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Diagnostic assessment of elementary school pupils’
understanding of aliphatic hydrocarbons
by using a three-tier test?

Abstract: Diagnostic assessment of understanding of content that is currently being elaborated
provides teachers with an important insight into the way in which the learning process unfolds among
their pupils. In chemistry teaching, this type of assessment is particularly important in situations
when complex teaching content, such as organic chemistry content related to aliphatic hydrocarbons
in the eighth grade of elementary school, is introduced to the pupils for the first time. To assess the
understanding of this content at the given educational level, the present study used a three-tier
diagnostic test. A satisfactory understanding on such tests is indicated by correct answers to the first
two tiers and the answer Yes to the third tier, while incorrect answer combinations on the first two
tiers and the answer Yes to the third tier imply the presence of misconceptions. The three-tier test
composed of ten items was completed by 114 pupils. On seven items the satisfactory understanding
was shown in 51.75% to 63.16% of the pupils, while on three items, related to the chemical reactions
of aliphatic hydrocarbons, the satisfactory understanding was found in less than 40% of the pupils.
Six genuine misconceptions, held by at least 10% of the pupils, were also detected. Thus, a detailed
insight into the eighth-grade elementary school pupils’ understanding of aliphatic hydrocarbons was
obtained.
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Introduction

Diagnostic assessment of pupils’ understand-
ing which is conducted during the teaching process
provides teachers with an important insight into
their pupils’ learning (Bennet, 2011; Boston, 2019;
Graf, 2008). Through this type of assessment, pu-
pils’ conceptual challenges with the content that is
currently being elaborated are promptly identified,
based on which teachers can alter their instruc-
tion and, thus, ensure the timely overcoming of the
above-mentioned difficulties (Bennet, 2011; Bos-
ton, 2019). Within this process, detection and rec-
tification of pupils’ misconceptions (MCs) are of
particular significance since, if not rapidly correct-
ed, such scientifically incorrect conceptions can be
transferred to all related teaching content, including
that elaborated within other school subjects (Yong
& Kee, 2017), as well as higher educational levels
(Smith & Villarreal, 2015).

Regarding chemistry, accurate and timely
diagnostic assessment of pupils’ understanding is
of special importance in situations when complex
teaching content, such as organic chemistry content
about aliphatic hydrocarbons in the eighth grade of
elementary school, is introduced to the pupils for
the first time. Throughout the seventh and the first
half of the eighth grade of elementary school pu-
pils only dealt with general and inorganic chemistry
content, following which, prior to the elaboration of
the three classes of aliphatic hydrocarbons (alkanes,
alkenes, and alkynes), only one teaching unit from
the field of organic chemistry, which referred to the
general properties of organic compounds, was elab-
orated. In this way, the pupils had the opportunity to
acquire certain knowledge that is helpful for under-
standing the content about aliphatic hydrocarbons,
such as the knowledge about elements hydrogen
and carbon and their properties, polarity of chemi-
cal bonds and solubility of chemical compounds in
polar and nonpolar solvents, as well as the knowl-
edge regarding the basic structural characteristics
of organic compounds. However, the fact remains

that the content related to structure, nomenclature,
isomerism, and physical and chemical properties of
the three classes of aliphatic hydrocarbons consider-
ably differs from all types of chemistry content that
the pupils previously encountered. Given that the
basic principles of nomenclature and isomerism, as
well as the factors that affect physical and chemical
properties of aliphatic hydrocarbons also apply to all
the other classes of organic compounds which are
yet to be elaborated (Vollhardt & Schore, 2010), di-
agnostic assessment of pupils’ understanding of this
content has great significance.

Diagnostic assessment is commonly conduct-
ed by using multiple-choice tests (Graf, 2008). Al-
though they are highly economical when it comes to
time, an important limitation of such tests refers to
the relatively high probability of producing the cor-
rect answers to multiple-choice questions through
guesswork (Milenkovi¢ et al., 2016). Additionally, it
remains unclear whether the pupils’ wrong respons-
es on these tests originate from misconceptions
(MCs), or a lack of knowledge (Sreenivasulu & Sub-
ramaniam, 2014). To overcomeg some of these limi-
tations, two-tier tests were introduced. The two-tier
test items consist of the answer tier (AT) and reason
tier (RT) in the form of multiple-choice questions,
and the response to the RT justifies the selection of
answer to the AT (Treagust, 1986). Since two-tier
item is answered correctly only when the responses
to both the AT and RT are correct, the probability of
guessing the correct answer on these items is con-
siderably reduced (Milenkovi¢ et al., 2016). Howev-
er, two-tier tests are still unable to distinguish be-
tween wrong answers caused by the lack of knowl-
edge and the presence of MCs (Sreenivasulu & Sub-
ramaniam, 2014). This limitation can be overcome
through the assessment of pupils’ confidence in
their responses, due to which three-tier tests were
developed (Caleon & Subramaniam, 2010a). The AT
and RT of items in these tests are identical in com-
position to the two-tier items, while within the third
tier, by selecting the response Yes or No, pupils state
whether or not they are confident in their answers to
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the first two tiers. Subsequently, the understanding
of each pupil on a three-tier item is assessed in the
following manner (Arslan et al., 2012; Milenkovi¢ et
al., 2016). Firstly, the satisfactory understanding is
indicated by the correct responses to the AT and RT,
along with the response Yes to the third tier. If, how-
ever, an incorrect answer-reason combination is ac-
companied by the response Yes to the third tier, this
indicates the presence of an MC. Furthermore, all
answer-reason combinations in which a pupil is not
confident are indicative of a lack of knowledge. In
the end, all MCs held by at least 10% of the pupils
are labeled as genuine MCs (Caleon and Subrama-
niam, 2010b; Tan et al., 2002), as such MCs are con-
sidered to be of significance for the entire popula-
tion of pupils of the given educational level.

