lesson.
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We established the following aims:

1. to recognise and precisely comprehend the reasatsnd pupil reaction to
inquiry-based and microcomputer-based lesson&ring of motivation, concentration
and active discussion;

2. to identify difficulties the teacher encounterapplying the model lessons;

To achieve these first two aims we created lessanlets focused on chemical
reactions, chemical decomposition and chemicalhggit using MBL and inquiry-based
education. The models were then open to modifinatitependent on experience acquired
in delivering the lessons.

3. to propose rules which ensure successful applicatfothese models, and rules the
teacher should employ in the subsequent verifingtlzase.

This article forms part of a larger study concegnirinquiry-based and
microcomputer-based chemical experiments for pyrsahools.

Method

Lesson models and worksheets were tested in thgr&tte (pupils aged 12-13) of one
primary school in Bratislava. There were 20 pugild boys, 9 girls) and 19 (12 boys,
7 girls) in two classes involved in our researchhia 2014/2015 school year. Overall, all
pupils lacked experience in doing experiments, dadl witnessed only one MBL
demonstration.

Video recordings were made of each lesson. Waeialiyit placed unplugged
video-cameras in the classroom to accustom pupiisdir presence, so they paid no further
attention to them. We then recorded the entire tegsons using four videocameras;
focusing on different parts of the room to recodtl siudents. All videotapes were
transcribed within hours to a few days of recording

Our assessment and evaluation method is “desigedbasearch” where we utilized
a qualitative research design to analyse videosause this approach offered great
opportunity to further optimize lesson models amgipworksheets if necessary and also
teacher lesson organisation. We concentrated maonly videotapes analysis, but
complement our data with pupils’ completed workssemnd transcripts of non-structured
pupil interviews. We incorporated elements of theotinded theory” method with opened
and axial encoding [15]. During video analysis, @etermined circumstances leading to
increased pupil attention to the relevant eventd #reir reflections, and thus their
understanding of the process and concepts. We radged circumstances surrounding
decreased pupil attention to these factors and ecpm@t inhibition of desired
understanding.

Table 1
Lesson models antbrresponding topics and concepts
Number . Number
of model Topic Taught concepts of lessons
1 Chemical reactions reactant,' product, _consump_non, 1
production, chemical reaction
2 Chemical decay and chemical catalyst, chemical decay, chemical 1
synthesis synthesis
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Our first lesson demonstrated the term “Chemicaldiien” in an ethanol combustion
experiment and the second focused on the concépt€hemical Decomposition” and
“Chemical Synthesis’ in the decomposition of hydrogeroxide and magnesium burning.
Two lesson models and corresponding topics awelist Table 1.

The students should already have acquired basimistrg knowledge from previous
lessons, including; (1) the definition of chemistag a science (2) substances and
transformations between substances; (3) the difterebetween a pure substance and
a mixture and (4) basic knowledge of water, oxygew carbon dioxide. Prior to the
Chemical Reaction topic, pupils learn the diffenoetween physical and chemical
processes; where the chemical process is defingthasprocess where substances are
changed into different substances”.

Banchi and Bell's [16] structured inquiry was adeptn our lesson model creation and
this is reflected in the structure of the inquigsked laboratory worksheets (Fig. 1).
Inquiry-based education consumes greater time ttaditional instruction lesson, so we
preferred worksheets use rather than note-takifp Worksheets contain diagrams of
completed apparatus and form a pre-printed pastuafent notes; so pupils only need to
complete the text. Thus, we retain time for theegipent itself and also reflection and the
most important follow-up discussion.

question/task

v

prediction/expresing previous ideas

v

experimental procedure

v

ohservation

v

discussion/compare results with
previous ideas

v

conclusion/generalization

v

examplesfrom practice/transfer to
new situations (daily life)

Fig. 1. General inquiry-based framework for MBLieities
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The MBL experiments in our lesson models are detratsn experiments. This
approach solves two potential key problems whideeain MBL experiments. The first
involves the high price of using sensors and camseiglow possibility of affording more
than one set for a class, and the second acknoesdetltat pupils have insufficient
experience with MBL. Although it may initially appethat demonstrations do not conform
with constructivist principles, demonstrations cameld with inquiry-based education
provide considerable benefits. Banchi and Bell [lddscribe different levels of
inquiry-based education giving examples of expenit®ieused as demonstrations, and
principles of adequacy and progression confirm dahpropriateness of conducting these
experiments as demonstrations. The performance wf experiments is relatively
demanding and the pupils see experimental datadedan a graph for the first time.

Description of chemical experiments

In the first lesson on Chemical Reaction concgpipjls observe ethanol combustion.
Burning is performed in a glass tank with sensors@, CO, and relative air humidity
(Fig. 2). The base consists of polystyrene wragpealuminium foil with grooves cut for
sensor wiring; and a small piece of aluminium fsiplaced between the watch glass and
sensors to prevent fire. In addition a small pieteotton-wool is applied to the 3ensor
to off-set condensation humidity and smoke andeaegof rougher aluminium foil is fixed
at the inner bottom of the glass tank to proteetglass from fire. The teacher pours a 2 cm
diameter quantity of ethanol into a watch glasss Will be consumed in the reaction when
the teacher commences data measurement and igmétesthanol. A dark background is
most suitable for this demonstration because thabostion has little luminosity.

