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Abstract. Fifteen distractor two-lef§l multiple choice items were
developed as diagnostic instruments to evaluate the level of conceptual
understanding and structure of students' misconceptions in explaining
redox reactions. Questions at the first tier (Q1) assess the level of
knowledge, and questions at the second tier (Q2) assess the level of
reasoning of students. This instrument was given to 1150 §&jticipants.
The participants were 11th grade students, from eight senior
schools, in the Eastern part of Indonesia. The collected data was
analyzed using the Rasch model approach. The results of this study
provide diagnostic and summative information on the progressiveness
of student learning outcomes, as well as evidence of empirical validity
and reliability of measurement. In addition, by comparing the size of
items Q1 with Q2, it was found that the level of student knowledge is
not always proportional to the level of reasoning, even in some cases,
the level of knowledge is lower than the level of reasoning, and vice
versa. The results of the investigation using the option probability curve;
it was revealed that there were students’ misconceptions and
inconsistencies about the concepts of reduction, oxidation and oxidation
numbers. This result confirms why students have difficulty interpreting
and converting redox reaction equations.

Keywords: two-tier instrument; distractor; understanding; reasoning;
redox reaction.

Introduction
The framework of this research is based on constructivism approaches, gfghich
assume that students actively build their own conceptual understanding. In this
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context, teachers play an important role in facilitating students to develop their
learning creativity, to construct their knowledge and conceptual understanding
as optimally as possible. Early concepts that have been understood by students
will determine the learning outcomes (Rahayu, 2017). However, this effort is not
easy for students. Many studies have showed that students must study hard to
understand chemical concepts deeply and meaningfully (Hadenfeldt, Bernholt,
Liu, Neumann, & Parchmann, 2013). Students can find it difficult to understand
chemical concepts due to their complex and abstract characteristics (Johnstone,
1991; Taber, 2013; Gabel, 1999). Therefore, students develop their own
conceptions, which tend to be different from the scientific community
presumption. Coherent but wrong conceptual structures that have been firmly
embedded in the minds of students, especially related to daily experience are
misconception (Chandrasegaran, Treagust, &Mocerino, 2007; Johnstone, 2006;
Taber, 2009; Taber, 2013).

One of the core concept within Chemistry curriculum in middle school in
Indonesia ifffedox reaction. Chemical education experts in Indonesia have
Ektensively reported that students find it difficult to understand this concept.
Students find it difficult to show good quality of conceptual understanding
through utilization of two tiers distractor-based instrument. This study was
aimed at evaluating the conceptual level of understanding of the students in
describing the redox reaction, which focuses on two important aspects,
knowledge and reasoning. Evaluation of knowledge relates to measurement of
students” mastery toward the content of oxidation, reduction, and the shifts in
oxidation number concepts. Whereas, reasoning evaluation deals with the
measurement of students’ ability in providing reasons/feedbacks to back up
their understanding. The good quality of students’ conceptual understanding is
when students were able to know and describe their knowledge properly. The
main focus of this study was aimed at describing two issues, (1) how effective is
the two-tier distractor-based instrument to measure level of conceptual
understanding and diagnose the str@fgure of students’ misconception? And (2)
how is the description of conceptual level of understanding and the structure of
students’ misconception in describing the redox reaction? Therefore, this
quantitative research is non-experimental in combination with a qualitative
descriptive study. It is not be manipulated nor regulated the process or learning
material.

Theoretical Framework

Scientific education researchers have developed many types of instrumerf to
diagnose student misconceptions. One of them that is often used today is a two-
tier multiple choice diagnostic instrument (Treagust, 1988; Chandrasegaran et
al., 2007; Tiiysiiz, 2009; Femintasari, 2015). This instrument cannot only evaluate
conceptual understanding, but also can diagnose student misconceptions.
Qualitatively, this diagnostic instrument is relatively effective in providing
information regarding the way of students think and who have misconceptions.
However this instrument tends to have limitations, such as the weak internal
consistency. Because the instrument is not in the same measurement dimension,
then it is difficult to use for summative measurement (Lu & Bi, 2016).
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Misconceptions studies tend to have interesting progress as researchers have
new concepts of this issue. Research findings showed that the fallacies are often
resistant and still persist even after formal learning. This new concept of
misperception has been evolving since the early 2000s, along with the
progression of knowledge and reasoning, which varied according to the level of
understanding of students (Aktan, 2013). Two-level @agnostic instruments can
diagnose misconceptions, but cannot measure the level of conceptual
understanding and evaluate the development of students' knowledge and
reasoning. As a result the information produced is relatively limited for teachers
for making decisions (Wilson, 2008).

Furthermore, Rasch model has been introduced as a measurement method that
can integrate the diagnostic evaluation approach of students' misconception
with summative evaluation of students (Liu, 2012). Although there are still
studies that develop formative evaluations to investigate the progression of
student learning outcomes (Claesgens, Scalise, Wilson, & Stacy, 2009;
Hadenfeldt et al., 2013), several other studies have developed integrative
diagnostic and summative approaches (Hoe & Subramaniam, 2016). In fact,
there are studies have developed instruments based on Rasch modeling, which
integrate the diagnostic evaluation approach to misconception with summative
evaluation in chemistry learning (Chi, Wang, Luo, Yang, & Huang, 2018).

