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Introduction

Chemistry learning is not only intended to transfer knowledge and
skills but also to build higher-order thinking skills (analytical, creative, critical,
synthetic, and innovative) in students. Developing thisability requires correct
conceptual mastery of chemistry so that students can use their knowledge
to solve problems. Unfortunately, students often experience obstacles in
developing these abilities, which tend to be caused by the learning difficul-
ties they experience. Many factors can cause the cause of this difficulty; one
of which potentially hinders the conceptual development of studentsis the
difficulty of conceptual reasoning and misconceptions.

Difficulties in concept reasoning are often indicated as one of learning
barriers that students find in solving problems due to their lack in utilizing
conceptual understanding in an accurate and scientific fashion (Gabel, 1999;
Gette et al,, 2018). Experts argue that all students - in all educational level
—oftentimes do not understand; or only few who understand; or find difficul-
ties in elaborating the linkages between concepts (Johnstone, 1991; Taber,
2019), as well as difficulties in explaining social-scientific problems with the
knowledge in@mistry that they have learned in school (Bruder & Prescott,
2013;Kinslowetal., 2018; Owens et al., 2019). These types of difficulties com-
monly take place due to the students’ conceptual understanding that they
form according to their own thought process (Ausubel et al., 1978; Yildirir &
Demirkol, 2018). This refers to the understanding that is formed based on
the sensory impressions, cultural environment, peers, learning media, and
learning process in class (Chandrasegaran et al, 2008; Lu & Bi, 2016), that
contains misconception (Johnstone, 2006, 2010; Taber, 2002, 2009), and
is divergent fro entific concepts (Alamina & Etokeren, 2018; Bradley &
Mosimege, 1998; Damanhuri etal., 2016; Orwatetal., 2017; Yasaretal., 2014).
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Abstract. This study evaluates the
difficulties in concept reasoning,

changes in response patterns, and item
misconception hydrolysis patterns using
Rasch modeling. Data were collected
through the development of 30 distractor-
based diagnostic testitems, measuring ten
levels of conceptual reasoning ability in
three types of salt hydrolysis compounds:
Na 5P3 0].0’ NaOCland (.J\"H_;.):SO,,
These 30 written test items were completed
by 849 students in Gorontal
The findings show empirical evidence of the
reliability and validity of the measurement.
Further analysis found that the students’
reasoning difficulty levels of the concept of
saline solutions were varied; the calculation
of saline solution’s pH level is the most
difficult construct to reason. In particular
items, changes in response pattems were
found; the misconception curve showed
adeclining trend and disappeared along
with the increase of comprehension

along the spectrum of students’ abilities.
The item misconceptions pattern was
found repeatedly in similar items. This
finding strengthens the conclusion that
resistant misconceptions potentially tend
to cause students’ conceptual reasoning
difficulties and are difficult to diagnose in
conventional ways. This study contributes
to developing ways of diagnosing resistant
misconceptions and being a reference for
teachers and researchers in evaluating
students’ chemical conceptual reasoning
difficulties based on Rasch modeling.

onesia.
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Misconceptions that are resistant (Hoe &Subramaniam, 2016) tend to hinder the correct process of conceptual
reasoning (Soeharto & Csapo, 2021), as students will find difficulties in receiving and/or even rejecting new insights
when they are inconsistent and contrary to their own understanding (Allen, 2014; Damanhuri et al, 2016; Jonassen,
2010;Soeharto et al., 2019). These types of misconceptions come in various forms (Aktan, 2013; Orwatetal, 2017).
Therefore, itis crucial to understand how these misconceptions occur inthe process of concept reasoning in order
to formulate properstrategies to develop students’understanding that is accurate and scientific (Chandrasegaran
et al., 2008; Kolomug ik, 2012; Sunyono et al., 2016).

Salt hydrolysis is one of the concepts in chemistry that students often find it difficult to understand (Da-
manhuri et al,, 2016; Orwat et al., 2017; Tiimay, 2016). This issue has been explored by numerous research, and
they commonly agree that misconception is one of the contributing factors. Misconceptions in salt hydrolysis
are often caused by the difficulties in reasoning the submicroscopic dynamic interaction of buffer tion due
to the students'lack of competence in explaining the acid-base concept and chemical equilibrium (Demircioglu
et al., 2005; Orgill & Sutherland, 2008; Orwat et al., 2017); error in interpreting the concept of acid-base strength
(Timay, 2016); difficulty in understanding the definition of salt hydrolysis and characteristics of salt (Sesen &
Tarh 011); and difficulty inreasoning the concept of formulation and capacity of buffer solution (Maratusho-
lihah et al, 2017; Sesen & Tarhan, 2011; Tarhan & Acar-Sesen, 2013). The various studies above can conclude the
types of concepts that are misunderstood by students, however, generally there are no studies that are able
to explain the relationship between these misconceptions and how these misconception patterns are under-
stood at the item level and individual students. This information is crucial for teachers in making subsequent
instructional decisions.

