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NA POZIOMIE SUBMIKROSKOPOWYM,
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Abstract: It is not easy for secondary school learners taprehend the concept of chemical equilibrium at the
level of understanding. In this context, a feedbiadknportant for the teachers to optimize theiphe students in
constructing this concept. We designed and testisdo$ particularly prepared tasks, the solutiowlich reflects
the depth of understanding of the basic concephatroscopic, submicroscopic and symbolic repretenta
Difficulties in understanding the chemical phenomend concepts do not result only from the exigafdhese
three levels or from their explanation using atestncepts, but also from the lack of interconioacbetween
these representations. Consistent interconnecfidhege levels can lead to an internal conflicsindents, and
consequently to a more profound understandingetincept or relationships between concepts afptailevels
of representation to understand them or to chamgentaning of one to another. There is also a dosaection
with the aspect of memory, algorithmic and concebt@pproaches to solving educational situationsiclwh
extends dimensionally and reinforces the need favoee comprehensive grasp of learners’ masterhefytven
concept. The teacher cannot expect that the leamwwéhout intensive training, e.g., only by obsagiithe
macroscopic representation, can interpret the esseh the submicroscopic representation. Thereftrese
aspects need to be consistently involved in theaihofdlearners’ cognitive process early enoughpplyathem in
the educational practice without any problems.

Keywords: chemical equilibrium, equilibrium constant, cheatitriangle, level of comprehension

Introduction

A good feedback is the basic prerequisite for inaprg the education outcomes.
Therefore, the attention of the didactic commurnigyfocused on the recognition of
the quality of curriculum comprehension. There hheen several streams regarding this
issue registered so far. One of them was to firtctloes level of understanding of chemical
concepts in learners. Several authors have triedveal what concepts are problematic for
students to understand and why, whether it is atistess of the concept,
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non-understanding of the essence, the meaningefitesentation of the concept, or any
other factors which can account for it. At preséng related research is primarily carried
out via identification and detection of misconceps. As early as at the end of the last
century Nakhleh and Mitchell [1] pointed out toghisk that most learners understand
chemical concepts only at the level of memory godthmic mastery, while the minority
of them is also able to achieve the conceptualpgofshe given concept. At the same time,
the algorithmic approach discourages learners fammceptual understanding [2] and
prevents them from solving the problem.

A broad spectrum of concepts in chemistry bringeauanber of problems in their
understanding by learners. Misconceptions in géremd physical chemistry have been
studied very thoroughly as follows: topics suchgas laws (Charles Law, Boyle's Law),
stoichiometry [1, 2], chemical equations, empirifimulas, densityBohr atomic model,
Heisenberg principle [3], electrochemistry, chemikimetics, acids and baseshemical
bonding [4], redox reactions. Even macroscopic amdroscopic understanding of the
concepts by 7-10 years old children [5] was studtethe field of states of matter, particle
composition of matter, phase changes and dissoliihg understanding of all three levels
was studied by Hinton, Nakhleh [6] in the topicabfemical reaction, Ghirardi et al. [7]
in the topic of chemical equilibrium.

In the curriculum of general chemistry, the conceptchemical equilibrium is
considered one of the most difficult to understand yet one of the most important [8-10].
Several researchers justify this fact by its alestva, interconnections with other
hierarchically subordinate concepts [11] such astesy, reaction, mixing, reversibility,
dynamics [12] as well as by the fact that the clwaimiequilibrium is the basis for
understanding of other chemical concepts (acidsedasolubility, redox reactions, etc.)
[13]. Moreover, many students also classify thentibal equilibrium among the concepts
difficult to understand [14].

In the field of chemical equilibrium, researchersavé identified several
misconceptions. For example, Pedrosa and Dias ifiEtitified 33 problematic words or
phrases in Portuguese chemistry textbooks; Bilgirale [14] highlighted 10 areas in
chemical equilibrium where misconceptions arisehedt misconceptions concern the
approach to chemical equilibrium, characteristi€slemical equilibrium, understanding
the conditions of change in chemical equilibriuhe tole of a catalyst [14], the notion that
the reaction can proceed backward only if the fodwaaction is terminated [15] as well as
predicting the conditions of equilibrium [16]. Theyso include distinction between the
conditions that characterize completion and rebsieactions, the impact of factors on
the value of the equilibrium constant as well asid®a that in a state of chemical
equilibrium there is a simple arithmetic/linearatgdnship between the concentrations of
reactants and products [17]. According to [14], tilygic of chemical equilibrium is unique
because when teaching the misconceptions may aemuto the similarity with everyday
experience as well as the abstractness of thisgohemon.

