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ABSTRACT

Misconceptions can significantly hinder the learning process. To address this, various diagnostic
instruments such as two-tier (2TMC), three-tier, and four-tier multiple-choice questions have been
introduced. However, as the number of tiers increases, identifying misconceptions becomes more
complex. Therefore, this study employs the Item Option Characteristics Curve (IOCC) to identify
misconceptions by calculating the probability of each option being selected. This study is a
quantitative study with survey design to directly test student abilities. The Representational Systems
and Chemical Reactions Diagnostic Instrument (RSCRDI) was administered to 185 pre-service
teachers across three universities in Indonesia. The data was analyzed using Winstep software to
generate the I0CC for each item. The analysis revealed that each item in the phenomenon and
reasoning tiers contains distractors that could interfere with the option selected by pre-service
chemistry teachers. While the alternative answers identified using traditional methods (commonly
used since the introduction of 2TMC) were mostly similar to those identified by I0CC, the 10CC
provided more detailed insights. Specifically, it highlighted unexpected curves after 0 logits,
identified less effective distractors, and revealed inconsistencies in the most influential distractors.
These findings suggest that the IOCC provides richer, more detailed information and can be a
valuable alternative framework for analyzing 2TMC items to unfold misconceptions.
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Qudratuddarsi et al. Using Iltem Option Characteristics Curve (I0CC) to
Unfold Misconception on Chemical Reaction

1. INTRODUCTION

Misconceptions in chemistry education are a significant issue because, once formed,
they tend to be extremely persistent and difficult to correct (Qudratuddarsi et al,
2019).Misconceptions can interfere with students' learning processes, particularly when they
are attempting to comprehend scientific phenomena. Furthermore, misconceptions can
hinder students from achieving meaningful learning experiences, as the gaps in their
knowledge impede their ability to connect new information with existing knowledge (Chew
& Cerbin, 2021). The detrimental impact of misconceptions is that, even when they are
believed to have been replaced by scientific understanding, they remain encoded in neural
networks and continue to interfere with the acquisition of scientific knowledge. Using
Medialab v1.21 software to measure the speed and accuracy of respondents’ thinking, it is
found that the process of conceptual change merely suppresses misconceptions rather than
completely replacing them (Masson et al.,, 2014; Shtulman & Valcarcel, 2012).

To reveal these misconceptions is important to provide teachers with the opportunity
to tackle this issue. Interviews, essays, concept inventory and multiple-tiered multiple-choice
questions are some of the tools that teachers could use to identify students’ misconceptions
(Liampa et al, 2017; Resbiantoro et al.,, 2022). Although there are many ways of identifying
misconceptions, recent trends in literature point to the direction of multiple-choice
diagnostic instruments. To increase its power to detect misconceptions, researchers have
developed from two-tier to three and then four-tier multiple-choice questions. Adding more
tiers into multiple-choice questions tend to complicate instrument users (iLe., school
teachers or lectures) because it enhances the difficulties of using diagnostics instrument.
The complexicity tend to be impractical in daily teaching and learning practices (Ardiansah
et al,, 2018).

Diagnostics power of original multiple-choice question can be enhanced using
distractor analysis based on Rasch model as shown by (Herrmann-abell & Deboer (2016)
and Wind & Gale (2015). The basic principle of the Rasch model is to measure latent traits,
such as abilities, attitudes, or perceptions, by modeling the probability of a specific response
(e.g., a correct answer) as a function of two factors: 1) person ability: the ability of the
respondent or individual being assessed, 2) item difficulty: the difficulty of the question or
item being answered (Qudratuddarsi et al, 2022). The Rasch model has been used for
various purposes in science education, including validating instruments, analyzing students'
responses, and evaluating survey results (Chan & Subramaniam, 2020).