Glass tank

s [

&S

N

base \

1 !
Sensors for oxygen, Watch glass with
carbon dioxide and burning ethanol

relative air humidity
Fig. 2. Apparatus for ethanol combustion

During combustion pupils observe that ethanol bauttsand the glass becomes hazy.
They also observe experimental values changindhercémputer screen and simultaneous
generation of the graph describing gas amount depe® on time (Fig. 3). Measured
experimental data is screened via data projectwe.chemical reaction is as follows:

CH,CH,OH + 30, — 2CO, + 3H,0 (1)
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Fig. 3. Dependence of amounts of: a) oxygen, jaradioxide and c) air relative humidity on time

Glass tank

/ / / base
I f
Sensors for oxygen  Petri dish with
and relative air hydrogen peroxide and

humidity manganese dioxide

Fig. 4. Apparatus for hydrogen peroxide decompasiti
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In the second lesson on Chemical Decomposition @imeimical Synthesis concepts,
pupils observe two experiments. The first is decositipn of hydrogen peroxide catalyzed
by manganese dioxide. In this experiment we ussassrfor Q and relative air humidity
(Fig. 4). A small piece of aluminium foil is plackétween the Petri dish and the sensors to
save them from mixture sparkling. There is 3¢ ofrhydrogen peroxide diluted with water
in proportion 1:3 in the Petri dish. The teacheartst data measurement, adds a small
amount of manganese dioxide to the Petri dish,candrs it with the glass tank.

Here, pupils observe how mist and bubbles formndudecomposition. They should
also see that no manganese dioxide was consumgulpifs are unsure whether the
manganese dioxide was consumed or not, the teaeherepeat the experiment; weighing
manganese dioxide before and after the reactiore @dmputer screen displays the

simultaneously drawn graph (Fig. 5). The chemiealction proceeds as in the following
equation:

2H,0, — O, + 2H,0 (2
a)
26+
S
c 244
Q
j=2
<
O 2
20 T T
0 100
Time [s]
b)
B0 -
=
E 704
o
E
2 604
[
=
5 5]
i'd
40 T T
0 100
Time [s]

Fig. 5. Dependence of amount of: a) oxygen andrbgktive humidity on time

The second experiment involves magnesium combuski@ne, we use the oxygen
sensors shown in Figure 6. The reaction is perfdrmea small iron dish inserted in sand,
and a small piece of aluminium foil is placed bednwéhe iron dish and the sensor to save it
from smoke. The teacher starts data measurementtdakes a small piece of magnesium in
iron tongs and ignites it by gas-burner. When ttegmesium ignites, the teacher quickly
transfers it to the iron dish and covers it withlass tank.
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?Iass tank

iy
/ / base / /

I
Sensor for oxygen Dish with burning

magnesium

Fig: 6. Apparatus for magnesium burning

During magnesium burning, pupils can observe whitaoke and magnesium
transformation to white powder. They also see alkaneous graph being generated on the
screen (Fig. 7). The Chemical Reaction proceedsrdig to equation:

2Mg + G, — 2MgO 3)
20.3;
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Fig. 7. Dependence of oxygen amount on time

Instituted model - first lesson

In this article we show model of the first lesson.

The lesson model is designed within the generaliigepased framework for MBL
activities (scheme No. 1). The first lesson deaith whe concept “Chemical Reaction”.
Pupils also learn the following terms: ‘reactardsid ‘products’. The lesson commences
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with a task assignment written by the pupils inirtheorksheets. Then, the teacher asks
pupils to brainstorm their ideas on chemical rearcti

Task: Define a chemical reaction.
Question What do you think a chemical reaction

The teacher summarizes pupils’ ideas from the dision in concise completed form,
and pupils write the following assumption in theiorksheets.

Prediction: The pupils’ ideas of chemical reactiormulated by the teacher.

The teacher suggests a procedure to examine weaticdl reaction is.

Procedure: We will examine the chemical reactioalobhol burninc

The chemical reaction is initially demonstratedhwiit MBL. This is done because
chemical reactions trigger a very strong reactiopupils when they see them for the first
time; -almost magical- so it is almost impossibde $ome students to focus on both the
action taking place and the thought processes nedjub define ‘Chemical Reaction’.
Following this initial demonstration without MBLhe& teacher emphasises the importance
of further examining the reaction with sensors. phecedure, apparatus and diagram with
its description are in pupil worksheets; thus sgwinportant lesson time.

The teacher then demonstrates the experiment witBL.MWhen the flame
extinguishes, it is necessary to wait a short ttme@ccommodate the time-delay in gas
sensors response. When the sensors record thalgas vwupils describe their observations
in a follow-up discussion with the teacher and rddbeir final observations.

Observation: The glass became hazy, alcohol wast lmut, the amount of oxygen
decreased, the amount of carbon dioxide and wategase

During the discussion, the teacher asks a serigsi@dtions. Pupils create contents of
the concept of chemical reaction step by step Iswaring every question, and answers are
written in their worksheets.

Discussion: What substances were consumed? Whstasiges were produced? Whiat
happened with the substances that were consumegafie they consumed? Where
do the produced substances come fri

It is suitable to show pupils the related graphshat same time of using the terms
“production” and “consumption” by the teacher.