Until now, three-tier chemistry tests have
been used at university (Milenkovi¢ et al., 2016) and
high-school levels (Cetin-Dindar & Geban, 2011;
Jusniar et al., 2020; Sen & Yilmaz, 2017), but they
have never been applied among elementary school
pupils. Furthermore, in most of the above-men-
tioned studies, such tests were implemented in re-
gard to general chemistry content (Cetin-Dindar
& Geban, 2011; Jusniar et al., 2020; Sen & Yilmaz,
2017), while only one study, related to carbohy-
drates, assessed the understanding of the organic
chemistry content (Milenkovi¢ et al., 2016).

When it comes to the aliphatic hydrocarbons,
up to date, only one prior study (Karini et al., 2022)
has explored elementary school students’ conceptu-
al difficulties with this content, thus detecting MCs
related to the structure, nomenclature, and isomer-
ism of alkenes and alkynes, the boiling points of all
three types of aliphatic hydrocarbons, and dehydro-
genation reactions of alkanes and alkenes. Although
its focus was not on the identification of conceptual
difficulties, the study of Putica and Ralevi¢ (2022)
provided further confirmation that chemical reac-
tions of alkanes represent a highly challenging con-
tent area for elementary school students. Ultimately,
it is important to note that MCs related to the struc-
ture, nomenclature, isomerism, and chemical reac-

tions of alkenes have also been detected among uni-
versity students (Sendur, 2012) which shows that, if
not promptly corrected, such conceptual difficulties
can persist even after several years of education in
the field of organic chemistry.

Research Methodology

Research aims and research tasks

This study aimed to assess eighth-grade ele-
mentary school pupils’ understanding of aliphatic
hydrocarbons and detect their genuine MCs about
this content by means of a three-tier diagnostic test.
According to these aims, the following research
tasks were defined:

1. Development of a three-tier diagnostic test
for the assessment of elementary school
pupils’ understanding of aliphatic hydro-

carbons;

2. Application of the three-tier test among
eighth-grade elementary school pupils
who recently completed the elaboration of
the above-mentioned content;

3. Analysis of the collected data, based on
which the percentage of pupils with satis-
factory understanding, lack of knowledge,
and MCs is determined;

4. Identification of all genuine MCs held by
eighth-grade elementary school pupils re-
garding aliphatic hydrocarbons.

Preparation of the three-tier test

In the first step of preparation of the three-
tier test, through interviews with three elementary
school chemistry teachers, the most frequent diffi-
culties of the eighth-grade pupils with understand-
ing of aliphatic hydrocarbons were identified, based
on which the distracters for the AT of items in the
preliminary version of the test were composed. In
this version of the test, which consisted of ten items,
only the AT had the form of a multiple-choice ques-
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tion, while the RT represented an open-ended ques-
tion. Following the administration of the prelimi-
nary version of the test to 32 eighth-grade pupils,
the most frequent incorrect answers to the RT of
each test item were used to compose the distract-
ers for the RT of items in the pre-pilot test, with-
in which this tier also represented a multiple-choice
question. The pre-pilot test was subjected to vali-
dation by one university organic chemistry profes-
sor and one elementary school chemistry teacher
who confirmed that the test was scientifically cor-
rect and, based on its composition and phrasing, ap-
propriate for the assessment of eighth-grade pupils’
understanding of aliphatic hydrocarbons. After this,
the third tier was added to each test item, follow-
ing which pilot testing with a new sample of 41 pu-
pils was conducted. All pupils were able to complete
the pilot test within one chemistry lesson period of
45 minutes, and none of them reported uncertain-
ties regarding the phrasing of any of the test’s items.
However, the pupils advised that the structural for-
mulas of compounds within the items referring to
the structure and nomenclature of the three classes
of aliphatic hydrocarbons should be enlarged. Once
these corrections were completed, the final version
of the test, comprised of ten three-tier items, was ob-
tained.