This study was designed using a Rasch-based instrument, in the form of a two-
level distractor-based multiple choice item. Multiple choice items are often
criticize as it tests only the facts and due to its inability to diagnose student’s
understanding (Klassen, 2006). These downsides are solved using the power of
diagnostic selected items with two stratified questions (Treagust, 1988), and
utilizing answer distractoffhoices on each item (Sadler, 1998; Herrmann-Abell
& DeBoer, 2011). The aim of this research was to develop a distractor-based two-
tier multiple-choice diagnostic instrument (TMDI), to evaluate the level of
conceptual understanding and structure of students' misconceptions in
explaining the redox reaction.

Method

There are three important components that are interrelated in the progression of
measurement instruments: cognition, observations and interpretations.
Cognition refers to theories or constructs about how students' ugglerstanding
develops related to what they learn. Observations refer to student performance
based on the type of problem solvi§ or task and situation at the time of
measurement. Interpretations refer to the results of data analysis, in the form of
a statistical model as a summary of students' understanding patterns (NRC,
2001). These three components become an important part of the development
stage of the instrument proposed by Wilson (2008), which includes
developmental progress variables, item models, outcome space, and
measurement models. The first stage is developmental progress variable, with
regard to the developmental evaluation variables and progressiveness of student
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learning outcomes that only focus En one characteristic to be measured. The
second stage, the items model relating to the form of items that designed to
obtain suitability between the measurement and various understanding
diagnoses. Each item is designed to provide a response that is diagnosing
student understanding, at least one level for one construct map. The third stage,
the outcome space, is student learning outcomes that are categorized for all
items related to certain progress variables. The fourth stage, the measurement
model, in this study uses the Rasch model.

The diagnostic instruments developed in this study were adapted from the
framework of developing two-tier diagnostic instruments reported by Treagust
(1988) and Chandrasegaran, Treagust, & Mocerino (2007). Distractor item design
were adapted from Herrmann-Abell & DeBoer (2011) and Hadenfeldt, Bernholt,
Liu, Neumann, &Parchmann (2013), so that it can be used to diagnosis what
students do, what don't thdf know, the misconceptions and alternative ideas
that they have understood. The data obtained were analyzed using the Rasch
model approach, through the four steps described below.

Description of students' conceptual understanding

The first step is to describe students' conceptual understanding. This requires a
construct map that provides the substantive definition and the qualitative level
of the construct, according to the complexity of the construct of the variable
being measured (Wilson, 2009). The progress of students’ understanding on how
and what they understand is related to the construct of definition map (Wilson,
2012). The map definitions of students' corfgptual understanding in explaining
the redox reaction was elaborated from the Chemistry Curriculum of High
Schools in Indonesia. Learning redox reaction concept intended to improve
students' ability to identify redox reactions, oxidation numbers and able to
analyze the redox reaction based on changes in oxidation numbers, obtained
from experimental data or through experiments (Ministry of Education and
Culture, 2016). The progressiveness of student learning outcomes is the
comprehensive and interrelated students’ conceptual understanding in
explaining the redox reaction. The word "explain" in the definition, implies that
students must be able to interpret and develop their own reasoning, in which
used to solve problems related to #flox reactions. A map of the definition of
level of conceptual understanding is shown in Table 1.

Table 1. The level of students' conceptual understanding in explaining the redox

reaction
Representation | Conceptual Understanding of Redox Reaction Item
Level
Macro, 9. Students can determine non-redox reaction by 14E
submicro, analyzing submicroscopic diagram.
symbolic 8. Students can convert subumicroscopic diagrams 13D

of iron rusting reaction to symbolic chemical
reaction equation

7. Students can determine autoredox reaction by 15F
analyzing submicroscopic diagram that
illustrated by reaction between bleaching powder
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and HCl and dissolve in water.

Symbolic 6. Students can determine elements that undergoing | 4skAb,
oxidation state change in A and B redox reaction | 6skBb

5. Students can determine substances that act as JskAs,
oxidator and reductor in A and redox reaction. 7skBs

Submicroscopic | 4. Students can determine submicroscopic diagram | 10sbBx
of irreversible reaction between Zn dan CuSO4,

3. Students can determine net ion equation by 2sbAi,
submicroscopic diagram of A dan B redox 9sbBi
reaction.

2. Students can interpret submicroscopic diagram of | 8sbBe,
transfer elctron in B and C redox reaction. 12sbCe

Macroscopic 1. Students can identify color change of solution
due to redox process:
A. Iron metal dipped in CuS04 solution ImA
B. Zink metal dipped in CuSO4 solution 5mB
C.. Iron metal dipped in H2504 solution 11mC

Table 1 presents nine levels of conceptual understanding of students, in
interpreting and converting redox reactions A, B and C, through macro,
submicro, and symbolic representations. The purpose using representations are
(1) Macroscopic representation to measure students 'abilities in describing real
and visible redox reactions, according to everyday student experience, or at least
experience when observing change in redox reactions (such as discoloration of
solutions, gas formation, deposits) through laboratory experiment. (2)
Submicroscopic ffgpresentation to measure their ability to interpret and explain
redox reactions at the particulate level, using images of atoms, molccm:s and
ions. (3) Symbolic representation to measure students' abilities using chemical
symbols, formulas and equations, molecular structure, and diagrams. (4)
Through macro, submicro and symbolic representations, can be Imsurc'd
students' ability to explain redox reactions based on the relationship of the three
(EB els of representation. Therefore the ability of students to interpret and convert
macro, submicro and symbolic representations is closely related to the
construction of students' conceptual understanding. If students do not have
proper understanding of the redox reaction, then students may difficult to
explain the redox reaction using representation.

