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Abstract: In this paper, we focused on the results of rebgawhich we have conducted to ascertain the
knowledge of Slovak students who have just finistteglr lower secondary education concerning théctop
chemical reaction rate. The study was attended lgtal of 320 15-year-old graduates of basic chewnis
education belonged to several schools. Studentsiladge was found through didactic test consisfedl iblem
related to clustering and several two-level tadkee results were analyzed in terms of deeper ihsigb the
students’ understanding of the issue and studeris€onceptions were also identified. The findingiated to the
problems connected with acquiring the concept @nabal reaction rate, especially in relation to stedents’
grasp the mentioned topic at submicroscopic, maopie and symbolic levels of representation weralyeaed.
We managed to investigate the students’ variougdlifies associated with mentioned topic. Severablems
were found. Students have a problem with undersignithe basic term “chemical reaction rate”, relgtit to
bodies in motion, which they know from physics s and everyday life. They also have problems to
distinguish and interconnect information at diffeéréevels of representation. Students often doknoiv which
factors affect the rate of reaction and how. Theydt understand the concepts of concentrationcatalyst and

do not distinguish the terms temperature and H&adents’ knowledge is often only formal and laekseal
conceptual understanding of the problem. Theirisghof problems does not go beyond the algorithievel of
solution and they are not able to solve tasksahanot typically school-related issues.

Keywords: the chemical reaction rate, level of understandimgconceptions, misunderstandings

Introduction

Chemical reaction rate is undoubtedly one of thestnimportant topics in chemistry
education at all levels of education. Pupils leabout basic chemical terms such as
reaction rate, activation energy, factors affectiegction rate, collision theory, catalyst,
inhibitor, concentration, reactive surface area atiters [1]. In addition, the knowledge
that students can get from a given topic are beia¢fespecially in their everyday life -
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storage of food in the refrigerator, cooking foadaipressure cooker, protection of metallic
materials from corrosion or production of inorgaai organic substances.

The educational system in Slovakia is set up itsuway that the students come into
contact with the idea of chemical reaction ratetfa first time in the 7 grade when the
students are at the age of 13. They get to knovbdéisic concepts and principles regarding
the rate of chemical reactions. Once a topic ha® Ipgesented, students should be able to
characterize the rate of chemical reaction throagtiefinite relationship - like that the
chemical reaction rate is the change of concentraif reactants or products for a certain
time. They should be able to distinguish slow aast fchemical reactions based on the
visual expression of the reaction and they shousd &now which factors affect the
reaction rate and how. A part of the lesson is al® practical activity of students
associated with performing various experimentssitiating the influence of factors on the
chemical reaction rate (according to state docus)ent

When it comes to understanding this new and relbtidemanding issue, students can
be confronted by various difficulties. Students mhgve various preconceptions,
misunderstandings and misconceptions that are moaccordance with scientifically
accepted knowledge and negatively affect the ntepissin the learning process. These
misunderstandings, misconceptions, etc. arise, ie.gelation to the understanding of the
rate of chemical reaction as a basic concept. Tidests already know the term “rate”
before they learn about chemical reaction ratenfpiysics lessons or even from ordinary
life experiences, and they primarily relate it todies in motion. Students gain
understanding of this other concept of rate, whioipresses the essence of chemical
phenomena whose nature is not so apparent, withicatifficulties. These are manifested
during the formal acquirement of the basics, dukidgch students often indicate, e.g., the
unit of chemical reaction rate as m/s or are nde @b answer the question at all.
The concept of the speed of movement of bodiesglwlvas acquired earlier, is then
difficult to extend to another meaning. Moreovehile the speed of a moving body can be
easily demonstrated in school conditions throughioua examples and can also be
measured in a simple way and on the other side anynctases, the rate of chemical
reactions cannot even be demonstrated and its me@asnt would be very demanding and
poorly workable.

The role of both the didactics and the teachersnsieéves should therefore be to
identify these difficulties, preconceptions, misceptions, etc. that have built students’
knowledge structures and also to find ways to elaté and prevent them in order to make
the learning process in schools better and morecife. Being aware of students’
understanding of the issue according to the modeldidactic reconstruction plays
an important role in the selection and structudfghe available curriculum, as well as in
the selection of suitable activities in the didactequence. This is a way for students to
conceptually master the issue and minimize theoenae of misconceptions.