Research sample

The research sample consisted of 114 eighth-
grade pupils from three elementary schools in Bel-
grade. Administration of the three-tier test was ap-
proved by the principal of each school and all pupils
completed the test voluntarily.

Data analysis

As in the prior research on three-tier tests
(Arslan et al., 2012; Milenkovi¢ et al., 2016), pupils’
correct responses to the AT and RT of each test item
received a score of 1, while the incorrect responses
scored 0. Furthermore, both tiers (BTs) score for a

given item was 1 if both the AT and RT were an-
swered correctly, or 0 in all other circumstances.

The reliability of the test regarding the pupils’
scores on the AT, RT, and BTs was assessed by calcu-
lating Cronbach’s alpha values.

After this, following the assessment of under-
standing of each pupil according to the approach
described in the Introduction section, the percent-
age of pupils with satisfactory understanding, lack
of knowledge, and MCs on each test item was deter-
mined. Finally, all MCs held by at least 10% of the
pupils were labeled as genuine MCs.

Results and Discussion

Table 1 presents the Cronbach’s alpha values
for the pupils’ scores on the AT, RT, and BTs of the
three-tier test. As can be seen, all values were higher
than the lowest acceptable value of 0.70, which con-
firms the satisfactory reliability of the test. It can also
be observed that the value for BTs was higher than
the values for the AT and RT on their own, which
shows that considering the pupils’ responses to the
AT in light of the reasons for their selection results
in the increase of the reliability of the test.

Table 1. Cronbach’s Alpha Values for the Pupils’
Scores on the AT, RT and BTs of the Three-Tier Test.

Reliability measure AT RT BTs

Cronbach’s alpha 0.81 0.78 0.85

The percentage of the pupils with satisfactory
understanding, lack of knowledge, and MCs on each
of the ten test items is presented in Table 2.
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Table 2. The Percentage of the Pupils with Satisfactory Understanding, Lack of Knowledge, and MCs on Each of

the Items in the Three-Tier Test.

Item Percentage of pupils with Percentage of pupils witha  Percentage of pupils with

satisfactory understanding lack of knowledge MCs

1 63.16 36.84 -

2 59.65 40.35 -

3 51.75 22.81 25.44

4 30.70 45.61 23.69

5 57.02 42.98 -

6 52.63 15.79 31.58

7 34.21 30.70 35.09

8 56.14 43.86 -

9 35.96 28.14 35.90

10 54.38 8.78 36.84

The results presented in Table 2 indicate that
between 51.75 and 63.16% of the pupils exhibited
satisfactory understanding on seven out of ten test
items, while on three items satisfactory understand-
ing was shown by less than 40% of the pupils. The
highest percentage of pupils with satisfactory under-
standing was found on item 1, which dealt with the
nomenclature of alkanes. This result is in accordance
with the previous findings that elementary school
students, generally, have no major difficulties with
understanding the nomenclature of alkanes (Putica
& Ralevi¢, 2022). More than 55% of the pupils also
showed the satisfactory understanding of the nomen-
clature of the other two classes of aliphatic hydrocar-
bons, as well as the structural isomerism of n-pen-
tane. Conversely, all items on which the percentage
of pupils with satisfactory understanding was below
40% were related to the chemical reactions of aliphat-
ic hydrocarbons, which confirms the previous find-
ings that pupils, generally, find reactions of organic
compounds to be the most difficult part of organic
chemistry content (Bhattacharyya & Bodner, 2005).

As already noted, item 1 in the test referred to
the nomenclature of alkanes. The pupils were shown
a structural formula of an alkane (Figure 1) and asked
to determine which of the following four compounds,
2-ethyl-2,4-dimethylhexane, 2-ethyl-4,4-dimethyl-

hexane, 3,3,5-trimethylheptane or 3,5,5-trimethyl-
heptane is presented by it.

Figure 1. The Structural Formula of Alkane that had
to be Identified in Item 1.
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63.16% of the pupils showed satisfactory understand-
ing on this item by selecting 3,3,5-trimethylheptane
as their answer to the AT and explaining that the car-
bon chain of alkane in Figure 1 contains seven car-
bon atoms, with two methyl groups attached to the
carbon atom number 3 and one methyl group at-
tached to the carbon atom number 5. On the other
hand, 36.84% of the pupils exhibited a lack of knowl-
edge regarding the nomenclature of the given alkane.
At the same time, as in only other previous research
that explored elementary school students’ conceptu-
al difficulties with aliphatic hydrocarbons (Karini et
al., 2022), genuine MCs related to the nomenclature
of alkanes have not been detected.
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Item 2 was related to the structural isomer-
ism of alkanes, as the pupils were asked which of
the following four compounds, 2-methylbutane,
3-methylbutane, 2-methylpentane or 1-pentene, is
a structural isomer of n-pentane. 59.65% of the pu-
pils showed satisfactory understanding on this item
by selecting 2-methylbutane as their response to
the AT. The pupils explained that this compound is
the structural isomer of n-pentane because the two
compounds have the same molecular formula but
different arrangements of atoms in their molecules
and in the molecule of an alkane with a total of five
carbon atoms, whose carbon chain consists of four
carbon atoms, methyl group can only be attached
to the carbon atom number 2. At the same, 40.35%
of the pupils exhibited a lack of knowledge on this
item. Genuine MCs on Item 2 have not been iden-
tified, which aligns with the results of previous re-
search (Karini et al., 2022) that also did not detect
MC:s related to the structural isomerism of alkanes
among elementary school students.