The Rasch model has been widely used to analyze misconceptions in science
education. Wind and Gale (2015) conducted a study focused on identifying misconceptions
related to physics concepts among eighth-grade students. Similarly, Herrmann-Abell and
DeBoer (2016) examined misconceptions about energy across a much larger sample of
approximately 20,000 students from various grade levels in the United States. To date, the
only study applying the Rasch model to the field of chemistry, to our knowledge, is Mulyani
et al. (2021), who explored misconceptions among first-year high school students in the
topic of electrolysis. These studies highlight the utility of the Rasch model in uncovering
persistent misconceptions that can hinder student understanding of key scientific concepts.
While research in physics and general science education is more abundant, further studies
in chemistry and other specific scientific disciplines are needed.
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In the current study, the analysis of misconceptions will be based on distractor
analysis, which relies on the percentages of students selecting a distractor. The method,
known as the Item Option Characteristics Curve (IOCC), was introduced by Herrmann-Abell
and DeBoer (2011) to analyze ordinary multiple-choice questions. To our knowledge, this
study is novel study in terms of the uses of two-tier multiple choice questions (2TMC) and
comparisons of two methods. The basic idea of IOCC analysis is to examine trace lines for
alternative choices (Ding & Beichner, 2009). The distractor analysis plots were developed by
plotting the proportion of students selecting answer choices A, B, C, and D for phenomenon
tier and 1, 2, 3 and 4 for reasoning tier ()-axis) across the range of student achievement
measures at each time point (x-axis). Basically, the relative popularity of each answer choice
for students (y-axis) and different levels of achievement (x-axis). In details, after Rasch
estimates of student achievement on the logit scale were obtained from the Winstep
computer program and student achievement estimates on the logit scale were rounded to
the nearest integer value (-3 to 4). Then, the frequency of students selecting each answer
choice was obtained for each value. At each point on the scale, the proportion of students
selecting each answer choice was calculated by dividing the frequency of students who
selected a given answer choice by the total number of students observed at each point on
the scale (Wind & Gale, 2015). Therefore, this study will analyze 2TMC by using I0CC to
unfold misconceptions of pre-service chemistry teachers in the topic of chemical reactions.

2. RESEARCH METHODS

This quantitative study collected data from a test designed to quantify the number of
students selecting each option in a 2TMC format (Hidayat, Idris, et al,, 2021). Before data
collection, the researcher informed the test-takers that the examination would not affect
their grades but could be used by their lecturers to enhance the learning process. A paper-
and-pencil-based test was chosen as the data collection method due to its ability to allow
observation of the testing process, its higher response rate, and its affordability for the
respondents.

1. Participants

The sample was selected using stratified random sampling. First, the population was
divided into groups based on academic year: first, second, and third year. Then, 65% of
students from each group were randomly chosen using SPSS 25. The final sample consisted
of 185 pre-service teachers (19 males, 166 females) aged 18-21 years. These students were
from three different universities: University A (61.62%), University B (27.56%), and University
C (10.81%). They were distributed across three academic years: first year (40.19%), second
year (32.06%), and third year (27.75%).

2. Instruments

The instrument namely representational systems and chemical reactions diagnostic
instrument (RSCRDI) was adapted from (Chandrasegaran, Treagust, & Mocerino, 2007) and
the whole instrument was available at (Chandrasegaran, Treagust, & Mocerino, 2011). The
topic is chemical reactions which emphasized on involving multiple representations. It was
selected because of the opportunity of analyzing the aspect of distractor driven
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misconception in the options of phenomenon tier and reasoning tier. The instrument was
then translated to avoid error in testing because of misinterpretation of questions from
respondents and the efficient time of administration because of the reduction of required
time for students to interpret the question (Wild et al,, 2009). Method of RSCRDI translation
was back-translation with the following procedures: 1) The instrument was first translated
from English as its original language to Indonesian language by its researchers and reviewed
by some graduate chemistry students who study at Thailand, Japan, and Australia 2) The raw
translation document was sent to two experts in Chemistry who are good at Indonesian
language and English. 3)The third step was back translation of Indonesian language version
of the instrument to English language by a chemistry lecture. 4) The result of back translation
and the first draft is reviewed to measure the correctness of the translation. Since their result
has the same meaning, there is no revision made and the draft is used for pilot study.