Background

Many authors [1-10] have devoted their time to gitogl the level of knowledge and
identifying misconceptions or alternative concepsion the field of chemical reaction rate.
They have managed to reveal several misundersi@gsdinisconceptions that respondents
had rooted in their knowledge structure, and tHey gevealed various difficulties related
to the conceptual understanding of the mentionsuakisThe authors of these studies found
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out that the difficulties with conceptually graspiohemical kinetics have various causes.
For example, the cause of the difficulties is tmited understanding of the particulate
nature of chemical reactions [11, 12]. Misunderdiags also arise because of students’
misinterpretation of the terms of chemical kinetical chemical equilibrium and thus they
cannot distinguish between how far (thermodynamécg) how fast (kinetics) a chemical
reaction will take place [13, 14]. Several studiase shown also large problem in defining
the term “reaction rate”. The reaction rate wasmiany cases, understood to be the time
which reactants need to produce products [1, 2] asllision of substances A and B at
a certain time [1]; as the amount of substanceithansformed into products per unit of
time at a certain temperature and concentration ¢8]Jas the product of reactant and
product concentrations [4]. Several studies havdigoed confusions with understanding
the impact of various factors on the rate of chamieaction. In connection with
temperature, difficulties in understanding of iresed and decreased temperature effects on
the rate of exothermic and endothermic reactions ln@en revealed [2, 4]. The association
of increased temperature with a change in actimaginergy was also found [4, 5]. Data
analysis has shown students’ difficulties in untierding the relationships between
reaction rate and concentration [2, 6, 7] and assunderstandings about the rate of
gaseous reactions being influenced by pressureobrme [8]. Several authors have
discovered a problem with students’ perceptionhef toncept of a catalyst and how its
presence influences the rate of reactions. Accgrtinrsome students, the catalyst does not
react with the reactants or products [4]; or thegogiate its impact with increasing or
decreasing the kinetic energy of the particlesS[4pr with increasing the activation energy
[5]. These misunderstandings have emerged, asnis tout, in part because the students
have a problem with understanding the term “adtivaénergy”. According to the students,
it is considered as e.g., the enthalpy [9]; ther@neeleased during a reaction, or it is
perceived as the kinetic energy available to thetent molecules [2].

Research goal

One of the potential reasons for misconceptions raisinderstandings among upper
secondary school students is that these misconcspsirose during the learning process of
the issue at lower secondary school students. Tirezy form the wrong foundation for the
learning process at the next level of educatiorr. this reason, we have set a goal for
ourselves to find out what the students know aftempleting their basic chemistry
education within their lower secondary educationudtihe topic of chemical reaction rate
and thus what kind of knowledge they bring to nkxtel of education. Based on the
findings, it is then possible to identify the casied the misunderstandings and it is possible
to find ways to eliminate them.

One of the causes for students’ misconceptionsnaisdnderstandings to form may be
the fact that chemical content can be accessedeateBs of representation (macroscopic,
submicroscopic and symbolic levels), but only oh¢hem can be perceived by the senses
[15]. All the levels are nevertheless equally infpot and complement each other [16].
Chemical content and chemical terms can be undmtstmly when the relationships
between the levels of interpretation of chemicaémimena and their differences are
understood. Difficulties at one level can also eadficulties at a different level [17].
The second objective of our research thereforeistusin determining and revealing the
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level of understanding of the concept of chemiadction rate at different levels of

representation and in their concurrent use.

In Slovakia, the issue of chemical kinetics is modamined. Our study therefore
provides a comprehensive view on the students’ nstaieding of the basic terms and
principles in the mentioned topic.

» Firstly, it examines the range of students’ knowtedelating to the phrase chemical
reaction rate and thus monitors the range of thst mged concepts associated with the
mentioned issue.

e It monitors how students who have just completegirthasic chemical education
perceive the different levels of representatiostadmical content, thus exploring if the
students can differentiate and interconnect infdiona from the macroscopic,
symbolic and submicroscopic levels of representatio

e The research also focuses on conceptually undeisghow students understand the
influence of different factors on the rate of cheahireactions.

» It also tries to find out whether the students’ Witexlge is only formal, learned by
memorization, or if the students have also capttiedt conceptual meaning.

* Last but not least, the research provides infolmnatb teachers, who can use the
findings in the selection of teaching methods apprapriate activities for students to
teach the topic.

The findings are also applicable to another didagystem as well. Therefore, research
also provides information to teachers and didactir®ad, because we may encounter with
the same or similar problems in other countries too

Methodology

In the research, we used a research tool that wigrie to provide better insight to
the depth, breadth and character of acquiremethieotoncept of chemical reaction rate.
A detailed description with the specification o&tbbjectives, the full text and the basic
characteristics are detailed in the study [18, i®this paper, we only briefly point out the
basic structure of the tool with the concretizatafngoals. The research tool consists of
4 blocks of items. The role of the first 3 blockaswvto examine the framework of
knowledge available to students at the time of dabion of the research tool and to
influence the real understanding of the chemicattien rate studied in the largest fourth
block.