Item 3 referred to the aggregate states of the
straight-chain alkanes at room temperature, as the
pupils were asked whether, under such conditions,
these compounds exist in all three aggregate states,
in a liquid and solid state, only in a gaseous state, or
only in a solid state. 51.75% of the pupils showed sat-
isfactory understanding on this item by stating that,
at room temperature, straight-chain alkanes can be
found in all three aggregate states and explaining
that straight-chain alkanes consisting of 1- 4 carbon
atoms are found in a gaseous state, those comprised
of 5-17 carbon atoms exist in a liquid state, while
straight-chain alkanes with more than 17 carbon at-
oms are found in a solid aggregate state under such
conditions. On the other hand, 22.81% of the pu-
pils showed a lack of knowledge on this item, while
25.44% of them were found to hold a genuine MC
that straight-chain alkanes can only exist in a lig-
uid and solid state at room temperature. This MC
stemmed from the erroneous belief that straight-
chain alkanes with 1-17 carbon atoms exist in a lig-

uid state, while those with more than 17 carbon at-
oms exist in a solid state under such conditions.

Item 4 was related to the products of mono-
chlorination of ethane. Only 30.70% of the pu-
pils showed satisfactory understanding on this
item by selecting chloroethane and hydrochlo-
ric acid as their response to the AT and explaining
that within the above-mentioned reaction one atom
of hydrogen attached to one of the two carbon at-
oms of ethane is substituted with one atom of chlo-
rine to form chloroethane, following which hydro-
chloric acid is formed as the second reaction prod-
uct. 45.61% of the pupils exhibited a lack of knowl-
edge on this item, while 23.69% of them were found
to harbor MCs. One genuine MC, held by 21.92%
of the pupils was detected, as the pupils in question
stated that the products of the above-mentioned re-
action are the two molecules of chloromethane. This
MC was based on the erroneous belief that within
the given reaction single covalent bond between the
two carbon atoms of ethane gets broken, following
which one atom of chlorine is attached to each of
these carbon atoms, thus forming two molecules of
chloromethane as reaction products.

Item 5 assessed the understanding of the no-
menclature of alkenes. The pupils were shown the
structural formula of an alkene (Figure 2), and
asked to determine which of the following four com-
pounds, 3,6-dimethyl-5-heptene, 2,5-dime-
thyl-2-heptene, 5-ethyl-2-methyl-2-hexene, or
2-ethyl-5-methyl-4-hexene is depicted by it.

Figure 2. The Structural Formula of Alkene that had
to be Identified in Item 5.

H
|
H—C—H
A
\C/ \C/ c H
NN T T 4 ~. 7
_C C. Cc C.
H™ N H | / "H
H H H
H—{C—H
|
H

40



Diagnostic assessment of elementary school pupils’ understanding of aliphatic hydrocarbons by using a three-tier test

57.02% of the pupils showed satisfactory understand-
ing by selecting 2,5-dimethyl-2-heptene as their an-
swer to the AT and explaining that the carbon chain
of the compound in question contains seven carbon
atoms, with methyl groups attached to the carbon
atoms number 2 and 5, and a double bond between
carbon atoms number 2 and 3. At the same time, al-
most 43% of the pupils showed a lack of knowledge
regarding the nomenclature of this alkene. The ab-
sence of genuine MCs on Item 5 opposes the find-
ings of previous research (Karini et al., 2022) that
detected elementary school students MCs about
the nomenclature of alkenes related to the incorrect
numbering of carbon atoms in the carbon chains of
these compounds and the erroneous belief that ali-
phatic hydrocarbons whose molecules contain dou-
ble bonds represent alkynes.

Item 6 referred to the isomerism of 1-hexene, as
the pupils were asked which of the following four com-
pounds, 2-hexene, 4-methyl-1-pentene, 2,2-dimethyl-
1-butene, and 3,3-dimethyl-1-butene is not an isomer
of 1-hexene. 52.63% of the pupils showed satisfactory
understanding on this item by stating that 2,2-dime-
thyl-1-butene is not an isomer of 1-hexene and ex-
plaining that such a compound cannot exist because
its carbon atom number 2 would form five instead of
the maximum four covalent bonds through which
an atom of carbon can be linked with its surround-
ing atoms. At the same time, 15.79% of the pupils
exhibited a lack of knowledge on this item, while
31.58% of them were found to hold genuine MC
that 2-hexene is not an isomer of 1-hexene because
the two compounds differ in the position of a dou-
ble bond in their molecules. Interestingly, identical
MC according to which alkenes with the same num-
ber of carbon atoms but different position of double
bond along their carbon chains are not isomers, has
also been detected among university students (Sen-
dur, 2012).