Since 2TMC was a test instrument, the face and content validity were estimated.
Content validity was based on the expert judgment, while face validity required the
respondent to make such judgment about the validity of the instrument (Delgado-Rico et
al,, 2012; Shultz et al., 2014). To measure the content validity of the instrument, the draft of
the translated version is reviewed by three chemistry lecturers in Chemistry (regarded as
subject matters expert (SME) (Shultz et al,, 2014). They have to evaluate the appropriateness
of the instrument to measure misconception concerning chemical reaction that involved
multiple representations (Raykov & Marcoulides, 2011). Generally, all panels agreed that all
questions are appropriate to measure chemical reactions using multiple representations and
its distractors look well-functioned and tend to distract students well.

The next measure was construct validity and reliability by analyzing data of pilot study
(Fraenkel, Wallen, & Hyun, 2012). The purpose of this pilot study was to estimate
administration time, the reliability, and goodness of model fit of translated instrument. The
sample of the pilot test aged 18-20 years old from student at university A as in the real study.
They are 69 students (10 males, 59 females) in their first year (39%), second-year (30.5%) and
third-year (30.5%) of their study. From this step, the administration time is 45 minutes after
the observation of pilot study administration time. In estimate construct validation using the
Rasch model to find reliability, separation and psychometric properties. The rule of scoring
system as follows:

Table 1. Rubrics of scoring

Phenomenon Reasoning Score
Pattern of answer Incorrect Incorrect 0
Pattern of answer Correct Incorrect 1
Pattern of answer Incorrect Correct 1
Pattern of answer Correct Correct 2

(References: (Fulmer, Chu, Treagust, & Neumann, 2015; Park & Liu, 2019; Sadhu & Laksono, 2018;
Xiao, Han, Koenig, Xiong, & Bao, 2018)

As the proof of construct validation, analysis of items in the current study utilized
Rasch model. There are some fit statistics to measure such as mean square (MNSQ), tolerated
Z-Standard (ZSTD) and Correlation Points (Pt Mea Corr). This study found that all items
follow the criteria of the criteria: (a) the value of accepted infit and outfit mean square
(MNSQ): 0.5 <MNSQ <1.5 (b) the value of tolerated infit and outfit Z-Standard (ZSTD): -2.0
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<ZSTD <+2.0 (c) the value of accepted Correlation Points (Pt Mea Corr): 0.4 <Pt Mea Corr
<0.85 (Boone, Staver, & Yale, 2014).

The next measure is reliability, the degree to which an instrument consistently give a
similar result among numerous administration (Qudratuddarsi et al, 2022) According to
(Hidayat, Qudratuddarsi, et al, 2021), person reliability elicits the stability of student
responses in each instrument, while item reliability elicits the stability of item score. In the
current study, it is found that person reliability below expected score. In the area of
diagnostics instrument, some studies (e.g., (Caleon & Subramaniam, 2010; Hoe &
Subramaniam, 2016; Sreenivasulu & Subramaniam, 2013, 2014; Yan & Subramaniam, 2018)
which published their works on some good articles also find unsatisfactory result for
reliability with reliability lower than 0.5 (minimum value is 0.15). The next value to consider
is separation. Based on Sumintono and Widhiarso (2015), one equation to estimate from
item separation is H (separation) = {(4 x separation) + 1}/3 = 2.733, or 3. It means that the
items can differentiate the ability of respondents into high, moderate and low.