Expected answer to the third and fourth questitmva is;

What happened with the substances that were comuiMy were they consumed?
They were transformed into different substances.

If pupils are unable to answer these, they catotgnswer the question: What are the
substances produced from? Then they turn back ¢optievious questions. Expected
answer:Where do the produced substances come froh&¥ arise from conversion of the
consumed substances.

Chemical Reaction ideas are summarized by pupila stheme pre-printed in the
worksheet as two empty bubbles:
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reactants products

consurmed . roduced
are changing —m P

substances } gne substances

At the end the teacher reminds pupils of their frideas about chemical reactions
and altogether they adjust and complete them basedte collected findings. The teacher
then asks pupils to define the term ‘Chemical HeattPupils write this definition in their
worksheets.

The conclusion: According to the discussion witlpifsithe teacher formulates the
definition of chemical reaction. For example: Cheahireaction is a process when
chemical substances are changed into different.olies a process when some
substances are consumed because they are trandftonakifferent substances which
are produce

Then, reactants are defined as substances whichoasmed and products are the
substances produced. Pupils write this definitisio ithe scheme above. The teacher then
tasks pupils to formulate the definition ‘Chemi&gaction’ using the terms ‘reactants’ and
‘products’.

Completion of the conclusion: Reactants are changta products in the chemicdl
reaction.

In the “prediction” part of the lesson, pupils aftexpress the idea that a chemical
reaction is the answer of one substance to anotilerHowever, a mere contact of alcohol
with oxygen is not sufficient to start the reactidio verify this prediction, we conduct the
additional experiment of sodium reacting with watsithough results show the prediction
was correct, it have to be complemented. Some adaméactions start spontaneously,
such as the reaction of sodium with water. On tierohand, in some chemical reactions
(e.g. alcohol combustion), only a mere contactheftivo substances is insufficient to start
the reaction, and must be triggered by prior additf energy.

The teacher asks the pupils to think about the aMewntioned conclusions and
compare them to results from their observatiorhefreaction of sodium with water.

Finally, the teacher and pupils search for exampfeshemical reactions in everyday
life.

Examples: burning, breathing, digestion, photosgsi) cooking and decay.

Results

Experience gained from implementing our model lesss

When we analysed the lesson video recordings, wermdaed which circumstances
led to maintaining our pupil’s attention on theergint events, thoughts and understanding
of the activities and terms, and which circumstarfedled in this regard.

Behaviour of pupils during observation of chemiesctions

On entering the classroom, the pupils immediataly shemicals and instruments on
the teacher’s table and they guessed that theydwsmé experiments. Most pupils reacted
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enthusiastically, with lots of Joyful shouts andnuepents, including; “We will do
abracadabra” and “Hooray, we’'ll do our own chemé&gberiments, wow.”

The subsequent chemical reaction processes heldttirgtion of all pupils, and they
were impressed by what they saw; regardless whditleeexperiments had MBL or not.
However, differences were noted in the pupil's wédar; where experiments without
MBL were more often accompanied by appreciativeushavhile the MBL chemical
reaction processes were observed more quietly.eTjmesnpted student questions, such as:
“What is the temperature inside (the apparatusjel’ statements like: “Oxygen is coming
slowly”. During the hydrogen peroxide decompositiexperiment, the pupils’ statements
and ability to interpret graph formation is recahtin the following teacher-pupil
communication transcript.

P4: We would not choke there.

T:  What is formed there?

P16: Oxygen.

T: Oxygen is formed.

P16: We would not choke, because oxygen increases.
T: Yes, oxygen is formed and what else happens?
P7: Water increases.

Thus, observation of our chemical reactions with IMBroved very attractive for
pupils, and simultaneously evoked comments andudgsan of the observed phenomena.
This interactive experiment confirms results reesrih previous MBL and inquiry-based
approaches to natural science didactics.

Teacher-pupil communication

Sustaining pupil attention and active engagemepaiamount for their comprehension
and assimilation of new terms, and therefore orgyoomtact between teacher and pupils by
asking questions and raising challenges is a keecasof successful teaching. The
formulation of predictions, observations, discussamd conclusions are most significant
chemistry education outcomes, and these requiseréeacher/pupil communication.

Our video-recording analysis provided the teachgilp discussion transcript.
It highlighted pupils’ responses and the difficedtithe teacher must overcome in MBL
inquiry lessons.

Pupil engagement in discussion

The teachers’ questions were mostly answered bylspup the first row, so the
discussion was often led by the teacher and thesst active pupils; with other pupils’
opinions rarely being sought. The remaining pugglged on the most-active 4-5 pupils’ for
teacher-pupil interaction and thus, the achieveslvans and interpretations were not the
product of ‘whole-class thinking’. Our ethanol-bumg experiment was conducted and then
thoroughly discussed. Here, pupil engagement irtudson is demonstrated in the
transcript extract on: “Reactants are changing¢alpcts”.

T: What happened to the matters consumed? Whethelcgyo?

P2: Burned out. They were consumed by burning.

T: What does it mean “burned out"?

P2: They died, were consumed, were changed to catioaide and water.
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Pupil No. 2 then formulated the idea that mattensconed is changed to matter
produced. Here, the teacher wanted to engage mugmiéspn the discussion, besides that
one active pupil, so he repeated the question.