Item 7 assessed the understanding of the
synthesis of polyethylene, as the pupils were asked
whether this polymer is synthesized through the

linking of a large number of monomer units of
ethyne, ethene, ethane, or methane to each other.
Only 34.21% of the pupils showed satisfactory un-
derstanding of polyethylene synthesis by stating that
this polymer is produced through the linking of a
large number of monomer units of ethene to each
other and explaining that these reactions unfold in
such a way that, upon their completion, the poly-
mer’s carbon chain does not contain double bonds.
30.70% of the pupils exhibited a lack of knowledge
on this item, while 35.09% of them were found to
hold MCs. One genuine MC harbored by 32.46%
of the pupils was detected, as the pupils in ques-
tion stated that polyethylene is produced through
the linking of a large number of monomer units of
ethyne to each other, explaining that these reactions
unfold in such a way that, upon their completion,
the two carbon atoms from all monomer units that
form the polymer’s carbon chain remain attached to
each other through a double bond. While MCs re-
lated to the polymerization of ethene had previous-
ly not been identified among the elementary school
students, prior research (Sendur, 2012) established
that university students often hold the erroneous be-
lief that ethene is the only alkene that can undergo
polymerization reactions.

Item 8 referred to the nomenclature of
alkynes. The pupils were shown the structural for-
mula of an alkyne (Figure 3) and asked to determine
which of the following four compounds, 3-butyl-
2-methyl-4-pentyne, 3-butyl-4-methyl-1-pentyne,
3-(1-methylethyl)-1-heptyne, or 5-(1-methylethyl)-
6-heptyne is depicted by it.
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Figure 3. The Structural Formula of Alkyne that had
to be Identified in Item 8.
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56.14% of the pupils showed satisfactory understanding
on this item by selecting 3-(1-methylethyl)-1-heptyne as
their answer to the AT and explaining that the car-
bon chain of alkyne presented in Figure 3 contains
seven carbon atoms, with 1-methylethyl (isopropyl)
group attached to the carbon atom number 3 and a
triple bond between carbon atoms number 1 and 2.
At the same time, 43.86% of the pupils showed a lack
of knowledge on this item.

Within item 9, the pupils were asked wheth-
er the complete catalytic hydrogenation of ethyne
yields ethene, two molecules of methane, ethane, or
1,3-butadiene as its product. Regarding this item,
35.96% of the pupils showed satisfactory under-
standing by selecting ethane as the product of in-
terest and explaining that complete catalytic hydro-
genation of ethyne presupposes the addition of two
molecules of hydrogen to the triple bond of ethyne.
28.14% of the pupils showed a lack of knowledge on
this item, while 35.90% of them were found to hold
a genuine MC that the product of the complete cat-
alytic hydrogenation of ethyne is ethene, which was
based on the erroneous belief that the given reaction
presupposes the addition of one molecule of hydro-
gen to the triple bond of ethyne. In view of the giv-
en MC and the previous findings that elementary
school students often hold an erroneous belief that
the elimination of one molecule of hydrogen from a

double bond of alkenes leads to the formation of al-
kanes (Karini et al., 2022), it can be concluded that
students at this educational level experience consid-
erable difficulties with understanding hydrogena-
tion and dehydrogenation reactions of aliphatic hy-
drocarbons.

Item 10, related to the products of combustion
of n-hexane, 1-hexene, and 1-hexyne, was the only
item that referred to chemical reactions of aliphatic
hydrocarbons on which satisfactory understanding
was exhibited by more than 50% of the pupils. This
result is in alignment with the previous finding that
elementary school students usually have no major
difficulties with understanding of the combustion of
organic compounds (Putica & Ralevi¢, 2022). Thus,
54.38% of the pupils showed satisfactory under-
standing by stating that the products of combustion
of each of the above-mentioned compounds are car-
bon (IV) oxide and water, as these two compounds
represent the products of combustion of all aliphat-
ic hydrocarbons. Around 9% of the pupils exhibit-
ed a lack of knowledge on this item, while 36.84%
of them harbored the genuine MC that n-hexane
is not combustible, while the products of combus-
tion of 1-hexene and 1-hexyne are carbon (IV) ox-
ide and water, which was explained by the notion
that, unlike alkenes and alkynes, alkanes represent
non-combustible compounds.

All genuine MCs detected in this study are
presented in Table 3.

Table 3. An Overview of all Detected Genuine MCs.

Genuine MC Percentage of the
pupils holding the
genuine MC
At room temperature, straight- 25.44

chain alkanes can only be found in

liquid and solid aggregate states.

The products of monochlorina- 21.92
tion of ethane are the two

molecules of chloromethane.