Feedback is essentially conditioned by the qualftyhe resources used. Even in this
area some developmental trends can be observede veiploring the depth of
understanding requires the design and use of $péwoifis. One of the first tools applied to
measure the understanding of concepts in chemisiased on the use of non-mathematic
conceptual tasks in a two-level test including fipldtchoice tasks based on understanding
the representation of a phenomenon or concept antdsequent concept justification - was
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the test used in the 90's by Mulford [18] namedGi@# (Chemistry Concept Inventory) and
should have indicated the level of misconceptiongeneral chemistry in undergraduates.

The depth of understanding of chemical concepts Ie@sn monitored through
conceptual tasks and two-level tests for a longetifiwo-level tests make it easier to
identify misconceptions in learners and examinentineore precisely on a larger sample of
respondents. The first level consists of a multgiieice task and the second one requires
the justification of the choice in the first le\jgB]. Although there is a risk of guessing the
answer and random selection of answer, this problem already been solved by
introducing a third level [20], where responderiteidd show their certainty by expressing
their attitude to a given problem and concept cahension. Advantages of conceptual
tasks and two-level tests is the use of so-callathc€pt inventories that contain
multiple-choice tasks (many of them are two-levets) and are used to indicate the level
of misconceptions in learners. In general, theyewgsed as criteria tests to determine the
current level of learners’ knowledge in a sele@desh. Since the 1990s many of them have
been designed with a focus on the comprehensiosciehce concepts: Multiple-choice
mechanics diagnostic test, Force Concept Inver(te@}) [21], Energy Concept Inventory,
Chemistry Concept Inventory [18], Biology Concepvéntory (BCI) [22], Molecular Life
Science Concept Inventory, Science Literacy Contepntory. Farand and Tavares [23]
elaborated the concept inventory including morentB&0 tasks in 10 subcategories to
evaluate the knowledge of students in chemicalresgging involving the topic of chemical
equilibrium in several subcategories. The use @fimgatasks technique (one algorithmic
and analogical conceptual) was also considered ritapioin identification of the depth of
understanding of chemical concepts by novice unddrgtes.

Our aim is to contribute to this issue by improvitite feedback, as well as by
designing and verifying the application of specifieasuring tools to allow for a deeper
insight into the understanding of chemical equilibr concepts.

Research conducted all around the world also paintsto the fact that children,
learners [14], pre-service [8, 16] as well as insge chemistry teachers [8] face a problem
with understanding the submicroscopic and symbtdieels of chemical equilibrium,
because they are abstract and the students aasaié teachers miss sufficient experience
with them. The most common measuring tools to detbe chemical equilibrium
misconceptions include either two-level tests, egeastion interviews or worksheets.

Aims and objectives

In our research we have set the aim to comprehelgsiunderstand learners’
knowledge of chemical equilibrium after the initinformation about the chemical concept
to redesign the basics of innovative approachesskxt on the enhancement of this part of
the didactic system of chemistry teaching. Ourighgoal was to find out the depth of
grasp of this concept at the level of macroscomaobmicroscopic and symbolic
interpretation in their interconnection. Our resbashould also reflect the student's grasp
of this chemistry topic at the level of memory mghuction, algorithmic mastery and
conceptual comprehension, and recognize the irperdknce of these levels.

Although we conducted the research on Slovak lesyise we worked with the Slovak
didactic system, we are convinced that despiteuttiqgueness of each didactic system in
different countries and different material and esroit backgrounds, there is still enough
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common attributes that can be applied in a moreegéncontext regardless of the

differences mentioned.

Regarding these goals, we set the following rebequestions:

1. How do the 16-year-old learners master the qunaEchemical equilibrium after the
initial experience with a given chemistry topic iterms of macroscopic,
submicroscopic and symbolic interpretation andrtimérconnection?

2. What is the extent of learners’ memory, algmonith and conceptual mastery of the
related concept?

Methodology of research

As a research tool five sets of tasks were usediimesearch.

Since all subtasks of one set were based on the pawhlem given in the assignment,
it allows us to understand the learners' comprebensf the key aspects of chemical
equilibrium much better. At the same time we tiedake advantage of the character and
benefits of conceptual tasks.