Table 2. Reliability and separation of the instrument

Item Person
Reliability 0.76 0.60
Item Reliability 1.80 1.23
Cronbach's Alpha 0.65

3. Data Analysis

Analysis of data for this study was based on two methods namely traditional method
and using item option characteristics curve (IOCC). In this paper, 2TMC has two tiers, where
tier 1 or phenomenon tier will be written as Phen-1 till Phen-15, while tier 2 or reasoning
tier will be written Rea-1 to Rea-15. In the traditional method, the analysis was similar to
many previous studies using RSCRDI such as (Chandrasegaran et al, 2009, 2011). For
misconception type-1, the answer on phenomenon tier was firstly determined, and if it was
correct, then continued to see the alternative answer at reasoning tier. In simple manner,
this analysis can be said as “correct at phenomenon tier only, while reasoning tier was
incorrect”. For instance, in item 1, there were 99 participants (53.51%) answer correctly, and
71.71% of them chose incorrect reasoning tier or categorized as misconception type-1. From
the findings, it was clear that the alternative answer for reasoning tier was option 3 (selected
by 36 participants). From the data, we can explain the misconceptions of pre-service
chemistry teachers. This analysis was also conducted for misconception type-2 with the same
methods as misconception type-1. Misconception type-2 is correct at reasoning tier,
incorrect at phenomenon tier. This method has been applied since the introduction of the
instrument by (Fetherstonhaugh & Treagust, 1992).

Another analysis is to reveal misconception by using IOCC based on guidelines from
(Herrmann-Abell & DeBoer, 2011) which started by conducting ANOVA using SPSS version
25 and then followed by Winstep 3.73 to draw IOCC. Firstly, we conducted one-way ANOVA
to ascertain there was a difference of ability in phenomenon and reasoning tier between
first year, second year and third year of pre-service chemistry teachers. Before conducting
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this analysis, raw data (ordinal scale) were firstly transformed into log odd unit or logit
(interval scale) employing Winstep version 3.7.3. After considering assumptions test namely
normality, homogeneity, one-way ANOVA was conducted. An analysis of variance showed
that there is a difference of student achievement in phenomenon tier among the first year,
second year and third-year students, F(2,182)=70.624, p = 0.000. The analysis showed that
there is a difference of student achievement in phenomenon tier among the first year,
second year and third-year students, F(2,182)=27.897, p = 0.000, and there is a difference of
student achievement in phenomenon tier among the first year, second year and third-year
students, F(2,182)=27.897, p = 0.000.

Option Probability

f
N

B

et - . = +

Measure relative to item difficulty

Figure 1. I0CC item Phen-1

To create IOCC, firstly respondents’ answers were coded A, B, C, and D (phenomenon
tier) and 1, 2, 3 and 4 (reasoning tier) for each item. Winstep version 3.7.3 was employed for
the analysis to figure out the probability of each distractor to be chosen over time. The figure
of the item options characteristic curve (IOCC) was analyzed for each item to determine
which concept of students holding misconception. To analyze alternative answer based on
the figure, the distractor which was consistently had a high probability for being selected
along the curve was considered as alternative answer. For instance, the figure below is the
IOCC of item phenl. From the figure, option C is the correct answer, while the distractors
are option A and B. Looking the line of both distractors, the probability of selecting option
A was higher compared to option B, and it is considered as alternative answer.

4. RESULTS AND DISCUSSION

Findings of analysing alternative answer based on the traditional method and IOCC
are depicted in Table 3. It is interesting to note that some items in misconception type-2,
we cannot decide the alternative answer for item Phen-11, Phen-12, Phen-14, Phen-15 due
to the similar number of students who chosen the answers. However, by analyzing its curve
along I0CC graph, we can find one stronger distractor. It means that IOCC analysis can
inform more detailed analysis by providing student’s performance along I0CC graphs.
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Table 3. Alternative Answer

ltem  Misconception type-1 (correct phenomenon, Misconception type-2 (correct reasoning,
incorrect reasoning) incorrect phenomenon)
Traditional method I0CC Traditional method I0CC
1 3 3 A A
2 1 1 A A
3 3 3 C C
4 2 2 B B
5 2 2 C C
6 3 3 B B
7 3 3 B B
8 2 2 C C
9 1 1 B B
10 2 2 C C
11 2 2 B/C B
12 3 3 B/C C
13 3 3 B B
14 3 3 A/B A
15 2 2 A/B A

Some other vital information, as the strengths of the analysis, after carefully observing
IOCC of each item can be revealed. Some striking points from the IOCC analysis comprising
the curve for 2-options (question Phen-2, Phen-9, and Phen-13), unexpected curve after 0
logits (Phen-4, Phen-6, Phen-15, Rea-1), the inconsistency of strongest distractor (Phen-8)
and unworking distractor (Phen-3 and Rea-4).