T: The matters disappeared, but can not go to mgtl@ss. Can something only
disappear?- and nothing remain after it?

P2: Yes, a black hole.

P4: It can.

P2: Black hole?

P4: But, always something remains.

T: Why did the matters disappear, what happendideim?

P2: They changed; oxygen to carbon dioxide andhetta heat.

Once again, only the most active pupils responaeidveere engaged in the discussion.
The teacher invited others to share their opinéonl he offered a “helping-question”.

T: What about all you other pupils, please tryriewaer the questions too.

T: So, | ask you again. Where do these mattersatieaproduced come from?

P9: In the chemical reaction?

T: Yes, you are right; they arise in the chemiealation. But what from?

P3: From the matters that were consumed.

However, pupils number 3 and 9 are amongst the raote ones, therefore the
teacher repeats his question hoping other pupllgoi the discussion.

T: They came from the matters that were consumed®t&t happened to these matters
that were consumed?

P2: They changed. (P2=Peter)

T: Please let other students answer, Peter. - 8at happened to the matters that were
consumed?

P3: They changed to products.

T: To what substances were they changed?

P4: To carbon dioxide and water.

T: Yes, so we have matters consumed and matteduped. So, why were matters
consumed? What happened to them? | am asking gthwfnot only the pupils right
here in front of me.

(After a few seconds of waiting)

T: | am not giving you the answer. | am still wagi

T: So; | will try to ask the same question in afelént way. There are some matters
produced; these matters appeared. What did theg éam?

Once more, only the most active pupils, pupils R03, 4, and 9, held up their hands,
and all the other students remained passive.

In the discussion, the main idea “reactants arengde to products” was mentioned
only by the most active pupils while the others da confirm or deny this comment. The
teacher wanted the other pupils to join in, buthienot just want pupils passively nodding
their heads, so he did not ask the obvious simpéstipn; “What do other pupils say, do
you agree with what the front row said”. Instead ,Kept formulating the same question in
different ways, trying to encourage other pupilsgspond.

Similarly, only some pupils in the second clasggai in the discussion, but the teacher
was satisfied with this result and did not purstieopupils to participate.
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The teacher’'s monologue

Pupils lose concentration on important phenomend igieas when the teacher
monologue is too long; more than one minute. Pugglsbored or their attention is easily
diverted to surrounding classroom events. One elampcurred when the teacher was
explaining the necessity for examining the ethdnohing chemical reaction combined
with sensors. This required a monologue where guupd’s attention wandered. Here, the
teacher could have altered his approach by askilegtegpns; such as: “What substance is
also necessary for combustion?” “Could we see Whppens with oxygen?”. Here, asking
guestions and posing tasks proved important fadgtoiavoking and maintaining pupils’
attention.

Teacher response to pupil ideas

The teacher should comment on each pupil's idaad, relevant comments should
then be clearly formulated and integrated in fitlabs results. When irrelevant or incorrect
ideas are given, these should be eliminated byogpiate questions and reactions. The
following video-recording transcript exemplifiest@acher request for pupil predictions
(What do you think a chemical reaction is?):

P1: “We have two reactants, and the reaction gods give products.”
P2: “What happens, if we join two different substas...”

T: “So, are you all familiar with the meaning oétterms reactant and product?”
P1: “l am the only one who knows it.”
T: “I see! Ok! What about the rest of the class?ai\do you think?”

P3: A change that happens in chemistry”.

T: “So! Now I think it's best if we look closely aome chemical reaction. Then we will
try to define the term chemical reaction again”.

The teacher assessed the situation; concludedtipéis were unable to express any
ideas about Chemical Reaction on their own, andtimesd without formulating
a prediction. It was correct that a prediction was formulated according to pupil No. 1,
because it was evident he knew more than his cltesmAny prediction would therefore
not reflect the ideas of the whole class. At theesadime, the teacher overlooked the fact
that pupil No. 2 expressed an idea which could Hzeen used as the basis to formulate
a relevant prediction. In addition, the statememtden by pupil No. 3 could have been
responded to by questions: “Do chemical reactiany take place in chemistry? What is
changing there?”

The pupils’ most frequent relevant statements abbatical reactions can be divided
into two groups.

The first group is formed by ideas, such as: A doahreaction is an “Answer to the
impulse of two or more substances.” “Reaction om ithpulse of one object to another
one.”, “When we put two substances together”, “Rieacto some different substance.”,
“Some chemical phenomenon when some object andwessme substance”. “What will
happen, when something is joined, maybe two diffeseibstances?” The teacher should
guide pupils by appropriate questions, such as:d¥do you mean by the word impulse?”
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“Are objects also composed of substances?” Thee, tdacher can generalize those
predictions as: Chemical Reaction; “It is the resfilcontact between two substances.”

The second group contains the following statemetitss some phenomenon when
something changes in a substance”; “The whole aobstcan change”; “It is a change
which occurs in chemistry”; These ideas can be gdized as: A chemical reaction is
an “Action when substances are changed.”

Although teacher/pupil communication can be quitécdlt for the teacher especially
in the formulation of predictions and conclusiogereralisation), the teacher must not be
discouraged by early failures. A tremendous lohafd work, experience, self-reflection
and practice are required for every teacher to getizese situations.