The first block had the character of clusteringwhis supposed to indicate in what
typical context students from the research samplabined the concept of chemical
reaction rate in microstructure around this concept

The second block explored the students’ knowledj@ted to the model reaction on
which the students had to document their mastethetoncept of chemical reaction rate.
From a chemical point of view, the whole reseaoti ts based on the reaction of zinc with
hydrochloric acid because this is a chemical reactvhich is used to explain several
chemical phenomena and in the Slovak didactic syste one of the model chemical
reactions in several parts of the curriculum. Thezlb consists of 2 items. The first item
aimed to find out if the students knew the symbudipresentation of the chemical reaction
and variously indicate the dominant submicroscapigresentation. The next item then
examined the extent and content of the studentrosaopic representation of the
chemical reaction.
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The third block also consisted of 2 items. It hagxplore the theoretical, abstract and
formal handling of the definition of chemical reiact rate and the related expression of the
size of the quantity in the respective units.

The findings from these three blocks helped todbdtiterpret the findings from the
fourth block, which identified the students’ integfation of the influence of certain factors
on the rate of chemical reaction. The block coedisif 6 two-tier tasks. Gradually, they
explored the conceptual handling of the influen€eancentration, temperature, reactive
surface area and catalyst on the rate of chemgéeaition. The items should therefore show
whether students’ conceptual understanding of dpé tof chemical reaction rate is at the
level of algorithmic mastery, or it has the chagactf conceptual grasp. At the same time,
there is a potential for identifying students’ n@aceptions in this area of chemistry.
For better illustration, we mention at least one-tier task from the second block of the
research tool.

Task 2: In beaker A is 250 érof 30 % hydrochloric acid at room temperature and
2 g of zinc metal. Write the chemical equation it themical reaction that takes place in
the reaction mixture in beaker A.

Task 3: Write which changes we will observe in lak showing that a chemical
reaction is taking place.

In the students’ answers, we anticipated and eteduthe accuracy and completeness
of the symbolic representation of the chemical tieacof zinc and hydrochloric acid.
The most anticipated answer was: Zn + 2HE€IZnCl, + H,. Exceptionally, the ionic
notation of the reaction could occur. In task & thost likely answer was the introduction
of leakage bubbles of hydrogen. The observed oenaer of the formulation could be quite
wide - from “bubbles” to the formula mentioned aboin the answer, students could also
mention heat staining of the reaction, e.g., “mepthe beaker”. Similarly, less likely was
also the formulation as “consumption of zinc”, “demse of zinc” and so on. Because tasks
2 and 3 formed one two-tier item, we could evalubé&m through a frequency analysis. We
could connect the symbolic representation of thermdbal reaction with the macroscopic
representation. Subsequently, we could do the gregation of occurring or absent
visualizations with respect to the accuracy ofdimbolic notation of reaction.

Realization of research

The research was conducted in 2015 and 2017. Tidy stas attended by a total of
320 15-year-old graduates of basic chemistry edhrcatithin their lower secondary
education. The test was administered to the stadeoin several schools approximately
2 years after the topic was introduced. The reésothis time gap, as we mentioned above,
was to investigate the students’ knowledge acqudigihg the basic chemical education at
lower secondary school and which may be used assia for teaching at the next level of
education, upper secondary school. Students unidertjze testing had not been notified of
the test and did not have the opportunity to prepat the beginning of the testing session,
the students were told that the testing was foeanesh purposes, and we clarified the test
objectives and our research goals.
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Results and discussions

Block 1 - Clustering

As we mentioned, the first block used clusteringud8nts had to write terms
associated with the phrase “chemical reaction rafmialitative analysis of the students’
responses showed the dominant use of term temper@d %,n = 182), catalyst (45%,

n = 143), concentration (32 %,= 101) and weight (24 % = 77) so with terms related to
factors affecting the rate of chemical reactionailie6 % f = 18) of respondents also
included in the related terms volume, which cao &ls considered as a factor influencing
rate, but is valid only for gaseous reactions. Redly often, expressions were used related
to the change of reactants to products (reactaft 2= 77, product 22 %n = 71). Terms
like inhibitor (14 %,n = 44), reactive surface area (17 &6z 52), pressure (10 %,= 33)
activation energy (6 % = 18), slow and fast reaction (6 %= 18) were represented in
a significantly smaller number. Rarely also occdrterms e.g. collision theory (0.3 %,
n = 1), particle collision (0.6 %) = 2), activated complex (0.3 %= 1), a suitable particle
orientation (0.6 %,n = 2), a rate constant (1.3 %, = 4), definition relationship for
calculating the chemical reaction rate (0.9r%%; 3) and units in which the reaction rate is
measured (0.3 %) = 1). All of these terms were categorized as ‘Elpselated terms to
the phrase chemical reaction rate” and formed 78n% 956) of all offered terms
(1228 terms). Students’ responses also includedste¢hat were related to the mentioned
phrase in a relatively broader context (4 &= 51). This category consisted of more
general chemical terms such as chemical bonds, ichkmeaction, chemical equation,
particles, molecules, substances, reaction mixtApproximately 6 % if = 79) of the
responses were related to the term chemical reacdi® in an even wider context. These
were general chemical terms such as ions, anidimngébase, acid, metal, alkali metals,
solubility, density, reactivity and thermochemistBome students associated the mentioned
phrase with the external expression (visualizatafrjhemical reactions, and they therefore
cited terms such as colour change, bubbling, fognexplosion and effervescence (5 %,
n = 64). Among students’ responses, there were @ddmns not related to the rate of
chemical reactions and meaningless terms - magscheacity, quality, mixing, reactant
polarity, lost and saved time, formula of chemiesction, strength of substance, substance
ratios, fuel, accelerator, particle size, partmleface, reaction heat amount, the number of
reactants, element shape, electron placementgtitetrigger, briskness and other (Fig. 1).