Acquiring chemical knowledge without clear conceptual understaffiing can be
confusing for student, because simultaneously they are required to be able to
explain the concept using all three levels of repreggntation (Chandrasegaran et
al., 2007). Students must explain reaction changes at the macroscopic level, then
explain changes at the particulate level, and the last explain using symbols and
formulas (Gabel, 1999). For example, the redox reaction A. When iron (Fe) is
dipped in CuSO4 solution, macroscopically, the color changes reddish. The next
level is students must be able to interpret the “macro” changes to the particle
level (using a submicroscopic Efigram), and then symbolically write down the
redox reaction equation, into: Fe(s) + Cu2+(aq)— Fe2+(aq) + Cu(s) (symbolic).
Students competency to explain the redox reaction A, by interrelating the three
levels of representation, can only be achieved when students are facilitated to
experience direct learning with the real world (macro), then submicro and
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symbolic explanations are gradually introduced. Therefore getting knowledge
by students becomes more structured, systematic and constructive that stored in
the long-term memory of students (Tsaparlis, 2009).

Consider the following picture: | Question:

= Q1. Figure (a) show iron metal, and (b) is CuSO4

o solution with blue color. If iron metal dipped
+ into CuSO4 solution, what is the change that
will be occur?

A. Iron metal does not dissolve in CuSO4

solution
Gambar () Gamber )

B. Iron metal dissolved like sucrose
dissolved in water

C. Iron changed to reddish color.

D. CuSO4 solution does not undergo any
change

Q2. Which one of the following is the reason of your
answer:
A. Iron metal undergo oxidation
B. Iron metal does not react with CuSO4 solution

C. Iron metal is easier to gain electron.

D. Iron metal dissolve in CuSO4 solution

Figure 1. Item 1mA (Q1/Q2)

Item Design

The third step is data collection using a two-tier multiple choice instrument,
which is given to 1150 tenth grade students from eight senior high schools in the
northern region of Sulawesi, Indonesia. Students are chosen randomly, and
agree to be voluntarily respondents. All students have learned redox reaction
concept according to the Chemistry Curriculum Standards in Indonesia. Process
standards and learning outcomes have been elaborated completely in this
currriculum. Chemistry teachers are required to develop and use problem
solving-based instructional strategies. This strategy is used to encourage
students to desig@ffand make redox reaction experiment, practice to solve
problems, explain the process of electron transfer, in the reaction between iron
metal dipped in a solution of CuSO4 and H2S04, discuss redox reaction
equation, and determine elements that are undergoing a changes in oxidation
number. Based on this curriculum, it can be understood that by learning process
students may form their conceptual understand of redox reactions in a gradual,
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constructive, systemic and interrelated manner. Likewise, it can be explained
when students have many misconceptions, indicating that ggdents do not
experience a whole and meaningful learning process. If these assumptions can
be proven empirically, the instruments developed in this study have good
predictive validity.

Data have been collected for three months, in each school. Students respond
manually through a written answer sheet. The test time is 45 minutes and was
supervised by teacher. All students are told to answer all questions in the
instrument. After testing, all instrument texts are collected directly by the
researcher. There are no instrument texts that are not collected.

Measurement Model
The fourth step is use the Rasch analysis model approach to calibrate the
difficulty level of the item and studentsfbility level on the same interval scale.
Raw data is inputted in Excel format in the form of dichotomous data, then
converted into interval data, using WINSTEPS version 3.75model software
(Linacre, 2012; Bond and Fox, 2015). Raw data input considers the item §odel
that containing two questions Q1 / Q2. Student responses on each item in the
first tier (Q1) and in the second tier (Q2) were analyzed separately.

7
The Rasch model, combine an algorithm 'i' (as EIE results of probabilistic
expectations of if§ms) and students ‘n', which are mathematically stated by Bond
and Fox (2015), as: Pni (Xni=1/(Bn,6i )=( e”((Pn-6_i)))/ (1+(Bn-6_i)), where:P_ni
(Xni=1/(pn,di )is the probability of students “n” in items “i” to get a correct
answer (x = 1); with student ability fn, and difficulty level of items 6i. The above
equation can be further simplified by entefffjg the logarithmic function and
making it:so that the probability of success is: the probability of success equals to
the ability of the student minus the gjifficulty level of the item. It is important to
underline that students’ ability and items are stated at the same and
independent intervals. The level of fudents' abilities and difficulty level of items
is measured in units of logarithms called odds or logs, which can vary from -00
to +00 (Herrmann-Abell & De Boer, 2011; Sumintono & Widhiarso, 2015).

