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ABSTRACT

Multiple-choice questions can be used to identify misconceptions through distractor
analysis. Distractor analysis for identifying misconceptions using Rasch modelling to find out how
students choose options and whether they have any misconceptions. The test instrument uses
questions from the teacher association in Indonesia to assess students’ ability to master chemical
contexts. The number of question items used is 35 and has been validated and tested for reliability
to be feasible to use. Questions were given to 462 first-year high school students. The fit item
analysis results show that there are several questions related to clothing that indicate
misconceptions. This is supported by the distractor analysis value, which found that
misconceptions indicate questions related to electrolysis, the incidence of colligative properties in
daily life and the factors that affect corrosion. The distractor’s value and the option probability
curve are used to see how students know the ideas offered. The analysis results found that the
material in the form of concepts and their application showed a large misconception, in which
students would find it difficult to combine concepts and their applications.
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INTRODUCTION To understand chemical concepts, students

) ) ) often get information from a world outside of
Chemistry  studies  matter, its ) N
. their cognition. Some of these concepts
properties, how and why substances ) _
) create misconceptions because
combine or separate to form other _ _ _
) understanding  chemistry  consists  of
substances, and how substances interact ) ] ) ]
) ) macroscopic, sub-microscopic and symbolic
with energy [1-2] in symbols, commonly )
_ concepts.  Students may  experience
known as several representations [3]. ) )
) ) ] i misconceptions to connect the three
Chemistry is defined as something abstract ) o )
_ . concepts [6]. A misconception is a problem in
due to these three things, which causes a ) ) ]
. ) i chemistry learning because it occurs for
comprehensive understanding of chemistry ) )
) ) ) various reasons. Therefore, analysis of
[4]. Understanding basic chemistry concepts ] S _ o
) , , misconceptions in understanding chemistry is
is essential for almost every profession. _ _ _ _
) ] o ) needed to improve learning quality.Previous
Chemistry is a part of everything in our life [5].
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research has identified misconceptions
through open-ended tests that describe
students’ concepts more deeply through
direct descriptions [7]. The next problem will
arise if the number of participants to be
assessed on a very large use of analysis with
guestions with various levels is one way to
overcome open-ended questions’ limitations.
This is indeed better able to solve the
problem with large number of respondents to
be analyzed. Still, the analysis of
misconceptions takes a long time and is more
difficult,

developing test instruments. Analyzing

especially in analyzing and
misconceptions using open-ended questions
or tiered questions such as two-tier, three-tier
confirmation is often added back to ensure
that misconceptions occur [8] take a lot of
time and are complicated.

Classical tests look at how
misconceptions are assessed by relying on
scores, such as using a two-level test or using
qualitative  methods with  open-choice
questions. Problems will arise when more
and more students are analyzed. Another
problem is with many respondents, which will
be very difficult to diagnose if you have to do
one by one, which is a misconception and
which is not. The biggest problem is that tests
such as two-tier and open-ended cannot
describe the relationship between items and
respondents [9]. Measurement of
misconceptions using the Rasch model
applies an approach to analyzing distractors
through probability options. The Rasch model
will assess the respondent’s distractor's
probability and compare it with Low-ability
students and high-ability students. In general,

the probability option’s value will increase

from the least selected option to the answer
option [10-11]. Questions that are classified
as difficult must be selected by students with
high ability students and cannot be chosen by
low ability students. Suppose that the correct
answer gets a lower score than the other
distractors. This means that difficult
guestions can be answered by students with
moderate abilities but cannot be answered by
students with high abilities and vice versa.
This indicates that the item is problematic, or
it can also be identified as a misconception
[12].