Unexpected curve after 0 logits.

From this study, some unexpected curves were observed in item Phen-4, item Phen-
6, item Phen-15 for phenomenon tier and item Rea-1 for reasoning tier. The similarity of the
unexpected curve was the direct drop of correct answer probability in high logit measure
(high achievers) of pre-service teachers and accompanied by the high rise of a distractor to
be selected. This unexpected curve was considered as problem because it does not fulfil the
criteria of good answer choices as shown in the example of Figure 4.3.

In item Phen-4, the question of the produced gas in the reaction between dilute
hydrochloric acid and grey iron powder, the probability of selecting correct answer and
distractors are comparable before logit 0 and respondents with logit around -0.3 to 1.5 can
differentiate them precisely as seen in Figure 4.3. Carefully looking to the answer choice, the
only difference for the reason of produced gas is kind of metals “all metals (distractor) and
reactive metals (correct answer)”. Possibly due to the less carefully of respondents,
unexpected curve after logit 1.5 was witnessed.
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Option Probability
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Figure 2. IOCC item Phen-4

The inconsistency of the strongest distractor

In the current study, the popularity of distractor to be selected in relation to the
correct answer sometimes inconsistent along the graph. For instance, item Phen-15 as in the
figure, option A has higher probability before logit 0.2, after the point option B started to
precede option A. It implies that option B is more popular for high score pre-service teachers
compared to option A. Before logit 0.25, the stronger distractor was the ionic precipitation
which possibly due to macroscopic observation. After logit 0.25, the stronger distractor is
oxidation of copper, meaning that the compound lost its electron in the reaction process.
The last item in phenomenon tier was P15, inquiring the formation of the reddish-brown
deposit in the mixing between powdered zinc and blue aqueous copper (Il) sulfate. From
the Figure 4.5, a sharp plummet of right answer (option C) in the logit measure around 1.6
was observed, followed by the dramatic increase of distractors (option A & option B).
Possibly, option A looks more scientific because they consider copper oxidation which refers
to the loss of electrons.

Option Probability

\ A
BA

-

2 2 10 g s 2 2
Measure relative to item difficulty

Figure 3. IOCC item Phen-15 (Phenomenon tier)
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Less-functioned distractor

According to the IOCC analysis, there were two distractors can be identified as less-
functioned distractor namely option A item Phen-3 and option 1 item Rea-4. In the figure,
as an instance for item R4, the question about the reason for the forming of hydrogen gas
in the reaction between dilute hydrochloric acid and some grey iron powder. Option 1 “iron
ions are more reactive than hydrogen ions” was not popular with probability below 0.1 along
the graph and it did not being chosen by any pre-service chemistry teachers with logit
measure more than 0. The possible reason is the similarity of the distractor with correct
answer. If the correct answer mentions iron is more reactive, the distractor mention iron ions.
However, the correct answer also having more explanations which possibly strengthen
respondents to choose. Compared to other option, the option is the shortest one, without
any reasoning or additional information which tend to less distract respondents.
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Figure 4. 10CC item Phen-15

From the result of analysis IOCC, it can be said that the correct option is the most
popular option to select by students especially students with more than -1.00 logit. This
result confirms the finding from (Wind & Gale, 2015) and indicating that the item functioned
well to measure student abilities to explain and describe chemical reaction using multiple
representations. This analysis also implies that the students with logit measure lower than -
1.00 tend to choose distractor and if they can answer correctly, there is a possibility that they
answer theoretically by guessing. This study can be considered as the extension of using
IOCC in the diagnostics test. In the study from (Herrmann-Abell & DeBoer, 2011b;
Herrmann-abell & Deboer, 2016), IOCC was used only to detect misconception. This
application is further utilized by (Wind & Gale, 2015) to analyze data of difference of ability
in pre-test and post-test. To continue, this framework is used to analyze distractors to show
student conception.