Rasch models can evaluate the level of understanding, reasoning of students and
the difficulty level of items. To test efficiency of the instrument indirectly is by
comparing the distribution of difficulty items with the level of understanding
and reasoning of students. This is different from the classical test theory
approach, which cannot diagnose the level of understanding of students,
because the difficulty level of items is only based on raw data (Lu & Bi, 2016).
Student with high ability will be able to answer items with a lower level of

difficulty.
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Result and Discussion

Reliability

Reliability explains how far measurements produce information that is
consistent in revealing latent traits. Can the TMDI instrument measure the
unidimensional nature of latency, namely students' conceptual understanding in
explaining the redox reaction (Sumintono gfWidhiarso, 2015). The measurement
reliability of the person item is based on the person separation index and item
separation index. The Separation index can also be converted to Cronbach's
equivalent value from 0-1. Table 2 shows a summary of fit statistics, which are
compatible with the Rasch dichotomous model.

Tabel 2. Summary of fit statistics

Person (N=1150) Item (N=30)
Reliabilitas 0,58 0,99
Infit MNSQ 1.00 1,00
Qutfit MNSQ 1.03 1.03
Separation index 1.18 10,14
Cronbach Alpha 0,61 -

From Table 2, it is known that the person separation index is 1.18which is
equivalent to the reliability value of persor$.58. This value indicates that the
reliability of the person is relatively weak. This means that the consistency of
students' responses to TMDI test items is relatively weak Cronbach Alpha
Coefficient value of 0.61 indicates that the interaction between 1150 students
with 30 items is fairly adequate. However, this fact will not affect the teacher's
decision to develop students' abilities to be better (Wei, Liu, Wang, & Wang,
2012; Lu & Bi, 2016). The item separation index value (10.14) is equivalent to the
reliability value (0.99). This means that the consistency of the item is classified as
very good (special), or the item meets the requirements of unidimengfality.
This indicates that the item is able to define latent variables very well. The infit
and outfit values of most items are within the acceptable range for multiple
choice tests (Abell & DeBoer, 2011; Bond and Fox, 2015).

Validity
Validity describe how well measurements are carried out accordino what
should be measured. The validity of the TMDI test was tested by the suitability
analysis of the Rasch model item. If the test is able to measure four levels of a
student's ability to explgfji the redox reaction, then this test has good construct
validity (Linacre, 2012). The results of the analysis are presented in Table 3.
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Item Measure  Model INEIT OUTFIT PTMEA
SE  MNSQ 2ZSTD MNSQ ZSTD  Corr
1mA(Ql) 073 006 0,93 39 092 40 041
1mA(Q2) -1,00 0,06 0,94 -3.0 091  -35 0,40
25bA(Q1) -1.02 006 0.84 7.7 081  -18 0.53
25bA(Q2) 0,56 006 0,95 2.9 093 35 0,39
3skAs(Ql) 018 0,06 1,01 0.6 1.05 1.7 0,25
3skAs(Q2) 093 0,07 1,07 1.7 1,12 2.1 0,13
4skAb(Q1) 143 0,07 0,89 4.1 080  -57 0,47
4skAb(Q2) 0,15 006 0,90 54 089 48 0.45
SmB(Q1) 080 0,07 1,04 1,0 1,07 1.4 0,19
SmB(Q2) 071 006 0,96 2.4 095 26 0,37
6skBb(Q1) 0,51 006 0.88 -6.8 086  -1.3 0,48
6skBb(Q2) 044 006 0,88 -6.8 087 66 0,48
7skBs(Q1) 046 0,07 1,15 5.0 1,23 55 0,03
7skBs(Q2) 099 0,08 1,16 36 1,36 5.6 0,05
8sbB(Q1) 017 0,06 1,04 1.8 1,07 2,1 0,22
8sbB(Q2) 052 0,07 1,04 1.5 1,05 1.2 0,20
9sbBi(Q1) 040 006 0.88 72 088 -39 0,48
95bBi(Q2) 127 008 1,13 25 1.41 52 0,05
10sbBx(Q1) 025 0,07 0.85 6.4 083  -53 0,50
10sbBx(Q2) 035 0,06 0,96 2,1 095 25 0,36
11mC(Q1) 121 008 1,16 3,0 1,33 45 -0,05
11mC(Q2) -0,88 006 0.89 -6.0 086  -6.5 0,48
125bC(Q1) 097 008 1,06 1.4 1,11 1.9 0,14
125bC(Q2) 034 006 122 9.9 1,22 9.9 -0,01
13D(Q1) 031 007 1,05 2.0 1,08 23 0,19
13D(Q2) 034 006 1,12 6.2 1,13 6,0 0,13
14E(Q1) 0,10 0,06 0,94 2.5 093 2.5 037
14E(Q2) 014 006 0.94 26 095  -1.6 0.36
15F(Q1) 022 0,07 0,96 -1.8 097  -08 0,34
15F(Q2) 037 007 1,18 6.3 1,20 5.2 0,01

N = 1150. MNSQ values of 0.70-1.30 indicate the acceptable fit range; infit (weighted)
or outfit (unweighted) values outside this range indicate poor fit of the data to the Rasch model.
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Figure. 2 Item-person map for the 30 items (Q1 and Q2)

Quality of item fit is to examine whether the test item is functioning normally or
not. Items that are not fit indicate student misconception that item. The
indicator used is the value of Mean Square Residual (MNSQ). Outfit MNSQ and
infit MNSQ are sensitive chi-square to detect outlier responses. This value is to
show how much impact the item incompatibility has. Outlier responses are often
correct answers to items that are difficult by students with low ability due to
guessing, or wrong answers to items that are easier by students who are more
capable, due to carelessness.