2-hexene is not a structural 31.58
isomer of 1-hexene.
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Polyethylene is formed through 32.46
the linking of a large number of
monomer units of ethyne to each

other.

The product of the complete 35.90
catalytic hydrogenation of ethyne

is ethene.

Unlike alkenes and alkynes, 36.84

alkanes are non-combustible.

Conclusion

In this study, a three-tier diagnostic test was
used to assess the eighth-grade elementary school
pupils’ understanding of aliphatic hydrocarbons.
The results indicate that between 51.75 and 63.16%
of the pupils exhibited satisfactory understanding
on seven out of ten test items. The highest percent-
age of pupils with satisfactory understanding was
found on the four items referring to the nomencla-
ture of alkanes, alkenes, alkynes, and the structural
isomerism of alkanes. As the basic principles of the
nomenclature of aliphatic hydrocarbons and struc-
tural isomerism of alkanes also apply to all other
classes of organic compounds which are yet to be
elaborated, it is important that the pupils did not
experience great challenges while dealing with this
content. On the other hand, around 32% of the pu-
pils were found to hold the genuine MC that 2-hex-
ene is not a structural isomer of 1-hexene. Structural
isomerism related to the position of a double bond is
specific to alkenes and, based on this finding, teach-
ers are advised to put special emphasis on it dur-
ing the initial elaboration of this class of aliphatic
hydrocarbons. Furthermore, better visualization of
structural isomers of alkenes that differ in the posi-
tion of a double bond could be achieved through the
use of multimedia tools.

While around 52% of the pupils had satisfac-
tory understanding of aggregate states of straight-
chain alkanes at room temperature, around 25% of
them held the genuine MC that straight-chain al-
kanes can only be found in a liquid and solid state

under such conditions. Invoking cognitive conflict
and, thus, directly facing the pupils with errors in
their understanding represents an important ap-
proach for rectification of MCs (Brandriet & Bretz,
2014). Regarding the above-mentioned MC, cogni-
tive conflict could be induced by asking the pupils to
browse the internet and ascertain the chemical com-
position of gas that is used for central heating, or gas
that is used in gas cookers at their homes to prepare
meals. Thus, through examples from everyday life,
pupils would be faced with the fact that alkanes with
up to four carbon atoms exist in a gaseous state at
room temperature.

All items on which the percentage of pupils
with satisfactory understanding was below 40% re-
ferred to the chemical reactions of aliphatic hydro-
carbons. Furthermore, genuine MCs related to the
halogenation of alkanes, hydrogenation of alkynes,
and synthesis of polyethylene were also detected.
Thus, around 22% of the pupils expressed the be-
lief that the products of monochlorination of ethane
are the two molecules of chloromethane. If this MC
is not promptly corrected, pupils holding it will ex-
perience considerable difficulties with understand-
ing of synthesis and chemical properties of haloal-
kanes, which represent the next class of organic
compounds that will be elaborated after hydrocar-
bons. As the molecules of ethane and chlorine are
relatively small, adequate visualization of the above-
mentioned reaction could be achieved through the
use of their tridimensional models, made by the
teacher and/or the pupils themselves. Such models
could also be used to promote understanding of the
complete catalytic hydrogenation of ethyne and rec-
tify the genuine MC, held by almost 36% of the pu-
pils, that the product of this reaction is ethene. Con-
versely, proper visualization of ethene polymeriza-
tion, along with the tridimensional structure of pol-
yethylene, can only be achieved through the use of
multimedia tools.

The only item related to the chemical reac-
tions of aliphatic hydrocarbons on which more than
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50% of the pupils exhibited satisfactory understand-
ing referred to the combustion of these compounds.
On the one hand, this is a relatively simple reaction
which, regardless of the aliphatic hydrocarbon that
takes part in it, always produces carbon (IV) oxide
and water as final products. However, nearly 37% of
the pupils expressed the genuine MC that, unlike
alkenes and alkynes, alkanes are not combustible.
This MC could stem from the fact that, when com-
paring the reactivity of the three classes of aliphat-
ic hydrocarbons, teachers often emphasize that al-
kanes are less reactive than alkenes and alkynes. To
correct the given MC, teachers could once again in-
voke the cognitive conflict through examples of gas
used for central heating, or gas used in gas cookers.
By browsing the internet to ascertain which chemi-
cal reactions produce heat that is used to keep their
homes warm in the winter and cook their meals, pu-
pils would be faced with the fact that alkanes also
represent combustible compounds.