The individual topics concerned the understandihgeweersible reaction, equilibrium
constant and the impact of temperature, pressund, change of concentration on
stabilizing the new equilibrium.

Each set consisted of subtasks reflecting the megmaproduction, algorithmic level
and conceptual mastery of selected nodes relatethémical equilibrium. From another
point of view, each set of tasks involved at l¢ast levels of representation of the studied
knowledge at the same time - the combination of rowmpic, submicroscopic and
symbolic levels of representation. In terms of fubtask format, there were two format
types - either open-ended questions, or a multipééce.

The objectives of individual sets of tasks wereicttired in order to check conceptual
mastery of the concept of chemical transformatitm,identify the understanding of
a concept of incomplete chemical change, reveitsilof some reactions, to recognize the
conceptual mastering of the state of chemical éxiiin for reaction systems at different
temperatures, especially in the context of algarithknowledge about how to determine
the thermal effect of reactions and an algorithmsfufting the chemical equilibrium due to
changes in temperature, to map the state of theeptumal mastering of the equilibrium
constant in the context of interpreting the extehtnetabolism, to detect the conceptual
mastery of the impact of pressure and concentratiothe equilibrium system.

The entire set contained five sets of tasks inalgdi5 subtasks in total. The subtasks
were divided into individual interpretations asldas: 6 concerned submicroscopic
interpretation, 6 symbolic and 3 macroscopic intetqtion of the essence of chemical
equilibrium. The students could have achieved marin¥d points per each subtask,
60 points in total.

Descriptive statistics

Here are some of the characteristics of our rebetwol. The data obtained were
processed by Excel and Statgraphics 17.1.08 andetberiptive characteristics - sensitivity
via Ferguson'® and reliability via Cronbach - were calculated. The value of Ferguson's
o equals to 0.96, and since the value is greater @20, it means that the research tool is
sensitive enough.



Learners’ understanding of chemical equilibriuns@microscopic, macroscopic and symbolic levdl®]

To evaluate the reliability of the research toolwsed Cronbach. The value of 0.57
does not exceed the value of 0.7 at which theisestgarded to be reliable. Nevertheless,
we considered this value as acceptable, becausedbarch tool has mainly a diagnostic
function.

In order to ensure the content and face validity,asked teachers to evaluate the test.
The test was assessed by four university teacHerhemnistry and didactics of chemistry
and five secondary school chemistry teachers. Expemsider the created research tool
valid to find out the depth of understanding thaaapts related to chemical equilibrium.

Research

The research was done at Slovak schools in 201¢.mMédasurement was carried out
half a year after the related topic was taught he students. The learners had
a 45-minute limit to complete the test, but mostttedm managed it within 30 minutes.
Altogether, 22 classes from eight Slovak schoolsewevolved in the research including
473 secondary school learners (about 16-year-olds)onThe learners came from
15 different teachers.

Results and discussion

Phenomenon analysis

Due to the lack of space, we provide a sample af $ets of tasks as well as the
phenomenon analysis of their solutions. We intewily selected two examples that differ
both in the character of the subtasks and focus. firet example is the set of tasks that
aimed at the interconnection of submicroscopic symbolic representation of chemical
processes. It contains multiple-question tasks.

The second example is the set of tasks includirepnapiestions and focused on the
interconnection of symbolic and macroscopic repregon.

Example 1 - assignment

1. The first two figures show the condition before mgthe substances.
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Circle the correct answer.

1.1. What do the figures describe?

a) no conversion of substances

b) physical change

¢) mechanical mixing

d) chemical change
1.2. What conversion is shown in the figures?

a) irreversible

b) reversible

c) backward

d) no conversion
1.3. Changes displayed in the figures can be syigdilyl written down as

a) A +3B, -~ 2AB;

b) 3A,+ 9B, - 2AB;

C) A, + 3B, == 2AB;

d) itisimpossible to write it down

The Set of Tasks 1 demonstrated in the first exanfptused on identifying the
conversion of substances based on its graphicaaNzstion and on the symbolic record of
the equilibrium reaction.