Ehe ideal value expected from MNSQ is 1.0. In addition, another indicator is
point measure correlation (PTMEg] Corr). PTMEA Corr is a score and person
measure score correlation, whose value must be positive and not close to zero
(Bond @nd Fox, 2015). The criteria used is the means-square outfit (MNSQ)
valuca.S <y <1.5; z-standard outfit: -2.0 <Z <+2.0, and PTMEA Corr: 0.4 <x <0.8.
If the three criteria are not fulfill, the items are not good enough therefore need
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further investigation (Boone, Yale, & Staver, 2014). Based on Table 3, it is known
that no item does not meet the three criteria. However, there are four items,
namely 12sbC (Q2), 11mC (Q1), 9skBi (Q2), 7skBs (Q2)) which are negative, and
item 15F (QQ).whjch is close to zero. The five items require further investigation
7

After testing the suitability of the item, we examine level Ufaﬁculty of the item
with the level of ability of gfjdents, using "Wright Map" (person-item map), is
presented in Figure 2. This map shows the distribution of students' abilities (on
the left side) and the distribution of difficulty items (on the right side) vEglical
lines. Distribution of low-ability students and low difficulty items are at the
bottom of the map @istribution of high-ability students and items with high
difficulty levels are at the top of the map. The item's horizontal line mean (0.0
logit) is higher than the person mean (-0.52 logit). All items can reach the entire
scale of the student's logit ability. However, there are six items that are too
difficult for students, above the 1 SD scale (standard deviation). They are
5mB/Q1 (0.80), 11mC/Q1 (1.21), 12sbC/Q1 (0.97), 3skAs/Q2 (0.93), 7skBs/Q2
(0.99), and 9skBi/Q2 (1.27). These items need to be adjusted and examined
further.

™ n [ | [ | [ [V | ') |
1 50
: u o - = = L
o 5 O
. - {r
[ - O
o - n
- - | =] ©
BB g . ‘
e | . =) .
1 |

(a) (b) (c) (d)
Figure 3. Comparison of the size of items in the first tier (Q1) and in the second tier

(Q2)

(evel of conceptual understanding

The level of conceptual understanding of students is distinguished by the level
of knowledge (Q1) and the level of reasoning (Q2) in each construct studied
(item). This difference is explained based on the comparison of item size
(measures items). Students' misconceptions are examined by testing response
patterns and option probability curve patterns. The response pattern test is
estimated from the results of the distractor test, which is based on the acquisition
of the average ability of the item. If the average ability value rises, the effect of
the distractor works. This means that students give the answers are not by
guessing. However if the average ability value drops, the effect of the distractor
does not work meaning that the item is easy to guess. Student’s answers are not
representing the knowledge they have learned, because studentsgfess the
answer. The decrease in average ability value indicates that there are low-ability
students who are able to answer items correctly and / or there are high-ability
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students who answer incorrectly on items that should be answered correctly,
and this is not favorable for measurement (Smiley, 2015).

The option probability cufiye is used to explore the pattern of student responses.
Curves that correspond to the probability of the correct answer will usually
increase, and curve due to distractor will usuallg:lccrcasc with the increase in
students' abilities (Haladyna, 2004). In general, f@items that are driven by a
distractor, the curve obtained does not correspond to the probability curve of the
correct answfl (Sadler, 1998). Therefore, each student's answer are analyzed
separately, to represent data more accurately and provide additional
information about the aspects of misconception students have.

The probability choice answer curve provides information on the possibility of
students choosing on each answer option provided, as a function of the level of
knowledge and the level of reasoning in the construct being measured. In this
case, there are four curves, where one curve represents one answer. It means
that students who choose one answer choice, have certain conceptual
understanding of the construct being measured. Low-ability students related to
measured constructs will be interested infg@ertain misconceptions, and high-
ability students will be attracted to other misconceptions (Herrmann-Abell &
DeBoer, 2011). Iaadd.ition, the probability curve is presented through visual
images, to show the distribution of the correct answers and those experiencing
misconceptions in the whole of the spectrum of students' conceptual
understanding. Thus it can be identified which form of the curve is appropriate,
or is not appropriate, as an indication of the misconception of an item. Forms of
curves that are not appropriate, can also show a certain structure of
misconceptions, with patterns that are repetitive, consistent and will disappear
sequentially, along with increasing student abilities. Diagnosis of misconception
structures in an accurate way, allowsffbachers to develop more effective learning
strategies. In this article, an example of how Rasch modeling and the probability
option curve can be used to reveal the structure of students' misconceptions in
explaining the types of redox reactions.