The classical theory of determining
misconceptions is based on identification at
the individual and question level. To
determine the tendency of misconceptions
that occur on a large scale, a more precise
method is needed [13]. Descriptive analysis,
for example, open-ended questions on a
small scale and identifying misconceptions at
the individual level on a large scale, will
certainly be tough [14]. Using the Rasch
model will help to analyze misconceptions
more precisely and more quickly on a large
scale [15]. The Rash model will help identify
and analyze more deeply, especially assisted
by analyzing the distractors used and the
pattern of answers obtained [16]. The use of
distractor analysis is still not familiar to use for
misconception analysis. In contrast, we can
use a multiple-choice test, which is easier in
instrument development and takes less time
and can cover many respondents. This
analysis can help in analyzing
misconceptions more quickly and easily so
that it can provide a new perception regarding
how the analysis of misconceptions is easier,

can cover many respondents, and quickly.
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METHODS
1. Analysis

The research method used was a
quantitative approach using a Rasch model
analysis. The Rasch model illustrates when a
respondent (Bn) answers an item (Di). This
relationship will be expressed by the natural
logarithmic (In) of the respondent who
correctly answers the item (Pni) divided by the
probability of the respondent not answering
the item correctly (1- Pni). For true/false tests,
the Rasch mathematical model (equation (1))
uses a single variable, the respondent's
location along with the variable, and the test

item's location along with the variable.

Bn'Di= In (Pn,l1 "Pni)

Bn is the ability of the test taker along with the
variables; Di is the difficulty of the test item;
Pni is the probability of the test taker correctly
answering the certain test items; and 1 - Pni is
the probability of one of the test takers
answering incorrectly one of the test items
[15].

The misconception analysis was
obtained from the distractor analysis on
multiple-choice questions by looking at the
pattern of answers of the participants or the
probability items used as a basis for
determining the misconceptions that occur.
Besides, the analysis used is to determine
the item fit of each item, where the item that
exceeds the specified limit is assessed as a
matter that has the potential to produce

misconceptions. The limits specified are [17]

e Outfit of mean square (MNSQ) value
obtained: 0.5 <MNSQ < 1.5

e Outfit value of Z-standard (ZSTD) value
obtained: -2.0 <ZSTD < +2.0

e Point Measure Correlation (Pt Mean Corr)
value: 0.4 < Pt Measure Corr < 0.85

2. Participant and instrument

Participants who took this test were
462 students from various schools in the city
of Surakarta, Indonesia. The test took place
in 2019 with topics such as colligative
properties, redox reactions, and electro-
chemistry. Students who take the test have
studied the topic; we assume that they have
understood the topic. The instrument used in
this study was for students in the 3rd year of
high school who have received this material
in odd semesters. The questions made
included the topics of colligative, redox and
electrolysis. The teachers’ association in
Indonesia made this question to find out the
final ability of students on this material in all
schools, especially in the city of Surakarta.
Test instrument in the form of multiple choice
with 35 questions. This test is designed to be
done in 120 minutes. Previously tested the
validity and reliability with the construct
validity number 0.87 and 0.92 reliability. This
test instrument is suitable for use and
assesses students’ abilities on the topic that
has been planned. We started a step by using
this test instrument to assess student's
abilities in the three topics and the level of

misconceptions in the concept.

RESULTS AND DISCUSSION

The test instrument used was from the
chemistry teacher association in Surakarta.
Before we tested the instrument on students,

we first analyzed its reliability and validity


https://www.scienceopen.com/document?vid=9923a1a4-3164-4056-b230-bada789f854e
https://doi.org/10.12973/eurasia.2015.1369a

JKPK (JURNAL KIMIA DAN PENDIDIKAN KIMIA), Vol.6, No. 1, 2021, pp. 98-107 101

values using the Rasch model. The
Pearson’s reliability value found is 0.82, and
the item reliability value is 0.96. Meanwhile,
the Cronbach Alpha value as the relationship
between items and persons shows a value of
0.85. Based on the reliability value can be
concluded that the reliability of the instrument
is classified as special or very good [18].
The one-dimensionality value, known
from the raw variance value, is 46%. This
shows the value of the variance instrument,
and the validity results are good because it
has a value greater than the threshold level,
40%. The value of unexpected variance
should not be more than 15%. Based on the
construct validity data obtained, there are no
unexpected variants that exceed 15%, and
the raw variance value is more than 40%. We
can say that the instrument good construct
validity, and the items can measure the
diversity of respondents’ abilities so that it is

feasible for use [15].
1. Value of item fit and item map.