In Task 1.1 about 72.5 % of learners correctly fdie that the figures displayed
a chemical change, since the original bonds weokedor and new ones were formed.
The remaining 27.5 % either did not answer the tipesor thought it concerned no
conversion of substances or a physical change. Menvehe largest part of incorrect
answers (62 %) was represented by the one regattiegdepicted phenomenon as
a mechanical mixing. This group of learners eitthier not realize that mechanical mixing
does not lead to a break-down or formation of newds or they were unable to understand
the Figure 3, which showed a different arrangenoérttoms. Overall, it can be stated that
in terms of submicroscopic representation the ka@rmiemonstrated the understanding of
the essence of a chemical reaction.

We based the analysis of Task 1.2 on a postulate ttte learners, who had not
identified a chemical change in Task 1.1, were waykwith a wrong initial assumption.
Therefore, we decided to analyze only the answitfsab group, which solved the first task
correctly. Only 24.7 % of these learners stated tina figures show a reversible reaction.
The largest group (up to 64.5 %) did not realize itcomplete conversion of the starting
materials into the products even though both re¢steemained in the reaction mixture.
Thus, they opted for a one-direction reaction asrtaAnswer. A smaller group (7.4 %)
claimed that it is a backward reaction, which mayrélated to the mix-up of the concepts
of backward and reversible reaction.

Task 1.3 focused on identification of learners'amthnding of the chemical reaction
at the level of a symbolic representation. Outhef kearners, who correctly stated that the
reaction was reversible in the previous step, theme 55.4 % of those who also correctly
selected the symbolic record of the reaction. Alenaumber of learners (16.9 %) chose
an alternative that showed a one-direction reactod up to 26.5 % opted for the answer
with all the molecules depicted in the figure oe gide of reactants, i.e. also molecules
which did not react and thus "were not involved”tie reaction. Only about 1.2 % of
learners stated that it is impossible to write ddlaenconversion.
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Overall, the analysis of the Set of Tasks in thetfexample has shown that most
learners can identify a chemical change at the &ibstopic level from the figures, but do
not realize that in most chemical reactions thersn¢complete conversion of the reactants
into the products, and thus the reactions run ssrséle rather than in one direction.
Almost half of all learners, regardless of theieyious answers, wrote down in their
symbolic record all the molecules depicted in Fég8r

In total, only 9.7 % of learners followed the fallimg thought line: the figures show
a chemical change (first part) that is reversildecond part) and its symbolic record is
A, + 3 B, == 2AB;(third part).

It results from this analysis that although theheas partially understand the attributes
of this aspect of chemical reactions (in particuidentifying the chemical reaction at
submicroscopic representation level), they misemwtitributes (the lack of differentiation
between one-direction, reversible or backward feakt Moreover, learners’ grasp of
guantitative ratios of the reaction in a symbo#pnesentation is also insufficient (the lack
of differentiation between the starting amount @ifstance and the amount of substance in
the stoichiometric ratio of reactants and produdtspther words, the way of how this set
of tasks was solved has indicated significant sloonings in the conceptual mastery of the
related aspects of chemical reactions.

Example 2 - assignment

The figure illustrates the procedure of a chem@gleriment leading to equilibrium
state in solution 3 after the solution 1 containihg dissolved substance A and solution 2
containing the dissolved substance B are mixedtbege

/7 N
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50 50

J
Solution 1 Solution 2 Solution 3

2.1. Write down a general chemical equation, udliegletters A, B ..., in order to express
the essence of the experiment
If a small amount of a more concentrated solutibrsubstance A is added to the
solution 3 in the next step, we will observe adwling change:

concentrated solution
of substance A

Solution 3
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2.2. Explain the essence of the observed effect.
2.3. What is another way of achieving a similaeeffto that in the previous step?

The concept of chemical equilibrium in terms of t@nge in equilibrium due to the
addition of the reactant was examined in the Sefasdks 2 in the second example. We
focused on this phenomenon from the view of the iined macroscopic and symbolic
representation. Regarding the difficulty of the k&asit concerned algorithmic and
conceptual level.

The results suggest that the learners can transtheminformation provided in
a graphical visualization depicting the equilibrigimift experiment to a symbolic level well
enough (80.7 %). Unfortunately, the recording o #muilibrium state was considered
inadequate. The reversibility of the chemical riesctwas showed in minimum in the
symbolic record (2.3 %). This suggests a weak ammoh®f the reversibility of chemical
reactions in learners’ comprehension and, at thmestime, a lack of experience in
recording the reversible reactions.