The present study provides an important ini-
tial overview of the elementary school pupils’ under-
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IVJATHOCTUNYKA ITPOBEPA PA3SYMEBAIbBA AIMPATNYHUX YITbOBOJOHMKA
KOJJ YYHEHKA OCHOBHIX IIKOJIA IIPUMEHOM TPOC/IOJHOT TECTA

Jujainocimiuuxa tiposepa pasymesarba ipaguea koje ce ilipeHyiiHo odpahyje HactasHuuuma
upyxca 3nauajam ysug y HauuH Ha Koju ce upouec yuera 0gsuja Kog huxosux yueHuxa. Y Hacinasu
Xemuje 06aj wuil iposepe je ioceSHO 3HA4AjaH Y CUTHyaAUUjama Kaga ce ca KOMUneKCHUM Ipagueom,
iotiyili OHOI 6e3aHO0T 3a anudaitiuuHe yibOB0goOHUKe Y OCMOM pa3pegy OCHO8He uiKose, Y4eHUUU
cycpehy apeu ayii. ITocneguuo, yum 0801 uctpaxusarea duna je gujaiHocimiuuka uposepa pasy-
Mmesarwa ipaguea o anuamiudHuM yib060gJoOHUUUMA KOG YHeHUKA ToMeHY 0T 00pa3osHOT HUB0A
yuompedom wwpocnojHoi wecitia. Teciiosu 06801 Wiuta UpelixogHo ¢y KopuuiheHUu UCKBYHUBO Y
pagy ca ciiygeHiuumMa u y4eHuyuma cpeqroux wKosa, gox je y 080M UCupaicusarvy, upeu uyii y
ceetily, taxas tecili pumerveH U Ha HUBOY OCHOBHE UIKOTIe.

Tpocnojuu tecitiosu passujeHu cy pagu iipesasunaxera 3HA4ajHux oipanuerba ieciiosa
Koju ¢y ce go caga KOpUctiumu 3a gujatHoCimiuuKy iposepy yueHuukol pasymesara. laxo, eenuxu
HegoCiliamax weciiosa caciiiasbeHux u3 Uuitiara 6uweciipykoi uzdopa ipegcitiasna penamusHo
sucoka moiyhuociti 3a ioiaharwe wauHux ogiosopa. 080 oipanuuerve je genumuuto ipesasuhero
paseojem geocnojHux gujai HoOCIUMKUX Wlecitioga, y Kojuma ce céaxu 04 3agailiaka caciloju u3 gea
duitiara eumecitipyxoi uzdopa, upu uemy ce 0gio8opom Ha gpyio duitiarve, iij. duitiare u3 gpyioi
cnoja, odpasnaxce ogiosop Ha Huiliare u3 Upeoi cnoja. Vaxo ce osaxo 3HauajHo cmarvyje moiyh-
HOCTH 3a floiaharwe WA4HUX 0gI1060pa, UPUMEHOM GEOCTOfHUX TecHiosa ce U garve He Modce Yiiep-
guitiu ga nu ¢y Heilia4Hu 0giosopu yueHuKa ocneguua He3Harwa unu muckonueiyuja. a du ce
o YCIAHOBUO, gU3AJHUPAHU CY TUPOCTIOfHU TeciliosUy, Y Kojuma tipea gea cnoja 3agaimiaka umajy
UCTILY CTPYKIYPY KAO U 3agauu y gé0CI0jHUM ieciliosuma, gox y okeupy iipehei cnoja, ogadupom
ogiosopa [la unu He, yuenuyu nasoge ga nu cy cuiypHu y céoje ogiosope Ha iuitiarea u3 ipea gea
cnoja. Ilocneguuro, 3agosomwasajyhe pasymesarve ipaguea UHGUKOBAHO je WA4HUM 0g1080pUMA HA
auiniara u3 ipea gea cnoja y3 ogiosop Jla Ha uuitiarwe u3 iipehei cnoja, Heiliaure xomOuHayuje
ogiosopa Ha Uuitiarea U3 iipea gea cnoja y3 ogiosop He ykasyjy Ha Hegocitiaitiak 3Hara, goK Heilia-
uHe KomOuHayuje ogiosopa Ha Huiiara u3 ipea gea cnoja y3 ogiosop a Ha tuitiare u3 iipehei
cnoja ykasyjy nHa muckouyeiuje. Qunanto, cée MuckoHueiyuje Koje cy ugeHimiupuxKosare Kog suuie
0g 10% y4enuxa o3Ha4aeajy ce Kao cywiliuHcKe MUCKOHYellyuje, Koje ce cMattipajy 3Ha4ajHum 3a
UenoKy My Holynayujy yueHuxa gaiioi odpaszoéroi Hueoa.