Level of macroscopic reasoning

The level of macroscopic reasoning is the students' ability to describe the color
change of the solution due to A, B, and C the redox reaction processes, that was
evaluated with items 1mA, 5mB, and 11mC. In the first tier (Q1) students are
asked to determine what changes they know, if I’CmUTI.S A, B and C occur. In
the second tier (Q2) studerf§ are asked to state the reason for the answer in the
first tier. The difference in the level of knowledge and reasoning of students on
each it@h is determined by the size of the item. The larger the item size, the
higher the difficulty level of the item, the lower the level of knowledge and
reasoning of students.
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Figure 4: Option Probability Curve (a) item 1mA (Q1); (b) item 1mA(Q2)

Figure 3a shows that the size of items in the first tier (Q1) is in the range of -0.55
logit to 1.25 logit, while in the second tier (Q2), no more than -0.50 logit. It
means, empirically the level of student knowledge is lower than the level of
reasoning in identifying the changes colors of the solution of A, B and C redox
reaction at the macroscopic representation level. To explain this fact, option
probability curve is used for item 1mA (Figure 4).

For curve 4 (a), low-ability students (between -1.5 to 0.5 logit) tend to choose the
distractor answer option, namely A (iron will not dissolve in CuSO4), and B
(Iron dissolved in CuSO4, such as as sugar dissolves in water). It is seen that the
peak of the A curve is more dominant than B. Students with moderate ability
levels (more than 0.5 logit) tend to choose the right answer C (the solution turns
reddish). This pattern of misconception shows evidence of the lack of acquisition
of student knowledge about the redox reaction, and develops logical
misconceptions, iron is insoluble in CuS04, due to the hard properties of iron.
Through the 4c curve, it is known that students with ability levels (-1.5 to 1.5
logit) are more dominant choosing the answer distractor B option (Iron does not
react with CuSO4 solution). Students with an ability level of more than 0.5 logit,
tend to choose the correct answer option A (iron undergoing an oxidation
reaction). It appears that there is ff same student response pattern, stating that
iron is insoluble in CuSO4. This pattern of misconception can be understood,
because students with limited levels of knowledge, incomplete learning
experiences, tend to choose to what is physically visible. This is an alternative
framework of students (Johnstone, 1991; Lu & Bi, 2016; Taber, 2013),
understanding that contains misconceptions. This result support the studies
reported by Chandrasegaran et al (2007) and Herrmann-Abell & DeBoer (2011).
This result also describe that macroscopic factual knowledge and students'
rational reasoning are out of sync. It is possible that students never make direct
observations through experiments to identifying the color changes in the
solution of the redox reaction process.
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Submicroscopic reasoning level

The level of submicroscopic reasoning is related to student ability to explain the
redox reaction at the particle level. Based on item size (Figure 3b), interesting
facts were found, first, in the first tier question (Q1), the item size 12sbCe (0.97)
is greater than 8sbBe (0.17), wifile in the second tier (Q2), item size 12sbCe (-0.24)
is smaller than 8sbBe (0.52). This means that the level of student knowledge is
lower than the level of reasoning, in explaining sub-microscopically the electron
transfer process in the redox B and C reactions. Second, in the first tier (Q1) item
size is 2sbAi (-1.02) and 9sbBi (-0.40) very low, so in the second tier (Q2) items
2sbAi (-0.56) are low. That is, the level of students' knowledge and reasoning in
expressing the net ion reaction equation through the interpretation of the
submicroscopic diagram of the redox A and B reactions, is very low. Unless the
item size is 9sbBi (1.27), which is very high, it's hard to explain becaugggthis
item's distractor option doesn't work. Thirdgpthe size of items is 10sbBx in the
first tier (0.25) while in the second tier (0.35). This means that the level of student
knowledge is lower than the level of reasoning, in determining the
submicroscopic diagram of the reaction of Zink metal dipped in CuSO4 solution,
if the reaction is complete (irreversible). These three facts prove that
submiroscopicallFEtudents do not have good knowledge and reasoning. There
is a gap between the level of knowledge and the level of reasoning. Conceptual
understanding of students tends to be inconsistent and partial.

To explain how students develop their understanding at the submicroscopic
level, it can be exemplified through the analysis of item response patterns 2sbAi.
This item tests the ability of students to interpret the submicroscopic diagram,
the redox A reaction, which is iron metal dipped in a solution of CuSO4 (Figure
5). Based on Figure 5, in the first tier question (Q1), students are asked to write
net ion reaction equations, as in the secofil tier (Q2), students are asked to give
the reasons of answers in the first tier. The option probability curve form for
item 2sbAi is shown in Figure 6.

Curve 6a, shows that students with low ability levels (smaller 0.0 logit than the
@fility of students as a whole) tend to choose the answer distractor C (Fe2+(s) +
Cu(aq)— 2Fe(aq) + Cu(s)) and B (Fe(s) + Cu(aq)— Fe2+(aq) + Cu(s)). C and B are
answers that contain misconceptions. Stu@ghts with a level of ability greater
than 0.0 logit, choose the correct answer A (Fe(s) + Cu2* (aq)— Fe2+(aq) + Cu(s)).
On the other hand, on the 6b curve, students with low ability levels (less than -
0.5 logit) tend to choose C option (reaction of iron and CuSO4 is a redox
reaction). Students with abilities ranging from -1.5 to 1.0 logit, tend to choose A
(iron accepts electrons from CuSO4). C and A contains misconceptions. Students
with abilities above -0.5 tend to choose the correct answer B (Cu?* ions are
reduced to Cu).