Because of the success of Task 2.2 solution, itbEamsaid that the relatively good
symbolic representation and mastering of the algarifor recording the chemical equation
of one-direction chemical reactions does not méanadequate conceptual understanding
of chemical equilibrium. In Task 2.2 the learnevhp were supposed to interpret the nature
of the graphically depicted observation of the cioaiexperiment, were less successful.
It is evident that absent responses (15.2 %) amdstiutions that were not based on
chemical equilibrium (57.3 %) prevailed in this kadajority of incorrect explanations
were not based on respecting the fact that it iscauilibrium system. The missing notice of
the reversible reaction in the chemical equationthe symbolic representation was
probably not accidental. It did not result from 1{aek of attention or inconsistency of the
learners.

It can be concluded from the analysis of this tidasit most erroneous answers, in fact,
did not involve any explanation. It was a differemay of describing the observation
(darkening of the solution after adding the readtabther incorrect answers reported that
there was an increase in the product concentrabion,the explanation of the gist of
observation was not explicitly completed. Anotheacceptable answer - that the darkness
of solution was caused by a faster reaction, etgas also monitored in a relatively big
number of cases. The analysis suggests a probldeawfers with the conceptual grasp of
the essence of chemical equilibrium.

One of very interesting findings was that in Task @p to 18 % of learners were able
to appropriately suggest an adjustment of the éxmertal procedure that would lead to
a similar result to that in the assignment.

The rest of students either did not solve the tasskheir suggestion was wrong.
The three-fold representation of an acceptabletisolun learners’ answers in Task 2.3,
compared to the proven understanding of the essentask 2.2, suggests that a certain
number of learners, even without a real comprelensi the problem, can propose an
acceptable solution due to their ability to applg ainalogous procedure.

The overall interpretation of the analysis of thet 8f Tasks 2 results in the second
example revealed a weak mastery of students’ ioterection of macroscopic and
symbolic representations of chemical equilibrium.

Conceptual understanding of the new equilibriunerafhtervention in the original
equilibrium state does not affect the positive lssof drilling the symbolic record of
a chemical reaction. A significantly weaker anchgrof the record of reversible reactions
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can be identified also in the results of this alljponic level (partially perhaps also
a memory one) of mastering the given chemistry ephcApparently, less attention (or
time spent in the lessons) is paid to this issuktharefore it is not sufficiently built in the
knowledge structures of learners.

In macroscopic representation, the learners capgsean acceptable solution to affect
the equilibrium even without sufficient conceptumhstery of the equilibrium from this
point of view. This is positive enough, but stillewset higher goals when teaching.
The analysis of learners’ answers also indicates dlecurrence of misconceptions
associated with the lack of differentiation betwéas effect of concentration change on the
rate of a chemical reaction and the effect of cotre¢éion change on the establishment of
a new equilibrium in the equilibrium system.

Quantitative analysis

Our quantitative analysis of the obtained resultarts with the descriptive
characteristics of the obtained data set (Tabl&'fi¢. total number of learners enrolled in
the research was 473. Since all tests were not ledehyp filled in (some of the learners
either did not report gender or chemistry markyjouss counts were dealt with in further
analyzes. In each analysis, only the tests thaé wempletely filled in with respect to the
observed characteristic, were taken into consiaerat

Table 1
Descriptive characteristics of the data set

Descriptive characteristics of the data set
count 473
success rate [%)] 51.6
arithmetic mean 31.0
modus 29
median 30
standard deviation 6.16
max. 50
min. 16

Of the total 60 points the learners achieved amamee of 30.96 that accounts for
a 51.6 % success rate. Based on this resulteitigent that, on average, about half of the
tasks on the chemical equilibrium were not solvgdhe learners. Although we accept the
fact that this kind of test was new in many waystfe learners, the results suggest a low
level of understanding the concept of chemical ldzriim, and therefore the approach of
its inclusion in the learning process will requs@me innovation.

In the second step of the analysis we tried to fimtlwhether there are differences in
the performance of learners in submicroscopic, ®fimland macroscopic interpretation of
the chemical equilibrium concept.