Based on the results obtained from the
analysis of the item map on Figure 1, the
persons are divided into 3 groups of abilities:
low, medium, and high (on the left side of a
vertical line). Item maps are divided into 4
groups: very difficult, difficult, medium, and
easy (on the right side of the vertical line).
This division is based on the separation
produced by each category. This map
variable data are used to see the location of

items in the distribution of the item's difficulty

level and its relationship with the person. ltem
number 25 (S25) has a high level of difficulty,
so the students miss this item. Although S25
is a difficult item, it cannot be claimed directly
as an item containing misconceptions. This is
the same as items number 3 and 17 that
cannot be classified directly as
misconceptions because their item fits and
distractors must be further [11].

Item fit can be used as a way not only
to judge whether an item is good or not but
also to initially analyze the items that are
suspected as misconception items [11] . Item
fit is based on the suitability of the items with
the standard model used. In other words, we
judge whether the item functions normally or
not measurements. If an item does not fit
(misfit), it indicates a misconception of the
item's person. Some items have turned out to
be classified as intermediate but not fit, which
can be caused by only one group of people
with certain abilities who can answer [19].

Items number 26 (S26) and 5 (S5) are
identified as misfit items outside the fit
statistics area. These items can be
categorized as unusable items because they
contain misconceptions or only be effective in
only one group. Further use related to the
analysis of misconceptions that occur will be
better if you also look at the distractor's value
If, in this case, we only see which items are
ineffective, the next will be deeper to see
whether the distractor can describe the level

of students’ conception ]20].
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Figure 1. Item map using Rasch model analysis. S represents item; S25 = item number 25;
Symbol ‘# represents 6 persons and symbol ‘.’ for 1 to 2 persons.
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2. Distractor analysis

In the multiple-choice test for cognitive
tests, the effective use of a distractor to
distract the participants' concepts can be
identified from the change in the average logit
of the test participants. The logit value will

indicate the change in value from the

distractor in the smallest to the largest order
for the rarely chosen option to the correct
answer value. The value always increases. If
the value is known to the contrary or the
correct option is at the bottom, this indicates
that a misconception exists based on the

distractor analysis [11].

(1) Ethylene Glycol in Car Radiators

DESALINATION

e
(3)Seawater Desalination Ice, in Making Ice Cream,
which is an Example of a decrease in osmotic pressure and a decrease in

The following is an application example of the colligative properties of a solution

08

Option Probability

2 08 0.4 18 28 4

Measure relative to item difficulty

s . — Category code: 0 — Category code: B — Category code: D  —
ﬁ’cczmg point? — Category code: A — Category code:C  — Category code: E
A. (3)and (1)
B. (2) and (3) (A) Category code: A (B)
C. (3)and (2)
D. (1) and (4)
E. (2)and (4)
Figure 3.  The distractor analysis (B) for item number 5 (A).

treated by adding lemon juice, boiling water, water, air, and cooking oil.

1
which nail will rust the fastest?
A (1)
B. (2)
C.(3)
D. (4)

E. (5) (A)

There are five nails that are inserted into five glass containers, each container is

25. 525

Option Probability

s 08 04 16 28 4

Measure relative to item difficulty

— Category code: A — Category code: C  — Category code: £ — B
— Category code: B — Category code:D  —

Figure 4.

The distractor analysis (B) for item number 25 (A).
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Look at The Following Picture

cathode

[
| anode

+) electrolyte (=)

K2S04

from the picture above, the correct statement is?
H> gas is produced on the negative electrode
. H,O oxidation occurs at the cathode

. on the positive electrode, SO4>_is reduced

. at the cathode there is reduction of K

. at the anode, an oxidation reaction of C (A)

aoow

[¢]

26. 826

Opticn Probability

2 08 04 18 28 4

Measure relative to item difficulty

(B)

— Cotegory code: A — Category code:C  — Category codetE  —
— Category code: B — Category code:D  —

Figure 5.