In terms of quantity, only one-fifth of respondentas able to write more than half of
the terms closely related to the rate of chemieattions. Most often, students were able to
give 2 or 3 terms. All 8 terms were written by @tedent only (Fig. 2).

For the purpose of finding out the extent of studelknowledge and the most
commonly used terms in relation to the rate of dbahreactions, we assigned these terms
to the following categories: terms closely relatedthe rate of chemical reactions; terms
related to the rate of chemical reactions in theabler sense; general chemical terms; visual
expressions of chemical reactions; experience flalnoratory exercises; and unrelated,
meaningless and uncategorized terms (Fig. 1). Tirdhese categories, we wanted to find
out whether the students most likely connect thagh “chemical reaction rate” with terms
closely related to the issue, or rather to gentenaths that are part of general chemistry
education. We also wanted to know whether studeante some laboratory experience with
the rate of chemical reactions, and whether thayneot any experiments from school or
also ordinary life with this topic.
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W Terms closely related to the rate of chemical reactons
B Terms related tothe rate of chemical reactions in the broader sense
@ General chemical terms
|Vizual expressions of chemical reactions
W Experience from laboratory excercises
W unrelated and meaningless terms
B Uncategorized terms '

Fig. 1. The categories of terms which was listedtoglents in block 1 related to clustering

25

g 5 20.9% 55 gy

w

' 16.3%

@

'E 15

" 11.3% 11.6% 11.3%

&

(=]

]

2 s 5.0%

E 3.4%

=

= l 0.3%
0 .

0 1 2 3 4 5 6 7 8

Number of terms

Fig. 2. The number of terms, which was listed lgsents in first block related to clustering

The conclusion from the analysis is thatpils who have just completed their lower
secondary education have a problem to give 8 terlosely related to chemical reaction
rate. However, it follows from the nature of given terthat they know terms closely
related to the rate of chemical reactions, becatlse most widely used terms were terms
directly related to the mentioned topithe results also show thiite topic is associated
with the students’ ordinary life and the experienddaboratory exercises to a very limited
extent.

Block 2 - Understanding several levels of represeaition
of the chemical content of the subject

In the second block, students had to write the atenequation for the chemical
reaction of hydrochloric acid with zinc. It is aation and its chemical equation which is
used to explain different phenomena and princiglaing one’s entire chemical education
in Slovakia. In order to confirm that the chemicadction is known by students not only
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at a symbolic level, they had to explain the visegbressions of this reaction. Therefore,
they had to demonstrate mastery of the symbolic raadroscopic representation of the
chemical reaction. Although, in our view, the tagks simple, the students had difficulties
with its solution. Only less than 13 % of resportddn = 40) provided the correct chemical
equation of the chemical reaction of hydrochloridawith zinc. They struggled with the
chemical formulas of reactants and produgsy., ZnCl, Zp, H), orthey mentioned other
reactants and productdor instance HCIO was used instead of HCI, orghaduct of the
reaction was identified as,8, Ch, H, O,). They also had a problem with the quantification
of the reactionand wrote incorrect stochiometric coefficien&ome students even had
a problem with the expression (formulation) of tlask they did not know what the
chemical equation is (they wrote the formula folcakating volume). More than half of
respondents (over 55 %= 177) did not even answer.

The macroscopic connections with other represemtativere not reported by almost
half of respondentsi(= 141). The most common answers were “bubblescéng gas,
then dissolution of the zinc plate and finally tegtof the solution, heat dissipation.”
No one mentioned all three expressions of the atemeaction at the same time. Only 6 %
of studentsrf = 19) provided the correct equation and at leastaprrect visual expression
of the chemical reactiorThe students stated that the reaction could lead thange of
colour, explosion, formation of precipitate, rugfinfuming, CQ leakage, leakage of
bubbles of Gl burning and others. Other answers included a geam charge, particle
motion, formation and extinction of chemical bondsjdation, reduction, change of
composition, pH change, concentration change, etbich can occur during the reaction,
but we cannot see them, thus they are not oneeofitual aspects of the reaction. These
responses indicated that the students did not kewactly, what is the external visual
expression of the reaction.