As it can be seen in Table 2, the learners werenibst successful in solving the tasks
related to symbolic interpretation and the leasiceasful in those based on macroscopic
interpretation. This can be explained by the faett the symbolic interpretation is given
considerable attention in the Slovak didacticsesystalthough it is rather based on the use
of memory or simple algorithms. In addition, a jpantof the point gain in the tasks about
the symbolic level could also have been obtainedutjh the memory and algorithmic
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level, which eventually was reflected in the oviemadint gain in this part of the results.
Although, in our opinion, the macroscopic level gldohave been the closest to the
learners, the results show that the learners fambiggest problems exactly when solving
these tasks. The reason may be that there is icisuff attention paid to the observation of
experiments and a follow-up interpretation. As sufg the learners are unable to capture
the relevant facts in this context and draw realsleneonclusions.

Table 2
Success rate of learners in individual interpreteti
Interpretation Symbolic Submicroscopic Macroscopic
success rate [%)] 58.5 55.8 29.4

The significance of differences in learners’ pemfance in individual interpretations
was examined using a pairetest (Table 3) and it was found out that the défees in all
pairs of interpretations were statistically sigrafit.

Table 3
Comparison of learners' performance in differeterpretations
Interpretation t
Submicroscopic - symbolic 345
Submicroscopic - macroscopic 77.29
Symbolic - macroscopic 21.70

™ Statistically significant difference at the lewl0.01

We also examined the tightness of the relationshgtween the individual
interpretations by means of correlations. We ugaeh8nan's correlation coefficient, as the
processed data did not meet the normal distribudiaria.

As it can be seen in Table 4, there is a statifficignificant relationship between
each pair of examined interpretations. Differen¢esyever, are observed in the tightness
of relationships. The closest relationship was med between symbolic and
submicroscopic interpretation witR = 0.42. We can designate this relationship as
a moderate correlation. The lowest vaRie 0.29 was indicated between submicroscopic
and macroscopic interpretation of the essence @hatal equilibrium. The results suggest
that these are other aspects of mastering the ppbo€ehemical equilibrium and therefore,
the tightness of their relationships is limitedyotd moderate or low levels.

Table 4
Correlations of learners' performance in individin&rpretations
Interpretation R
Submicroscopic - symbolic 0.42
Submicroscopic - macroscopic 029
Symbolic - macroscopic 0.33

™ Statistically significant difference at the lewl0.01

2n this case, the Sign Test was used for compabisgause the processed data did not meet thetioosdor
normal data distribution
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One of our research goals was also to explore ticeess rate with regard to the
internal structure of the monitored set of learners

Firstly, our effort was to observe if there arefatiénces in understanding the concept
of chemical equilibrium in submicroscopic, symbolmd macroscopic interpretation
between the genders. In the analysis, 244 girlsl&®dboys were included. Since the data
obtained in both groups did not meet the critesiarformal distribution, a non-parametric
test, namely the Mann-Whithey (Wilcoxowftest was used to compare the medians of the
two groups.

As it can be seen in Table 5, in submicroscopic apchbolic interpretation no
statistically significant difference between thenders was recorded. The statistically
significant difference was noticed only in macrgscointerpretation when the boys were
significantly better than girls. We can assume ihagsults from the fact that boys are more
oriented towards practical activities and relategegimentation and observation than girls.

Table 5
Comparison of boys’ and girls’ performance
Girls vs. boys Submicroscopic Symbolic Macroscopic
girls boys girls boys girls boys
median 14 14 14 13 2 4
W-test 19482.0 18876 21665.5

" Statistically significant difference at the lew$l0.05

Another potential difference in the level of indlval interpretations among learners
was assumed in relation to the overall learning@uies represented by the classificatory
assessment of teachers. The tested sample wasedlividto "A-grade learners"”
(174 learners) and the others (277 learners) katedachers with a worse grade.

The analysis showed (Table 6) that the learnerkiated by their teachers as excellent
achieved statistically significantly better resuits all monitored sections - symbolic,
submicroscopic and macroscopic interpretation. uggests that the level of all three
interpretations of the gist of chemical equilibriima given research tool corresponds with
other tools characterizing the learner’s perforneaimcchemistry. The best learners show
statistically significantly better results in aitérpretations.

Table 6
Comparison of learners’ performance and teacheeduation

A-gc:;t‘i; :Zg:gzi Vs Submicroscopic Symbolic Macroscopic
A-grade other A-grade other A-grade other
learners learners learners learners learners learners

median 14 12 15 13 4 2
W-test 19742.5 16033.0 20627.5

™ Statistically significant difference at the lewél0.01

In the last analysis, the learners, based on tbeess rate in symbolic interpretation
tasks, were divided into two roughly equally lam@ups of the better ones (those with
14 or more points out of 24) and the worse onessétwith 13 or less points). The group of
more successful learners was represented by 23helsaand the other group by
242 learners. As a discriminatory criterion, theigion by symbolic interpretation was
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chosen, as this one was solved by the learnerbeasie as shown in the previous analysis.
In the next analysis, the results of the formedupsoregarding the performance in
submicroscopic and macroscopic interpretation werapared.