Advantages of using Item Option Characteristics Curve

Utilizing 10CC to analyze two-tier multiple-choice questions have some advantages
compared to traditional method. The first one is traditional analysis can only show the

113 Journal Tropical Chemistry Research and Education 6, 2 (2024): 105-118



Qudratuddarsi et al. Using Iltem Option Characteristics Curve (I0CC) to
Unfold Misconception on Chemical Reaction

percentages of students having problems, but it does not tell the progression along with
the rise of ability. For instance, in item P1, the number of students selecting option A, B, C
were 23, 6 and 28 respondents respectively. When we use IOCC, Figure 5.1 illustrated that
option C indicated a strong misconception especially for students with ability lower than
logit -0.5, while option B only can distract students with ability lower than -1.5. However,
above logit of 1.00, option B and C have the same probability to be selected by the students.
By having this information, the result of the analysis will be more meaningful because we
can detect more details of the student’s difficulties. The next advantage of IOCC is the
appearance of data looks more attractive compared to traditional analysis. As a result, when
the data need to be presented, data analysis using IOCC will get more attention because of
its better visualization.

{»|

Option Probability

7

N\
\

0 0s

Measure relative to item difficulty

Figure Error! No text of specified style in document.. IOCC item Phen-1

The next advantage of using IOCC is in the determination of alternative answer, there
were some items based on traditional method could not be decided one alternative answer.
These were the alternative answer for item Rea-7, item Phen-11, item Phen-12, item Phen-
14, and item Phen-15 because there were a fair number of selected two different options.
For this difficulty, IOCC could decide which option could be stronger alternative answer. For
instance, item Phen-15 with option A and option B. Based on IOCC at Figure, it was clear
that the alternative answer was option A which has higher probability along the graph
compared to option B. The same case was evident in some items such as item Phen-11,
Phen-12, Phen-14 and Rea-7 in which traditional method get difficulties to measure one
alternative answer, while IOCC can straight to choose single alternative answer for all the
items.

The findings of these studies demonstrate that the Item-Objective Congruence
Coefficient (IOCC) can be effectively used to analyze student misconceptions, as shown by
previous research, including the studies by Wind and Gale (2015), Herrmann-Abell and
DeBoer (2016), and Mulyani et al. (2021). These studies highlight the advantages of I0CC,
particularly in comparison to traditional methods, when assessing students' understanding

114 Journal Tropical Chemistry Research and Education 6, 2 (2024): 105-118



Qudratuddarsi et al. Using Iltem Option Characteristics Curve (I0CC) to
Unfold Misconception on Chemical Reaction

of scientific concepts. The IOCC provides a more nuanced and powerful analytical tool for
identifying gaps in students' knowledge, making it easier for educators to pinpoint specific
areas of misconception. The effectiveness of this approach is theoretically underpinned by
Item Response Theory (IRT), which enhances the accuracy and reliability of the analysis by
considering the interaction between students' abilities and item difficulties. This
combination makes IOCC a valuable method for improving the assessment of student
understanding in various educational settings.

5. CONCLUSION

From this study which used traditional method and IOCC, it was found that each item
in either phenomenon tier or reasoning tier had a distractor that could interfere with the
selected option of pre-service chemistry teachers and the phenomenon indicated
misconceptions. It showed that under ability equal to logit zero, respondents had high
potency to be deflected by a distractor which revealed misconceptions. Distractor analysis
by item option characteristics curve (I0O0OC) also revealed some unexpected curves after 0
logits, less-functioned distractors, and the inconsistency of the strongest distractor. The
finding of this suggested the use of IOCC to analyse student’s abilities. This study can be a
new framework of analysing science test instruments.
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