Interpretation of measured data

Chemical reaction changes in gas amounts were tsinadusly recorded and
displayed by data-projector. Both graphs and nurakgas amounts were shown on the
screen. So, we are now able to check how intuipiupils are in interpreting graphical
recordings. When using MBL, the teacher only expdithat the screen showed both gas
amount values and the changes in these amounstraled on a graph; without giving
a detailed description of the screen display. Rupituitively understood the graphical
representation of substance amounts as the cheraaaion proceeded. This is obvious in
the pupils’ comments: “Air humidity is rising. Oxgg does not change, oxygen goes
down”. This pupil's observation that “oxygen doest khange” was related to postponed
oxygen sensor reaction; a normal parameter in gasoss. Consequently, pupils had no
problem interpreting data and they were able toitinely evaluate progressive increases
and decreases during the chemical reaction. Oulinfijnagrees with previous research
reports [9], and this approach negated lengthyilddtaxplanation of graphs depicting the
dependence of gas changes on time. It was suffidiene for the teacher merely to
reinforce pupils that they had directly observed tfas amount changes recorded both
numerically and on the graph.

Class organisation

The pupils in the back rows were asked to comeecle® they could see the
experiment properly. Unfortunately, prior to thenimstration, the teacher had not
adequately considered how to deploy pupils aroumg teacher's desk. This led to
crowding, pupils blocking each other’s view, distiag each other and also shading the
view of the experiment. This resulted in some sttslgetting bored; and standing for long
periods was also uncomfortable and distractingéone pupils.

Pupils’ concentration

We noted which circumstances led to improved popilcentration on discussion and
teacher activities, and which decreased it. Formgte, the above mentioned teacher
monologue and constant pupil movement to clearlyeol® the demonstration in small,
badly deployed areas clearly distracted the pupdlgention. However, even when
observation was not obscured, the mere act of lmingose together, and often in contact,
caused some pupils to engage in behaviour uncaethegith education, and others to
concentrate more on their worksheets than paytaiteto the experiment and contribute to
the discussion.
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However, overall, our chemistry demonstrations warerew and interesting that most
pupil attention was captured, and the posed questiand set tasks increased and
maintained attention levels.

Conversation between teacher and pupils at theoéigde lesson

At the end of the lesson, the teacher told pumilsetirn all the subject matter they
correctly note in the discussion any conclusiondspaf the worksheet. This was well
received by the pupils’; with reactions such ash,‘@hat’'s good”, and also some positive
non-verbal expressions. Pupils were surprised apgythey could learn information they
formulated themselves, and thus felt they were @ive part of the education process,
rather than just passive acceptors of traditiodaktation.

The teacher therefore questioned pupil reactions:

T: How do you like this lesson?

Pupils’ responses:

“I like it. Every lesson should be like this. Wille do experiments each lesson? It was
good. It was very interesting and better than aumal lessons. Finally we saw something
in practice. Better than previous lessons. Nexetiwill we have the same?”

T: Would you like more lessons like this?

P: Yes.

T: We will continue next time.

P: Great. What magic will we have next time?

Some pupils were so inspired by the lesson that #fis class they discussed some
aspects of the experiments with the teacher, wamtmore information, so the teacher
referred them to simple web-sites about experimamdsespecially the use of sensors.

Discussion and suggestions

First aim of our work was to obtain pupils’ respesi$o this way of doing lessons from
point of view their motivation, concentration arttige engagement to discussion.

Pupil motivation

Pupil motivation was evaluated on written responstde observing the chemical
reactions, their participation in discussion andpopil interviews conducted at the end of
each lesson. Our results confirmed that the pujittked forward to lessons with
experiments and paid close attention throughoutettperiment, regardless whether MBL
was used or not.

In end-of-lesson non-structured interviews, pupitiicated they wanted these lessons
more often because: “They are different and maer@sting than what we had before” and
“Finally we saw how it really works”. Pupils showeskplicit interest in this type of
experiment lesson, both with and without MBL. Ingfily, our introduced inquiry-based
method motivated pupils; and they were surprisedl ey could learn from the notes they
formulated during experiment observation and thHeofong discussion. The engrossing
combination of doing and understanding made thezhtfeat they “took charge” of their
own learning.

However, we noted less motivation to participatetie discussion from the more
passive students. These were happy to just listehet interchanges between the teacher
and the 4-5 more active pupils. This can be expthim several ways. Firstly, our pupils
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were not used to lessons where they were expestgntin discussion with the teacher.
Secondly, the teacher rarely asked the more papsipits to discuss things, or the teacher
had not initiated this interaction appropriatelindfly, the teacher may have fatigued pupils
in his effort to engage as many of them as poss$ibleepeating the differently formulated
guestions, and the overall effect of the teachemdeavour to lead an interactive discussion
may have became too complicated. We discuss thikefuunder the “Pupil response to
active engagement” heading.

The abovementioned constructive results confirm expectation that this type of
lesson has great potential to change pupils’ dtitio science, and motivate more to study
science.

Pupil response in regard to concentration

Our results clearly indicate that the teacher israncertain to maintain pupil
concentration by interactive processes such asmgagiestions to pupils rather than by
indulging in a monologue. This interaction helppifsiformulate their own ideas from the
observed experiment.