Thus, we wondered whether the learners who arerbattwriting the phenomena at
a symbolic level are also better in submicroscopi@d macroscopic interpretation.
The results of the created groups were compared) ddann-Whithey (Wilcoxon)N-test
because the data sets showed deviations from tmeahdistribution. As it can be seen in
Table 7, at both compared levels - submicroscopit macroscopic interpretation - there
are statistically significantly better learners whohieved better results also in symbolic
interpretation. When taking into consideration thet that, in symbolic interpretation tasks
the learners used mainly memory or algorithmic mésh and in other interpretations,
especially conceptual mastery, based on the olgtaiesults it can be assumed that those
learners, who applied memory and learned algorithretter, also showed a better
conceptual mastery of the concept of chemical dmgiim in submicroscopic and
macroscopic interpretation.

Table 7
Comparison of learners’ performance accordingggrabolic level

Weaker vs. better learners

) ] Submicroscopic Macroscopic
according to a symbolic level

weaker better
weaker ones|  better ones

ones ones
median 12 14 2 4
W-test 38020.0 35444.0

™ Statistically significant difference at the lewdl0.01

Conclusions

The use of the research tool in our research haggbt several interesting facts. From
the results of phenomenon analysis concerning tickergtanding the concept of chemical
equilibrium, we can conclude that that learners gaderstand correctly the information
they are provided in graphical visualization of sutroscopic representation of the
chemical reaction. They can distinguish betweersjglay and chemical changes. However,
they are significantly weaker at realizing the impdeteness of chemical transformation
from the information provided such way. As a resthleir comprehension of the terms of
forward, backward or reversible reaction is muchrsgo It was indicated by learners’
mistakes in symbolic record of the provided suboscopic representation in the chemical
equation. The interconnection of submicroscopic aghbolic representation does not
seem to be appropriate, probably due to the abseincecessary memory knowledge and
the use of suitable algorithms, but an incorrecepgée understanding of the given
phenomenon may also be a reason. Thus, the coategtasp of the concept of
equilibrium system seems to be inadequate.

In terms of identifying the understanding and ugimgconcept of equilibrium constant
we can again state that learners are relativelysfaatorily able to recognize the
relationship for the equilibrium constant of theregi system from the provided graphical
visualization of the submicroscopic representatadsp that it is the equilibrium system but
when it is necessary to involve the memory knowtedgd algorithmic methods, they are
weaker at writing the equilibrium constant of theegn system in a symbolic representation.
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They fail considerably in solving the requiremeatdalculate a numerical value of the
given equilibrium constant from the information pided as well as to draw conclusions
about the given equilibrium system from its val\e can state the weak conceptual grasp
of the concept of equilibrium constant, althougk tearners do fairly well in memory
knowledge and algorithms. One of the causes bahimdetected situation is probably also
the weak interconnection of submicroscopic and jimlepresentation.

When assessing the performance of learners reggtidéninfluence of the equilibrium
by change in temperature, we found out that froengtovided graphical visualization of
submicroscopic representation of the equilibriumstessn at different temperatures
a significant majority of learners can determinattihis a change in the equilibrium due to
a change in temperature. Likewise, in majority sabe learners chose the right answer in
relation to the equilibrium constant at differeetmiperatures, in claiming the exo- or
endothermic nature of the forward reaction, and &als determining the impact of
temperature changes on the equilibrium system.allvantage of multiple verification of
this knowledge in the used research tool is thatareidentify random factors that distort
the result. At the same time, only a third of tearhers answered correctly the both tasks
dealing with the temperature impact on the equilitor system correctly. This suggests
a possible isolation of learners' knowledge anaritlyms, but it is rather the impact of
random correct answers in individual subtasks albwy multiple-task character of
individual subtasks in this set of tasks. Despitelatively high number of correct answers
in all of subtasks, we tend to be on the side akve@onceptual understanding of this aspect
of chemical equilibrium.