The results show students’ problems with the syimbelwell as the macroscopic level
of representation of the given chemical reactiofhey also have difficulties in
distinguishing information which belongs to the mescopic and submicroscopic levels of
representation. Distinguishing between informatibelonging to the macroscopic and
submicroscopic levels of representation is alsdbpgmatic.Due to the fact that only 6 %
of the studentsn(= 18) were able to write simultaneously the synwbehuation of the
chemical reaction and at least one visual exprassidhe reaction, it is apparent that they
are not able to interconnect knowledge from diffiéetevels of representation.

We included the mentioned task in this test malbdgause the Slovak didactic system
places great emphasis on the symbolic expressichesfical reactions. We aimed to point
out whether the symbolic expression of chemicattieas in chemical education is so
important, mainly taking into account the levelsoiccess of the students in the mentioned
task. In addition, it should be noted that the ves$ administered in a relatively short time
interval.

In the second two-tier task of this block, studefizd to demonstrate their
understanding of the macroscopic representatidgheo€hemical reaction. They were asked
to compare the rate of reactions in beaker A aril Bhich zinc reacted with hydrochloric
acid in a different concentration (30 % of hydrachd acid in beaker A and 10 % of
hydrochloric acid in beaker B). Subsequently thelshts were expected to explain how
this change could be reflected in visual expressibthe reaction. 85 %n(= 272) of the
students were able to identify the impact of th@cemtration on the rate of chemical
reaction. However, only 9 % of these respondamts Z5) correctly declared how the effect
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of the concentration might be reflected in the alsexpression of the response. In addition,
only one student was able to determine more thanvisual effect of the reaction. Most of
the clarifications were based on the fact thatciemical reaction in beaker B was slower
because it contained less concentrated (weaket) &hus, the results show ththe most
respondents were able to correctly identify theialsle causing a change in the rate of
chemical reaction in beaker B with respect to beakebut they could not support their
claim by writing the macroscopic expression and/tr@mained at the submicroscopic and
formal levels of representation

The overall level of success of this two-tier tagjain indicates that studerdgse not
able to connect knowledge from different levelsepfesentationit also reflects the level
of education in our schools and the failure to tethem to establish these connections.

Block 3 - Deduction of the definition relation andunits for chemical reaction rate

The next block consisted of tasks in which studergee expected to demonstrate their
knowledge about the nature of a chemical reactada by writing a definition relation,
especially at the level of memory reproduction;ythgere subsequently supposed to
demonstrate the ability to apply their understagdif this relation in the deduction of the
unit for the chemical reaction rate. Only 5 % oé #tudentsn(= 17) were able to write
a correct definition relation and only 3 % £ 10) were able to deduce the units in which
the chemical reaction rate is measured. Only 2 ¥egffondentsn(= 7) were able to write
at the same time the correct definition relationtfee calculation of the chemical reaction
rates and the units in which the chemical reactimie can be measured. Most of the
students did not answer the questions.

The students’ answers revealed their problem waighunderstanding of the relation for
the calculation of the chemical reaction rathey had difficulties in determining the units
used in Slovakialnstead of marking v, they used the markingtime), K (equilibrium
constant),n (amount of substance), or they used no markifige relation for the
calculation of the chemical reaction rate was ofteplaced by a relation for an
equilibrium constant calculation, using the Pytheggn Theorem for the calculation of the
length of sides in a right triangle or by the edaatof the status for the ideal gas. Students
confused the relation for the calculation of theewtical reaction rate with the chemical
equation. They also incorrectly thought that therlical reaction rate was about a change
in volume, weight, or area over a certain periodiofe. This was also confirmed by units
like mg/s, g/s or ml/s that appeared in the stigleariswers to the question regarding the
units we use to measure the rate of chemical @®tin connection with the erroneous
indication of quantity, it was shown thidite students think the reaction rate is measured in
units of timgseconds, minutes, hours), and also thatreaction rate is often confused with
the amount of matter, as morhe units m/s and km/s also confirmed ttedents’
confusion of the chemical reaction rate with théogity of the moving bodiknown from
physics and everyday life.

The results show thattudents are not able to define the relation falcalating the
chemical reaction rate or even name the units iictvithe reaction rate is measurethe
level of success of these two tasks highlightsctiesiderable formality of their knowledge.
The low percentage of success in this two-tier tsistwed that the information which
students commit to memory only on the basis of nmgmeeproduction, without
understanding, was not permanent; they forgotdt\aere not able to use and work with it.
Again, this is a question for the Slovak educatiGyatem, focusing on factual knowledge
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whether the orientation towards this type of knalgle is the right way to achieve natural
literacy due to the duration of students’ knowledge

Block 4 - Understanding the influence of factors décting the rate of chemical
reactions

In the last, largest and centrobaric block, we érarh the students’ view on the
factors affected the rate of chemical reaction® Jtadents were asked to demonstrate their
understanding of how the rate of the chemical feacbf hydrochloric acid with zinc
affected:

» the increased temperature (the students had toarentipe rate of the reaction at room
temperature and at 80 °C),

» the presence of a catalyst or an inhibitor (theletts had to compare the rate of the
mentioned reaction with urea and without urea),

» the greater volume of acid (the role of students teacompare the chemical reaction
rate of 250 or 500 cfof 30 % HCI),

» the surface area of the reactants caused by a langsunt of zinc metal plate (students
had to compare the chemical reaction rate whenrel&ited to 2 g of zinc and when it
reacted to 10 g of zinc),

» the surface area of the reactants caused by diff@iac forms (the students had to
compare the rate of the chemical reaction whend&tted to 2 g of zinc like plate or
like powder).