Student response patterns on curves 6a and 6b indicate that students have low
ability at submicroscopic reasoning. Although the diagram of electron transfer
has been given, it cannot help students, because they are more likely to take to
what they understand about oxidation and reduction. This is also found in item
9sbi, students are more difficult to express the net ion reaction equation of B
reaction than A. In fact, these two items qualitatively have the same degree.
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before reaction after reaction

Figure 5. Submicroscopic Diagram of Transfer electron process between iron metal
and CuSO4 Solution
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Figure 6. Option porbability Curve Kurva: (a). item 2sbAi(Q1), and (b) item 25bAi(Q2)

Level of symbolic reasoning

The level of symbolic reasoning is evaluated based on students' ability to
determine: (a) species that act as oxidizing and reducing agents (items 3skAs
and 7skBs); and (b) elements undergoing oxidation number changes (items
4skAb and 6skBb). Based on item size comparisons (Figure 3c), interesting
findings can be explained, as follows: first, item size Q1 (3skAs: 0.18 and 7skBs:
0.46) is greater than item Q1 (4skAb: -1.43 and 6skBb: -0.44). That means,
students are more difficult to determine which species act as oxidizeing and
reducing agents rather than determining the elements that undergo changes in
oxidation numbers. Second, in terms of item size Q2, the highest difficulties for
students are 7skBs (0.99), 3skAs (0.93), 4skAb (-0.15), 6skB (-0.44) respectively.
This means students are more difficult to give a reason in determining the
oxidizing / reducing species rather than determining the element that
undergoes oxidation number changes. This fact is interesting, because the
understanding of the concept of oxidation number and determination of species
which act as oxidizers and reducing agents, are interrelated. To elaborate this
problem, student response patterns was analyzed, and was exemplified through
items 6BB and 7KBs (Figure 7).
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Figure 7. (a) Item 6skBb(Q1/Q2), (b) Item 7skBs(Q1/Q2)

Questions in the first tier (Q1) item 6skBb, basically testing the ability of students
to write equilibrium reaction equations of Zink metal dippe)in CuSO4, and
determine how much Zn oxidation number is in the reaction. In the second tier
(Q2), studgts are asked to determine the oxidation number of Zn in the reaction
equation. The option probability curve of this item is shown in Figure 8. Curve §
(a), shows that students with the lowest ability (smaller than -1.0 logit) tend to
choose the misconceptions answer A, B and C. The highest probability of choice
is A, then decreases with increasing probability of high-ability students (more
than 0.5 logit), who choose the right answer D. It means, students'
misconceptions, especially in understanding the changes in oxidation number of
Zn (from 0 to -2), Zn experiences reduction.
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Figure 8. Option probability curve (a). item 6skBb(Q1), and (b). item 6skBb(Q2)

Curve 8(b), confirms this misconception, where low-ability students (small from
-0.5 logit), tend to choose C and A, while the probability of students choosing the
right answer option B, above ability from -0 , 5 logit. This fact shows the
students' weak understanding regarding the concept of oxidation number. To
test this fact, the evaluation continued with the ability of students to determine
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which species acted as reducing agents in the reaction of Zink and CuSO4,
through item 7skBs, presented in Figure 7 (b).
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Figure 9. Option probability curve (a). item 7skBs(Q1), and (b). item 7skBs(Q2)

Based on the probability curve item 7skBs (Q1) in Figure 9 (a), it is known that
the choice of answer B, which contains misconceptions, is the answer choice
with the highest probability chosen by the lowest ability students (-3.0 logit) to
0.5 logit. This curve rises to reach a peak of 1.0 logit. Students argue that the
Eflucing agent in the reaction between Zn and CuSO4 is a solution of CuSO4.
The probability of students choosing the right answer A (reducing agent is Zn
powder) was chosen by low-ability students, -3.0 logit to 0.3 logit. However, the
curve actually shows unusual shape, have two peaks then decreasing. The first
peak, at the level of students 'ability is smaller than -1.0 logit, and the second
peak, at the level of students' ability is greater than 0.0 logit. On the other hand,
Ede 7skBs (Q2) curve in Figure 9 (b) shows that there is no answer of studets that
reach option probability values up to 1.0 logit. The avarage of student ability is
only able to reach a value of 0.6 logit option probability, from a scale of -3.5 logit
to -0.4 logit.These interesting facts can be understood, because they support the
previous facts, namely students understanding about the concepts of reduction,
oxidation, and oxidation numbers is weak. Students are not able to determine
which species act as reducing agents in the reaction of Zink and CuSO4.

Macro, submicro and symbolic levels of reasoning

Macro, submicro and symbolic reasoning levels are evaluated based on students'
ability to interpret and convert macro, submicro and symbolic representations,
to explain three types of reactions, namely D, E and F. The letter "D" is a symbol
of an item that presents a reaction to iron metal; "E" is a symbol of non-redox
reaction (i.e., silver nitrate and potassium chloride solution); and F is the auto-
redox reaction symbol. These three types of reactions are evaluated, to confirm
students' ability to relate their knowledge and reasoning to the three levels of
representation.