Another attribute of chemical equilibrium that wessamined in the Set of Tasks 4 was
the influence of pressure on the equilibrium systbemnthe informative introduction to the
situation, we combined submicroscopic and symbalid, in part, also macroscopic
representation of the graphically visualized eguilim system. Regarding the character of
subtasks, we had selected the two-level test diesn in this set, the learners had no
problem to identify the submicroscopic represeatatf equilibrium system. They also
master the symbolic representation of this systemvell as the algorithms to solve the
given situation. Nevertheless, only a fifth of thepuld combine all these attributes in the
conceptual solution of the set.

In the last set of tasks, we focused on learnergletstanding of the impact of
concentration on chemical equilibrium. The resuhdicate that a good mastery of
macroscopic and symbolic representation of a gis#tnation does not yet mean
a conceptual grasp of a given attribute of chemézplilibrium. Learners’ answers also
indicate the mastery of necessary algorithms, aa the lack of real understanding and
ability to apply the presented knowledge. The cphea grasp of the given concept will
require change both in the teaching and learnimargeses of this part of chemistry
education.

We can say that it is the phenomenon analysisefdkearch results that leads us to
the above conclusion.

Moreover, the quantitative analysis of the colldadata suggests that the change in the
education conception including this part of chergidtas been required by all learners
involved in the analysis - girls, boys, excellendaveaker learners, both successful and
unsuccessful ones in solving the tasks of the agpksearch tool.

We believe that the approach introduced by Ghiratdal. [7] might be a suitable
starting point in this endeavor for change. Howgeewhole series of further research on
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this issue will still be needed. From the analyiour research, it can be stated that the
learners' understanding of submicroscopic, macmsa@nd symbolic representation of the

observed chemistry concept is somewhat relatechéoamother, but their correlation is not

very significant. This conclusion will have to bespected in the educational process.
Similarly, it also seems to be related to the taenection of memory, algorithmic and

conceptual levels. The mastery of individual levaidl representations will have to be
meaningfully combined in active and intensive agdion by learners. Otherwise, the

learners will be able to memorize the definitiotiigorems, the algorithms, but they will

still miss the real essence of chemistry concepts.
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UCZNIOWSKIE ZROZUMIENIE ROWNOWAGI CHEMICZNEJ
NA POZIOMIE SUBMIKROSKOPOWYM,
MAKROSKOPOWYM | SYMBOLICZNYM

Abstrakt: Uczniom szkdkrednich nie jest tatwo zrozundigoojecie réwnowagi chemicznej. W tym konteie
wazna jest informacja zwrotna dla nauczycieli, abytyomlizowa ich pomoc dla ucznidéw w konstruowaniu tej
koncepcji. Zaprojektowano i przetestowano zestapgcglnie przygotowanych zatlaktérych rozwizanie
odzwierciedla gibokas¢ rozumienia podstawowej koncepcji w reprezentagkraskopowej, submikroskopowej

i symbolicznej. Trudn&i w zrozumieniu zjawisk chemicznych i péjnie wynikaj jedynie z istnienia tych trzech
poziomdw lub z ich wyjénienia za pomag abstrakcyjnych pef, ale take z braku wzajemnego pokenia
miedzy tymi reprezentacjami. Odpowiednie wzajemneaqmanie tych pozioméw nie prowadzi do
wewretrznego konfliktu w umystach uczniéw, a w konsekeiedo gkbszego zrozumienia koncepcji lub relacji
miedzy pogciami na wielu poziomach reprezentacji, aby je ariec lub zmient ich znaczenia. Istnieje réwrie
scisty zwigzek z aspektem pagai, algorytmicznym i koncepcyjnym podejem do rozwizywania sytuacji
edukacyjnych, ktory rozszerzas swymiarowo i wzmacnia potrzetbardziej wszechstronnego opanowania przez
ucznia danej koncepcji. Nauczyciel nie zooczekiwg, ze ucacy si bez intensywnego treningu, np. tylko
obserwujc makroskopow reprezentagj mog interpretowd istot submikroskopowej reprezentacji. Dlatego te
aspekty muszhby¢ konsekwentnie wiczane w model procesu poznawczego ucznia wystaotzajczénie, aby
zastosowéje w praktyce edukacyjnej beadnych probleméw.

Stowa kluczowe:réwnowaga chemiczna, stata réwnowagi, goghemiczny, poziom zrozumienia