This block consisted of two-tier tasks. While inetfirst part the students were
expected to determine how the factor influences the of the chemical reaction
(e.g., no change, increase, decrease, cannot bamietd), in the second part they were
asked to explain their answer, to confirm theiranstanding of the concept of the chemical
reaction rate. The students had to prove that they a real conceptual grasp of the
influence of factors on the rate of chemical reactor just formal knowledge learned by
memorizing is dominant.

Temperature

Data analysis showed that students are most famiiilh how the chemical reaction
rate influences increasing temperature. In the fiart of the two-tier task devoted to
identifying the effect of temperature on the ratelemical reactions, the students achieved
a success rate of 78 Y% (= 249). They wrote that higher temperatures ahuse
an acceleration of the chemical reaction. Howevbhey were not so successful in
explaining their answer. Most of the respondentdared their responses by stating that
the reaction rate was greater because the tempeiatitreased. Therefore, with respect to
these students, we can assume their knowledgesexiban the memorizing of the theory.
The fact that the acceleration of the chemicaltieaavas caused by the increasing kinetic
energy of the particles, and thus the greater ttubdgbility of effective collision was
mentioned by only 17 %n(= 41) of the students. We assume they had a ozaleptual
grasp of the issue. Others answered that the osadie was higher becaude heat acts
as a catalystThis revealedstudents’ misinterpretation of terms heat and terajpee and
misunderstanding of the definition of the catalgstd how it works In one of the
explanations for the faster reaction at a highepterature, a student wrote tlamsoluble
compound dissolved faster at a higher temperatliree students are mistaken about the
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processes of dissolution and chemical reactibine rate of a chemical reaction would be
the same at room temperature and at 80 °C wasadaby 6 % i( = 20) of the students.
The reason is thaemperature does not affect the reaction radtecording some students,
the reaction of hydrochloric acid with zinc was awrothermic reaction and, therefore
temperature had no effect on the reaction régeproximately 4 % of respondents £ 14)
claimed thatn increase in temperature causes a decrease iratkeof chemical reaction
Some also stated that the rate of chemical reactomot be determined (4 % of students,
n=14).

The results show that students know that incretesmgerature causes an acceleration
of chemical reactions, especially at the level afnmry reproduction, but they cannot
explain the cause of this change.

The surface area of the reactants caused by diffemezinc forms (metal plate/powder)

The temperature was followed by the factor - reacturface area of the reactant.
The students were supposed to identify the impgitti® factor in the task when comparing
the reaction rate of hydrochloric acid with zinctle form of a metal plate and then in the
form of a powder. Nearly 66 %n (= 210) of the students correctly determined that t
reaction rate of hydrochloric acid with zinc wasaper in the form of a powder than in the
form of a metal plate. It was a typical school epémused in teaching the impact of this
factor; therefore, we cannot be satisfied with bgult. In addition, up to 35 % E 74) of
the students who gave the correct answer in tise giart of the task stated only that zinc
powder was more reactive than a zinc plate. Only@3@ = 76) of respondents wrote that
the change in rate was caused by an increase igutffi@ce area of the reactant, and only
one student determined that the zinc powder haarged surface area and hence more
effective collisions between zinc and acid couldtwc Some students stated that zinc
powder had smaller particles that react more quicllearly 17 % 1t = 53) claimed that
the reaction rate did not depend on the form o€,zZbut that it was important that in both
cases the same amounts of zinc with the same cwatien of acid reacted at the same
temperature. Nearly 6 9% E 19) of students thought thédte reaction with the zinc powder
would be slower because the zinc metal plate hadger surface area.

The analysis therefore shows that it is difficdt the students to determine how the
rate of chemical reactions is influenced by thedasing of the reactants’ surface area.