Figure 3d show the comparisons of sizes 13D, 14E, and 15F. In the first tier (Q1),
the difficulty level of the item is 13D> 15F> 14E. That means, students are more
difficult to interpret rusting iron reactions, rather than auto-redox reactions and
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non-redox reactions. In the second tier (Q2), the difficulty level of the item is
15F> 14E> 13D. This means that students are more difficult to explain the auto
redox reaction process, rather than a non-redox reaction and a rusting iron
reaction. This fact is really interesting, especially item 13D, because between Q1
and Q2 there is a very wide gap. This item asks students to analyze a diagram
that illustrates the redox reaction of rusting iron, and then converts to equivalent
chemical reaction equation. The result is that students do not have difficulty
giving logical reasons related to the iron rusting process with the reaction
equation (Q2), but they are very difficult to convert submicro diagrams into
reaction equations (Q1). The results of the response pattern analysis found that
34% of students stated the reaction of iron rusting is 4Fe + 303— 2Fe203 and
48% of students stated that the metal was reduced and oxygen was oxidation. In
fact, the correct reaction is: 4Fe + 302— 2Fe203, because iron metal undergoes
oxidation, oxygen undergoes reduction. This evidence support previous
findings that students' understanding of oxidation, mucti(m and oxidation
numbers concepts is very weak. Then in item 14E, students were asked to
analyze the submicroscopic diagram of the reaction process of a solution of
silver nitrate and potassium chloride solution which produced white deposits:
AgNO3 + KCl— AgCl + KNO3, and asked whether the reaction is redox
reactions or not. The results showed that the size of items 14E / Q1 and 14E / Q2
is relatively not much different. That means, students are able to understand and
have logical reasons for determining non redox reaction. However, there are still
25% of students stating that the reaction of AgNO3 + KCl— AgCl + KNO3 is a
reduction reaction, and 33% of students have reason that there is a change in
oxidation number and electrons transfer in the reaction. This fact makes it clear
that students are not able to distinguish redox and not redox, due to confusion
in determining which species act as oxidizers and reducing agents.

In item 15F, students were asked to analyze submicroscopic diagrams which
illustrated the reaction of bleach powder mixed with HCl (CaOCl, + HCI —
CaCl, + Cl; + H20), then mixed with water, and@duced hydrochloric acid and
hypochloric acid (Cl12 + H20 — HCI + HCIO ) The results of the analysis show
that the size of the item 15F/Q2 is more difficult than 15F/Q1. That means,
students are very difficult to give opinions regarding the auto-redox reaction
diagram, but can determine the auto redox reaction equation. 44% of students
are sure that the reaction: Cl, + H.O — HCI + HCIO is a redox reaction, and 30%
of students have reason that the reaction occurs because there is electrons
transfer. The correct answer is that the reaction (CI2 + H20 — HCI + HCIO) is an
autoredox reaction, because of the oxidation and reduction reactions of the same
substance. This result is evidence that student misconceptions tend to be
consistent, related to the understanding and reasoning of the concepts of
oxidators and reducing agents, changes in oxidation numbers.

Conclusion

The diagnostic instrument developed has construct validity, which can be used
to evaluate the level of students 'conceptual understanding, including
knowledge and reasoning, and diagnosing students' misconceptions in
explaining the redox reaction. At the level of macroscopic reasoning, a repetitive
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student response was found, which states that iron is insoluble in CuSO4. For
low-ability students, this pattern of misconception can be understood, because
the limited level of knowledge and reasoning makes students tend to stick to
what is physically visible. This misconception may develop from learning
experiences that do not go through the process of direct observation or through
experimentation. In the level of submicroscopic and symbolic reasoning, there is
a gap between the level of knowledge and the level of reasoning of students.
This gap is detected again at the level of macro, submicro and symbolic
reasoning. Because the acquisition of student knowledge is not complete, it is
difficult for students to explain the redox reaction macroscopically,
submicroscopically and symbolically. Students have difficulty translating
representational diagrams, and converting them into reaction equations. The
difficulties lead students to develop misconceptions that are based on their
intuitive reasoning, by choosing a choice of distractor answers that are
misconceptions. The choice of this answer is detected repeatedly, and tends to
come from the same understanding structure, namely the weak of students
understanding of reduction, oxidation and oxidation number concept. In turn,
all available evidence shows that the progress of the learning outcomes of the
students' in redox reactions concepts, overall tends to be low.

Combining the item development process qualitatively with Rasch analysis
models, is relatively effective to depth evaluation of the progress of student
learning outcomes, reveals students' ways of thinking that are misconceptions,
and know what students have not@inderstood. Differences in item size and
option probability curves illustrate that the prevalence of the most dominant
misconceptions is low ability students. But for certain cases, the prevalence even
increases, because the misconception factors tend to be resistant, as seen in item
9sbBe (Q2). The availability of this type of information makes it possible for
teachers to classify student understanding based on the level of misconception,
so that it is useful in developing instructional strategies. In addition, with the
option probability curve on each item, it can be identified an unusual curve,
which indicates a problem with the item.

The multiple choice distractor items in this study were developed by adapting
some of the results of previous interviews and studies, which were aligned with
the targets outcome of chemical learning in Indonesia. The hope gghat further
research can be carried out, for the development of other material. Although this
study does not answer the question of why studentsggiperience misconceptions,
it is possible for similar items to be developed to help teachers diagnose
students' ways of thinking and understanding patterns, so that chemical
learning becomes more effective and meaningful.
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