It is also necessary to resolve how to place pupitsvoid them disturbing each other,
and to ensure that everybody has a clear vieweoeiperiment. However, it is preferable,
whenever possible, to rearrange classroom seagifigebthe lesson starts, so that pupils do
not have to move at all.

It should also be decided if the apparatus and a@snrequired in the experiment
should initially be hidden, or if they should bediear view of the students and subject to
pupil discussion and distraction. In additionsigidvisable to distribute the worksheets with
the interesting apparatus sketches at the previggson; to avoid distraction and thus
enhance concentration on the experimental process.

In our lesson model, we chose a double demongtrafieach experiment. We initially
performed a demonstration without sensors, whemglpuwould just observe a studied
phenomenon visible to the naked eye from a quialitgioint of view. We then conducted
the same demonstration using sensors. This appmeaidted really well, leaving no doubt
that observation of a chemical reaction is perakibg pupils as a great experience. We
noticed pupil enthusiasm and emotional expressiasing the sensor-involved
demonstrations of chemical reactions. We considar if we had conducted experiments
with the sensors first, pupils would not have ps@ much attention to the quantitative
observations recorded by data logging.

Pupil response to active engagement

Improved learning processes demand that formuliateals are a product of the entire
class or as many pupils as possible, and therdfareeacher should ask less-activated
pupils to interpret their ideas and then compararoents with those of the more-involved
students; thus engaging discussion. In our cld$s; angaging the most active pupils in
discussion the teacher repeated the same questamy rimes in different ways to
encourage more students to interact. The teachst to avoid the following simple or
rhetorical question requiring just “head-noddingidano definitive answer: “Do you all
agree with the answers the other pupils gave?” Whisld have suppressed engagement of
the less-active pupils. However continued lack artipipation can force the teacher to stop
trying to involve those students, and be satisViéth answers from the most active ones.
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We cannot accept this outcome, and on no accoonigkeachers resign themselves to this
course, but they should pursue the interactiorsahany pupils as possible

While we consider that asking the following simplgestion is better than formulating
the same question in different ways, “What do ydbeos say?”, it is clearly better to
combine both courses of action.

The low level of student participation in discussis almost certainly due to their
unfamiliarity with lessons expecting active invaiwent, and this appears the major reason
for lower pupil engagement in the discussion prec&his was evident with only 4-5 pupils
actively participating in the first lesson and #8he second. It is advisable to occasionally
request the pupils who always participate and exhiove-average knowledge to refrain
from answering so other pupils gain opportuniti@therwise, less dominant students tend
to completely withdraw from the discussion. Lack familiarity in this type of lesson
process may also be reflected in lower disciplimgl alisturbances occurring during
discussion when pupils should be concentratingespanding to teachers’ questions and
judging schoolmates’ ideas. In early lessons of thipe, some students may not consider
answering questions to be tasks they should falfif] instead regard these lessons solely as
interesting spectacles and magic in motion, anal asopportunities to relax as in free time
rather than interact in the learning experience.

Difficulties in implementing the lessons models

In implementing our lesson models the teacher rsoise two areas: using MBL and
managing discussion in inquiry-based education. @sults highlighted that the area
creating the most potential problems and therefoeemost crucial area for successfully
implementing MBL and inquiry-based lessons is gdisdussion management.

We experienced no difficulties using MBL, because emsured that each teacher was
appropriately prepared for this challenge, with @dita-recording files for each lesson
completed in advance. The following lesson-settingse recorded and saved; time and
range of the experiment and the spatial representaf graphs and indicator values. Here,
the apparatus and sensors had already been prepatedl measurements tested.

The fact that the experiments were teacher-denatestreliminated complications
expected if pupil-groups conducted their own experits. In this latter case, the teacher
must set all MBL and other parameters to ensurdesiis had the least actions to perform,
and thus present the least problems possible. Tp#spmust be taught to use MBL and
then strict supervision of MBL use in student-cortdd experiments is required to prevent
their misuse, and also to ensure students conterfitdy during class prediction and result
discussions.

Certainly, the discussion is the most important pathe whole experimental process.
The teacher must manage this discussion so thatualents understand the experimental
aims, processes and results. The teacher shouldegt)} appropriately to all pupils’
expressed thoughts; (2) draw as many students s&bp® into active participation, the
formulated ideas should reflect whole-class thigki(8) this discussion should follow the
prior-planned “discussion rules” as closely as fidss The success or failure of MBL
inquiry-based experiments rest on the teachercuigisson expertise!

(1) The constructivist approach to education and ingbased learning springs from
initial pupil ideas and concepts. Appropriate teaateaction to expressed thoughts is
paramount, because not only will discussion be wapshed if student input is not
attended to, but the pupils involved can losergkriest in participating in discussion.
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In the part Teacher response to pupil idéasve can see what problems the teacher
must solve and what situations present challengedble discussion with pupils. The
teacher must gain experience and be assiduous a@ehtp especially at first, and
appropriate reaction to pupils’ expressed ideas. Ude of self-reflection and recording
successful/failed aspects of initial lessons entddehers to analyse and evaluate their
lessons and alter their approach where necessary.