Volume of acid

A two-tier task followed in which the students wepgected to determine the effect of
an increased volume of hydrochloric acid with tleene concentration on the rate of
chemical reaction with zinc. The level of succefsstodents in the first part of the task was
46 % f = 146). Therefore, students had more difficultiesdientifying the impact of this
factor. The low success rate was also due to thetfat it was not a typical school
guestion, considering that volume is not mentiowguken teaching about the factors
affecting the rate of chemical reactions. Sinceurw is not usually mentioned in the
teaching process as a factor influencing the chalmate, we could observe an answer
stating that the reactions in both cases would egually fast because volume does not
affect the reaction rate (40 %,= 58). According to another response, the reacata will
be the same, because in both cases zinc was paithdthe same concentration of
hydrochloric acid (47 %n = 70). Another 0.6 % of respondents £ 2) stated that the
reaction area was the same despite the increaseche&/oNearly one third of the students
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said thatif the volume of acid is greater, the reaction vélke place fasterAccording to
one of the explanationsjore particles are present in the larger volume &émely can react
with the zin¢ another student stated thiéae concentration of acid increased with the
increase in volumeThus, students have difficulty in understanding the cositipn of
solutions, they have problems in understanding dbecept of concentration and mass
fraction. They also thought that the probabilityaotollision of zinc particles increased if
the volume of acid was increaseédhother 22 %1 = 71) of students wrote that the reaction
in a larger volume of acid is slower because theiglas are further away from each other
and it takes them more time to react togeth€he problem of understanding the
composition of solutions was identified again besathe students explained the lower
reaction rate in a larger volume due to the faat the acid was less concentrated, more
diluted, and thus its effect was lower. The resinithicate that students have difficulty in
determining the key variable, in this case, theceoiration.

The presence of a catalyst or an inhibitor

The level of success of the students in the newttigr task was even lower. In the
first part it was only 43 %n(= 138). The students had to decide how the rateaaftion of
zinc with hydrochloric acid would be influenced liye addition of urea. The biggest
problem was that respondents did not recognizehkenical properties of urea and did not
know whether it was acting as an inhibitor. It igkéng that only 30 % 1f = 41) of the
students who answered the first part correctly vednle to justify their responses. It should
also be noted that the explanation was like uréa as an inhibitor, slowing down the
reaction. Again, we only encountered an explanatiothe formal level of the theory. Not
even one considered the increase in the activati@ngy and, therefore, a smaller number
of particles that could interact with each othee #so found claims thadding urea leads
to the dilution of the solution and weakens thectffi.e., reduces the acid concentration
Some students wrote thatea acts as a catalyst, reducing the rate of riemctAgain, we
can see thastudents do not have a straightforward concept atblgst Nearly 22 %
(n = 69) of students stated thedding urea accelerates the reaction as it acta aatalyst
The remaining 32 %n(= 101) of students did not respond at all or wrbtgthe rate could
not be determinedlhe results indicate that they have a problemeitermining how urea
affects chemical reaction rates and they haveaawht the terms catalysts and inhibitors.

The surface area of the reactants caused by a langemount of zinc metal plate

The greatest difficulty was revealed in the twg-tizgsk in which the students had to
determine the impact of a larger amount of zindeplan the chemical reaction rate (the
students were supposed to compare the reactiorof@80 cni of 30 % HCI with 2 g of
zinc metal plate or the same amount of 30 % HChwi® g of metal zinc plate). It was
again an example of how the reaction surface afegences the chemical reaction rate, but
it was not a typical school example used to tehehfactor as the case mentioned above.
Thus, the students often did not realize that thective surface area of the reactant
increased with the increased weight of the readtasdéuming the same thickness of the
plate). The level of success was only 33r?&(105). Almost half of the group of students
(48 %,n = 50) who responded correctly in the first parttaf two-tier task explained their
response by simply saying that the reaction ratedater because there is more zinc in the
beaker. Again, we cannot talk about the actual epnual grasp of these issues by these
students. Another 12 % (= 13) of students mentioned the size of the readioface area,
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and only 2 %1f = 2) answered that a larger amount of zinc had margcles which could
react with the acid and thus increase the prolabiif an effective collision of these
particles. According to another response, the i@acivas faster becausanc acts as

a catalyst Again there was a problem with understanding what id &ow the catalyst
works With respect to misconceptions, we have foundtbhat 49 % f = 157) of the
students think thawith more zinc the rate of response decreases duthd fact that

a larger amount of reactant reacts or dissolvegmand hence the reaction rate is lower
The results indicate that the students have a @molih determining that the reactive
surface area of the reactant can be increasedthétincreasing weight of the reactant, and
thus the chemical reaction accelerates.

Table 1
Students’ level of success in two-tier items

Number of students
. Number of students| Number of students
Twoter | the corect anewer | Whostated the | who provided | JLEE S S SRS
tasks in the first part of correct justification reasoning at the at all [%)]
the task[%] (%] theoretic level [%] |, _ 350 srudents)
(n = 320 students) (n=x) (n=x)
Symbol'ic equatiqn af 125 475 ) 331
chemical reaction
Concentration effec 85.0 9.2 49.0 0.9
A definition of
relation for the
calculation of the 53 410 ) 62.0
reaction rate
Temperature effect 78.0 16.5 63.1 7.2
Surfape area effect 65.6 338 376 78
(zinc form)
Influence of the 456 19.2 55.5 31
volume of acid
The effect of the
inhibitor 43.1 0 29.7 16.3
Surfa}ce area impagt 328 15.2 476 56
(zinc weight)