Item number 5 (S5) discusses the
application of the colligative nature of
solutions in daily life. As we know that the
colligative nature of solutions in chemical
concepts includes a decrease in freezing, an
increase in boiling points, and a decrease in
vapour pressure and osmotic pressure. The
concept of this material is how the solutes can
affect the original nature of the solvent. The
addition of solutes is widely used in life,
especially in the industrial field. One example
of osmosis pressure application is seawater
desalination, which is the purification process
of seawater. This purification is done by
applying pressure to the surface of seawater,
whose value is much greater than the sea
water's osmotic pressure. This pressure will
force water to seep from salt water into pure
water through a semipermeable membrane
and leave ions in seawater that cannot pass
through this membrane. This concept is still
unfamiliar to students, so it will be difficult to
understand and be misinterpreted. The term
desalination is thought to be related to a
decrease in the boiling point instead of

osmotic pressure. An error causes this

The distractor analysis (B) for item number 26 (A).

misconception in understanding the term
desalination and seawater identical to salt.
Students also think that things related to
temperature always have a relationship with
The

illustrate that the freezing point is something

temperature. textbook explanations
related to salt used to reduce the freezing
point of ice [21].

On the one hand, only a few students
know ethylene glycol’s function car radiators.
Ethylene glycol is used to reduce heatin cars.
In a region with four seasons, the water in the
radiator will easily freeze [22]. The radiator
with frozen water will certainly affect the
performance of the engine. Ethylene glycol
serves to reduce the freezing point so that the
radiator water will be more difficult to freeze
[23].

It is shown in Figure 3(B) that options
C and D work very well to outwit students.
They experience confusion in choosing
between options A, C, or D because they
have problems determining scientific terms
that are unfamiliar such as desalination and
the glycol.  The

misconceptions occur mainly because the

use of ethylene
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students are less able to recognize terms and
phenomena so that students experience
misapprehension in  determining the
application of the colligative the solution.

Item number 25 (S25) is categorized
as the most difficult question. From the
analysis results, even from the high groups,
no one can answer this question. This misfit
guestion may be caused by its difficulty level
that is too high. Figure 4 (B) shows that B and
B options confuse students with their basic
concepts about rusting. Students choose
options A and B more than option C, which is
the correct answer.

Options A and B in Figure 4 (A) are
conceptually intended to assess students’
understanding of the basic concepts of
rusting by giving them the choice of replacing
water with acid for option A and with boiling
water for option B as we know that rusting will
occur more quickly in the presence of
oxidation reactions initiated by oxygen and
water. The more Oz and H20 contents, the
faster rusting will occur. Acid gave in tube
number 1 (options A) theoretically shows that
the oxidation reaction will be inhibited
because the dominant content in the acid is
H*. Simultaneously, Oz and H20 will be more
difficult to penetrate the acid solution so that
the oxidation reaction will run slower. Option
B shows the difference between boiling water
and unheated water is the Oz content in it.
Boiling water has less Oz content than
unheated water does because the heat
generated will loosen the hydrogen bonds
between water molecules, which causes this
compound to release some oxygen and some

minerals present in the water [24].

Misconceptions occur due to the
students’ misunderstanding of the basic
differences between boiling water and the
water that does not experience the healing
process. They assume that heating water will
make iron rust fast, but they do not realize
that the heating effect will reduce oxygen
levels in the water to hamper the rusting
process. Meanwhile, the acid that slows
down the rusting process is considered a
compound that can accelerate the rusting
process. The students’ conception related to
the process of rusting still brings up several
misunderstandings due to their
misperceptions about the content of H* in
acids and the reduction in Oz levels caused
by heating. The choice of the options with
differences in treatment or the addition of
substances that the students are not familiar
with proves the be effective in determining
the levels of students’ misconceptions.

Item number 26 (S26) is identified as
an item containing a misconception. The
value of ZSTD, MNSQ indicates this. The Pt
measures Corr value that exceeds the
standard value and the value of the distractor
points where the correct option has the
average ability value that is not the same as
guestions 5 and 25. Question 25 has the too-
high level of difficulty, while questions 5 and
26 have the same case, hamely misfit and the

average ability value of the distractor used.

CONCLUSION

Misconception analysis does not require a
specially modified test instrument. The
analysis can be performed using a test
instrument in multiple-choice questions, as is

widely used by teachers. The misconceptions
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existence can be analyzed through distractor

analysis of several questions. In the

colligative nature material, it is evident that
the students cannot express the initial
concepts when given new terms they do not
understand, which causes a misconception.
In the material of oxidation and reduction, the
error in assessing that boiling water has a
higher oxygen value and acid can accelerate

rusting results in the students' misconceptions.
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