(2) Again, the teacher must engage as many studergessible, so that the formulated
predictions and findings do not reflect only idedshe most active pupils. Without
active verbal participation in class discussiontthecher cannot verify if pupils attend
to the discussion with internalised participatiamd aunderstanding. This was fully
discussed in the previous paRupils’ responses in active engagenient

(3) Adhering to “discussion rules” is a further problémachers face in this type of lesson;
and here general class discipline is also involesgecially if pupils make fun of other
students’ ideas. This lesson type may also be derei an opportunity for free time
by some pupils, with attention to discussion repthdy disruptive interaction
spreading among inattentive students. These trarelsontrolled in the appropriate
manner by the teacher; eliminating distraction @bifs’ attention which can otherwise
result in lack of understanding of subject mattene-wasting, an unfavourable class
atmosphere and pupil disinterest and tedium. Thehr must encourage pupils to
adopt and maintain the rules and behaviour expeaotedese lessons throughout the
entire school year.

All these problems can result from pupils being sguito teaching with continuous
teacher/pupil communication. Therefore, teachemulshuse this style of teaching more
often to prepare pupils for this beneficial apphoathe pupil-oriented approach should be
used regularly so students become used to it addrstand that tasks must be done and
rules followed; thus eliminating behavioural prohke and class disruption. A similar
principle is also involved in deciding the frequgrd experiment-use in chemistry lessons.
We suggest that teachers routinely include experisnian their lessons. When experiments
are rarely incorporated, students don't perceieartlas a standard part of lessons and they
can be easily distracted.

Changes in lesson model

A very important constructivist principle is to matte pupils so that the posed
problem or question is so interesting for pupilsttthey make it their own. However, when
our teacher first asked the task-solving questibefthe what chemical reaction means”,
a lot of non-verbal pupil behaviour was noted. Tihiduded sighing, playing with pens,
propping heads on hands and turning away from @assity. These reactions identified
a level of disinterest in the task at hand. We ittarsthis introduction too general and too
abstract, and also a very likely reason so few Ipupibsequently participated in the
discussion.

The inductive approach in education and inquiryeldasearning encourages us to
substitute the following: “What will happen to thbemicals when we burn the ethanol?”
This question is more concrete and should provideasier answer for pupils, and it also
facilitates the process of moving from a more cetecto more general approach.

Pupil disinterest and boredom can be provoked oy af writing. We need maintain
the pupils’ initial interest and motivation, thesed we should avoid to discouraging them
by writing unnecessary answers and we also shanttrfght time for writing necessary
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answers in their worksheets. In the case of owsolesnodels we recommend that pupils
should enter the research question, experimentadeplure and their observations in this
order in their worksheets when the experiment agdbal formulation of the observation
are concluded. We further recommend pupils do ndtewthe predictions in their
worksheets; the teacher writes them on the blagkboahile maintaining verbal
communication. Our video-recording verified loss dipil attention and subsequent
concentration on lesson-irrelevant issues whertagheher lost communication with pupils
while making these blackboard annotations.

Using the concept “to react”

Under the Slovak national curriculum, pupils letva term “Chemical Reaction” prior
to obtaining any information about the particulatdure of matter; the atom and molecule
particles. At the same time, the term “to reactlised in the chapter on chemical reactions
in the chemistry textbook. Our experience with tlse of this term confirms that pupils
cannot properly understand this concept. Althougieussion appeared more complicated
when the teacher purposely used “to react”, pughisuld be allowed to use this term when
they introduce it on their own initiative. In coast, we do not recommend this term’s
inclusion in either the worksheets or in the deifimi of a chemical reaction. We consider
pupils will easily understand this term when theg kater taught the particulate nature of
matter and chemical kinetics.

Possible misunderstanding of “chemical decompositid and “chemical synthesis”
concepts

When checking pupils’ knowledge, we noted that pupgénded to differentiate the
terms ‘chemical decomposition’ and ‘chemical systie from the term ‘chemical
reaction’. Some pupils correctly stated that chambecomposition occurs when more
products are formed from one reactant, and chermig@hesis is exactly the opposite. But
they then stated that a chemical reaction is wivem products are formed from two
reactants. Therefore, it is necessary to stress libth chemical decomposition and
chemical synthesis are also chemical reactions, iaisd most important to show pupils
more examples of chemical reactions with diffemnibers of reactants and products.

Rules for appropriate implementation of inquiry and microcomputer-based lesson
models

Our final task was to establish “working-rules” tkeacher should implement and
follow to ensure successful model lessons. Thege ween trialled in practice chemistry
classes as the next stage in the evaluation ahodel-lesson suitability.

The only adjustments required in using MBL was ttia teacher should always
prepare all files needed for graph-recording arsd & equipment function before each
experiment class. No problems occurred in MBL usag®en these changes were
implemented and adhered to. Our suggested rules ¢toecentrated entirely on the
demonstration strategy and the inquiry-based lagroomponents. Here, successful MBL
use depends on the teacher mastering inquiry-bleseding methodology and skilfully
leading the discussion.