Conclusions

Based on the goals we set, we found out that steidesve difficulties regarding
chemical reaction rates after completing basic éseyneducation. They have a problem in
defining 8 closely related terms to the phrase figical reaction rate.” However, most of
these used terms are related to this categoryroitéNe also found out that the subject of
the rate of chemical reactions is associated wigryalay life and the experience from
laboratory exercises to a very limited extent. Wiagialysing the results, we discovered
problems with the students’ understanding of theidgerm “reaction rate”. They connect it
with the movement of the body as a topic from ptgisivhich is taught before chemical
reaction rate, and from ordinary life. Some studeaiso perceive the rate of chemical
reactions as a time interval during which the cluainieaction takes place. Based on their
responses, we found out students’ problem withirdjetshing between information
belonging to macroscopic and submicroscopic leeélsepresentation. They also have
difficulties with the symbolic level of representat. It appears that they are not able to
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distinguish and connect knowledge from severalltewé representation. Research results
also showed difficulties with the factors influemgithe rate of chemical reaction. In many
cases, the students know how the factors influgndihe chemical reaction rate
(temperature, concentration, reactive surface asd#ct the chemical reaction rate
(decrease, increase), but they do not explain thidueince of these factors at
submicroscopic level of representation throughisioth theory. Only algorithmic level of
solution of tasks related to factors affecting themical reaction rate was identified. There
was revealed formal knowledge of students with@al munderstanding of the problem.
It was also shown that students are not able teestalsks that are not typically school
related issues. Students do not know whether thenial reaction rate affects the volume
of solution, they do not take into account the finet by increasing the weight of solid
reactant of the same thickness, the reactive sudega of the reactant increases, and they
have difficulty in understanding that the rate ehction also depends on the form of the
reactant, and so the reaction is faster with smalleces of reactant. By stating that
temperature or zinc worked like catalyst, or catlgducing the rate of reaction, we can
claim that students have problems in understantiagconcepts of catalyst and inhibitor.
Also, problems with understanding the concept afcemtration was identified. Students
think that concentration of solution changes whb thange in volume. The problems in
understanding the concepts of temperature/heat cwednical reaction/dissolution was
discovered. Problems are also encountered in qusstioncerning the reproduction of
factual knowledge, despite the fact that they amplasized in the curricula at Slovak
schools. Here is the question, if it would not becessary to change this system.
The students’ failure in this test is thereforersée the failure of our didactic system.
The findings of research could help us to bringudfzochange in basic chemistry education
and also in the didactic reconstruction of the dopi the rate of chemical reactions for
7" grade students. Our research findings could aidp teachers and pedagogues from
other countries because they can be applied to ditlactics systems in which the same or
similar problems in teaching the mentioned topig e found.
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POZIOM WIEDZY NAJLEPSZYCH UCZNIOW DZIEWI ATEJ KLASY
NA TEMAT REAKCJI CHEMICZNYCH

Abstrakt: Opisano wyniki badadotyczcych wiedzy stowackich absolwentéw gimnazjum naaeszybkdci
reakcji chemicznych. W badaniu wid udziat cznie 320 15-letnich absolwentéw kilku szkot, kipkonczyli
kurs podstawowej edukacji chemicznej. Wiedza uczridstata oceniona poprzez test dydaktyczny skiayaic

z jednej pozycji zwizanej z tworzeniem klastrow i kilkoma zadaniami geziomowymi. Wyniki analizowano
pod latem gkbszego zaangawania uczniébw w zrozumienie problemu i zidentyfilemo btdne przekonania
ucznibw. Omoéwiono wyniki zwizane z problemami rozumienia pap szybkdci reakcji chemicznych,
zwlaszcza w odniesieniu do opanowania przez uczmwgspomnianego tematu na submikroskopowych,
makroskopowych i symbolicznych poziomach reprezgntdldato s¢ okresli¢ rézne rodzaje trudnii ucznidw
zwigzane z tym tematem. W zygku z tym znaleziono kilka probleméw. Uczniowie migiopot ze zrozumieniem
podstawowego pegia ,szybka¢ reakcji chemicznych”, odnosz je do poruszagych sg ciat, ktore znaj z lekcji
fizyki i zycia codziennego. Majtakze problemy z rozrénianiem i hczeniem informacji na éfych poziomach
reprezentacji. Uczniowie ¢gto nie wiedz, ktére czynniki i w jaki spos6b wptywajna szybkéc reakcji. Nie
rozumiep takze pogé skzenie i katalizator oraz nie rozmiiajag terminéw temperatura i ciepto. Wiedza
absolwentéw jest esto tylko formalna i nie zawiera prawdziwego kortcefnego zrozumienia problemu. Ich
sposéb rozwizywania probleméw nie wykracza poza poziom algoiyzmy, nie § w stanie rozwizat zada,
ktore nie g typowo szkolne.

Stowa kluczowe:szybka¢ reakcji chemicznych, poziom zrozumieniadrte koncepcje, niezrozumienie