IIpuinipemajyhu wpocnojuu iieciti 3a tiposepy pasymesarba ipaguea o anudamudHum yino-
80gOHUUUMA, GUCTAPAKTHOPY 3a HUAA U3 TPEOT C110ja PopMynucanu cy Kpo3 uHitiepsjye ca Ha-
Clla8HULUMA XeMluje y 0CHOBHOJ WKONIU, Kojuma cy ugeHimiugdurkosane Hajueuhe tioitieuikohe yue-
HUKa ocmol paspega eéesane 3a 060 ipaguso. lako je cauurena UpenumMuHapHa éepsuja ieciia y
K0joj je tpsu cn10j c6akol 3agattika HuHUIO Uuttiarwe suiecilipyxoi usdopa, gox je gpyiu cnoj tipeg-
cilasmano uuiaree omsoperoi wmuiia. O8y eep3ujy wieciia iotiyHuna cy 32 yuenuxa ocmoi paspe-
ga, wuju cy Hajuewhu HetllauHu 0giosopu HA HoMeHyTa UUiara 0TeopeHoT uia uckopuwheru
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3a popmynucarve guciipaximopa gpyiol cnoja sagamiaxa y upenusnoii eep3uju iieciiia, Koju je axo
wmiaxohe goduo popmy tuitiara éuwecitipyxol uzdopa. Ilpetiunoimi-iwieciti 6anUgupana cy gea exc-
iepitia u3 odnaciiu opiamcke xemuje, HAKOH 4eia je c6aKoM 3agailiKy gogaii u wipehu cnoj, a 3amum
0piaHu308aH0 UUNOTI-lecTiuparee ca HogUM y30pKom koju je yunuo 41 yuenux. Ceu yueHuyu cy
de3 tipodnema HOTyHUNU TUNOT-THeCHI Y OKBUDPY jegHOT wiKonckol uaca, de3 tipujase HejacHoha y
ee3u ca cagpicajem Suno koi 3agamiaxa, anu y3 ykasasarwe ga je cée cnuke CHpyKulypHux opmyna
jegurwerva y oxeupy ecitia uotipedro ysehauiu. Ilo 3aspuieitiy tipegnoxceHux kopexyuja goduje-
Ha je puHanHa eep3uja fleciia, Koja ce caciiojana u3 geceidl WpPOCOjHUX 3agattiaKa.

DQunanny eep3ujy iiecitia ioilyHuso je 114 yuenuxa ocmoi paspega ocnosHe uikosne. Ha cegam
3agaimiaka 3agosomwasajyhe pasymesarve je tiokazano usmehy 51,75% u 63,16% yuenuxa. Hajeehu
poyeHalli yueHuKa ca 3agosomasajyhum pasymesareem ycilaHo6/beH je Ha 3agailiky Koju ce 0gHo-
cuo Ha HomeHknailypy ankaua. Ilpexo 55% yuenuxa ca 3agosomasajyhum pasymesarvem Suso je
U HA 30gayuma 8e3aHuUM 30 HOMEHKLAWLYPY alKeHa U AZKUHA, KAo U U3oMepujy ieHilland, gox je
usmehy 51,75% u 55% yuenuxa fiokasano 3agosomasajyhe pasymesarve Ha 3agayuumMa 6e3aHUM 3a
aipeiaiiHo ciliatbe TUHEAPHUX AIKAHA, UOMePU]y 1-xeKceHa U OKCUGAUjy anudamuuHux yinoso-
goHuxa. 3agaiiax y ée3u ca OKCUgayujom anudamuuHux yinosogoHuka Suo je jegunu 3agamax y
8e3U Ca XeMUJCKUM peakiyujama 06ux jegurberba Ha Kome je 3agosomwasajyhe pasymesarve tiokazano
suute 0og 50% yuenuxa. Ha cea iipu iipeociliana 3agaiika 0601 iiuiia, Koja cy ce 0gHOCUnA Ha MO-
HOX7I0pO6atbe eliana, CUHIe3y HonueiiuneHa u HomiyHy xugpoieHayujy efiuna, 3agosomasajyhe
pasymesarve iiokazano je marve og 40% yuenuxa. Yaoupedom wlpocnojHoi ilieciiia geieKilio8aHo
je u wiecti CywmimiuHCKUX MUCKOHUedyuja 6e3anux 3a anugaimiuune yimvosogoruke. Taxo je ycia-
HoBweHO ga éuue og 10% yqenuka eepyje ga nuHeapHu ankaxu Ha coSHOj tHemiepailiypu moiy
SUTU camo y TheuHOM U Y8PCTHOM aipelatliHom Ciliatby, ga MOHOXI0POBAtbeM ellaHa HACTIAfy §ea
MoneKyna xaopomeiiana, e ga 2-xekcen Huje usomep 1-xekcera. Buuie og 10% yuenuxa iaxohe
je uspasuno yeeperve ga ce nonueitiunier cuxitieiliuue U3 8enuxoi Spoja MoHOMePHUX jeguHUUA
etfliuna, ga HoMliyHOM XugpoieHayujom eiiuna Hacitaje eilieH e ga, 3a Pasnuxy og ankeHa u
ankuMa, ankamu Hucy satampueu. O8axo je citiedeH geianan yeug y pasymesaroe anudamiuyHux
YI/p080gOHUKA KOG YHeHUKA 0CMOL paspega 0CHOBHe uiKorLe.

Kmwyune peuu: gujainociiuuka iposepa, WpocnojHu ecitiosu, anudamiuinu yinoe0goHu-
Uu, yueHUUU 0CHOBHUX UKOTIA
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