For successful model-lesson execution the teadheuld explain lesson behaviour
expected from pupils and encourage them to keepullee during the whole school year,
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not only in these lessons. These ensure appropteteaviour which becomes

“second-nature”; and thus adhered to without thoudio achieve the best results, the

teacher should:

- ensure well-structured class-room and student apatiganisation, and not have
laboratory aids on view prior to the experiment

- have prepared files with the required settingsefqrerimental data-recording

- create pupil worksheets so they had to writetls ks possible, and distribute them at
the end of the previous lesson to prevent diswaauring MBL lessons

- not engage in monologues, but must lead the lesgpertly because all discussion is
designed to activate pupils by posing appropriatstjons

- engage all pupils by asking them to express th@irion to proffered ideas

- provide step-by-step assessment and feedback arpepd’s ideas

- lead discussion as simply as possible

- make the discussion as easy and clear as posstitaigiht-forward and not tedious

- avoid imposing teacher’s ideas on pupils

- never belittle ideas expressed by pupils, and hmivaclassmates to mock each other’s
ideas

- ask pupils to formulate reasonable statementsjspould not only guess

- use the inquiry-based method and experimentatiatingly in lessons and emphasise
the tasks that pupils are to solve
Pupils should also know and respect the basic nfldgscussion:

« only one pupil can speak at any time

» when someone speaks, others listen to the statewop

» everybody can express themselves

» the discussion should not be disturbed by diffepmtivities or inappropriate remarks,
and no opinion can be belittled or mocked

Conclusions

This work explores implementation of MBL and ingubased chemistry lesson
models in Slovak Republic basic schools. Pupilsehao experience with this type of
education here, so we were particularly interestechow pupils and teachers would
interact, the level of pupil cooperation with tle@t¢her, what problems arose for both pupils
and teachers and how these could be solved. Wefdinercreated models on the topic
“Chemical Reaction” using MBL and inquiry-based rlgag in primary schools and
introduced them in school practice. We video-taffezbe lessons to collect relevant data
and evaluated it with qualitative analysis.

The experience gained in the implementation-phasefirmed that -effective
teacher-pupil communication is the most complexeastcing teachers. This particularly
concerns the formulation of predictions and coriols which demands strong
commitment, determination and skill from every te&c The next requirement resulting
from our work is to achieve pupil active engagemarthe discussion. It is paramount to
find an efficient way to encourage as many pupis passible to participate in the
discussion, and involvement of only the few mogtvacpupils should not be considered
satisfactory. A further teaching challenge wasdbieve pupil rule-observation during the
lesson, and particularly in the discussion. Witly feservations, pupils managed this task
and cooperated with the teacher. The lesson modsdsired good planning and
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construction; and modifications gained from experé improved pupil motivation,
maintained their interest in the topic and gainadipipation of as many pupils as possible.
A set of working rules was created, and this inetlidthe teacher’'s ongoing evaluation of
lessons and initiation of any changes required risuee successful application of the
models in our schools. This evaluation would aldentify any issues which required
further research and resolution.

The experience gained from constructing and testing model lessons and from
subsequent analysis of the video recordings prévaisinquiry-based learning and MBL
can be successfully included in primary educatidthile the appropriateness of this
combined approach is established in previous rekeaur results prove that inquiry-based
and MBL activities can be competently integratedtéacher demonstrations. Despite
encountered difficulties, our lesson models artablé for even the most basic terminology
such as “chemical reaction” and they can easilyripdemented in our education process.

Wider planned research is aimed at creating MBLiagdiry-based lesson models for
additional school subjects with rules modified tit specific teaching material. Finally, we
consider that problems encountered in teacher/popihmunication in other lesson
contexts should be addressed as we have done madel lessons. Better communication
in these areas will surely enhance pupil-oriengattiing methods.
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W JAKI SPOSOB UCZNIOWIE MOG A ZOBACZY C TO, CO JEST
NIEWIDZIALNE?: MO ZLIWO SCI DOCIEKANIA PODCZAS REALIZACJI
EKSPERYMENTU W SZKOLACH PODSTAWOWYCH

Abstrakt: Przeanalizowano trudéc i wyzwania dla nauczycieli w zakresie wgraia mikrokomputerowego
laboratorium i edukacji opartej na dociekaniu waakh podstawowych, w ktérych uczniowie nie bylddawani
tego rodzaju edukacji. Aby to agina¢, wdrazono modele lekcji z arkuszami roboczymisgieconymi reakcjom
chemicznym analizy i syntezy; z pokazaméwi@dcze i utrwalaniem kadej lekcji na wideo. Nagrania te zostaty
przeanalizowane jakoiowo, koncentryjc sk na okolicznéciach prowadzcych do zwgkszenia lub zmniejszenia
uwagi uczniébw na odpowiednich wydarzeniach, orazwmlity na sformutowanie pdniejszych wnioskéw.
Doswiadczenia zdobyte podczas wiaaia lekcji modelowych dowiodhye osigniccie skutecznej komunikacji
nauczyciel-uczé bylo najwiksz trudndcia ograniczajca sukces nauczania. W szczegd@hiodotyczyto to
formutowania przewidywa i wnioskéw, ktére wymagaj od kadego nauczyciela silnego zaaagaania,
determinacji i umiejtnosci. Kolejna trudndicia byto zapewnienie aktywnego zaangaania uczniow w dyskusj
Dlatego zostat stworzony zestaw ,zasad pracy” ngieli, aby zwekszy¢ sukces w tej innowacyjnej formie
edukacji.

Stowa kluczowe:reakcja chemiczna, éwiadczenie pokazowe, edukacja naukowa oparta naeldotgach,
laboratorium mikrokomputerowe, arkusze robocze