Studies on misconceptions commonly use raw scores as the reference. However, raw scores do not refer to
final version of data. Therefore, they lack in-depth information to be used as reference in formulating conclusions
(He et al,, 2016; Sumintono & Widhiarso, 2015). Hence, research studies that use raw scores as reference to obtain
conclusion are rather limited in presenting relevant information regarding reasoning difficulties and misconcep-
tion characteristics of items and students. Psychometrically, this approach tends to have limitations in measuring
accurately (Pentecost and Barbera, 2013), due to the difference of scales in the measurement characteristics (Linn
& Slinde, 1977). To solve the limitation of conventional psychometric analysis method (Linacre, 2020; Perera et
al, 2018; Sumintono, 2018), an approach of Rasch model analysis was applied. This analysis adopts an individual-
centered statistical ap ch that employs probabilistic measurement that goes beyond raw score measurement
(Boone & Staver, 2020; Liu, 2012; Wei et al., 2012).

Research studies on misconceptions in chemistry that use Rasch modelling were focusing on diagnosing
the changes in students’ understanding and learning progress (Hadenfeldt et al., 2013), measuring the content
knowledge by pedagogical content knowledge (Davidowitz and Potgieter, 2016), measuring conceptual changes
in hydrolysis (Laliyo et al., 2022), measuring scientific investigation competence (Arnold et al, 2018), investigating
the item difficulty (Barbera, 2013) and (Park & Liu, 2019), and identifying misconceptions in electrolytes and non-
electrolytes (Lu and Bi, 2016). In particular, research studies on misconceptions in chemistry by (Herrmann-Abell
&DeBoer, 2016; Herrmann-Abell & DeBoer, 2011) were able to diagnose the misconception structures and detect
problems on the items. Grounding from this, a study by Laliyo et al. (2020) was able to diagnose resistant mis-
conceptions in concept of matter state change. In spite of this, research studies on misconceptions that evaluate
reasoning difficulties and misconceptions are still relatively limited.

Concept reasoning difficulties and misconceptions often attach to a particular context, and thus are insepa-
rable from the said context in which the content is understood (Davidowitz & Potgieter, 2016; Park & Liu, 2019).
Students might be capable of developing an understanding that is different to the context if it involves a ground
and scientific concept. However, misconceptions tend to be more sensitive and attached to the context (Nehm &
Ha, 2011). The term'context’in this study refers to a scientific content or topic (Cobb & Bowers, 1999; Grossman &
Stodolsky, 1995; Park & Liu, 2019). The incorporation of context in research on misconceptions that apply Rasch
model analysis opens up a challenging research area to be explored. This study intended to fill the literature gap
by emphasizing the strength and the weakness of Rasch model in evaluating conceptual reasoning and estimating
resistant item misconception patterns.

The reasoning difficulties of the concept of salt hydrolysis: Na. P, 0, NaOCl,and (NH,), 50, are analyzed
by distractor-type multiple choices test. Each item contains one correct answer choice and three answer choices
designed on adistractor basis. The answer choices of this distractor are answer choices that are generally understood
by students but contain misconceptions.The design of this misconception test instrument is adapted from research
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reported by Timay (2016) regarding misconceptions in acid-base reaction, Secken (2010) on misconceptions in
salgihydrolysis, Damanhuri et al. (2016) regarding acid-base strength, and Orwat et al. (2017) on misconceptions
in dissolving process and reaction of ionic compounds with water and chemical equations. According to Sadler
(1999) and Herrmann-Abell and DeBoer (2011), distractor answer choices can minimize students giving answers
by guessing; therefore, it increases the diagnostic power of the item. The distractor answer choice allows students
to choose an answer according to their logical understanding of what they understan

The problems on these items are detected by option probability curve, in which the item difficulty level is
determined based on the size of item logit (Boone & Staver, 2020; Laliyo et al., 2022; Linacre, 2020). By dichoto-
mous score, the curve that is appropriate with the probability of correct answer choice usually increases monoto-
nously along with the increase in students’ understanding; while the curve for the distractor sequence tends to
decline monotonously as the students’ understanding increases (Haladyna, 2004; Haladyna & Rodriguez, 2013;
Herrmann-Abell & DeBoer, 2016). ltems influenced by distractors will usually generate a curve that deviates from
the monotonous behavior of traditional items (Herrmann-Abell & DeBoer, 2016; Herrmann-Abell & DeBoer, 2011;
Sadler, 1998; Wind & Gale, 2015).

Problem Statement

Considering the previous explanation, this study was intended to answer the following questions. First, how
is the validity and reliability of the measurement instrument employed in this study? This question is intended to
explain the effectiveness of the measurement instrum nd how valid the resulting data is, including explaining
whether the measurement data is in accordance with the Rasch model. The test parameters used are the validity
of the test constructs, summary of fit statistics, item fit analysis, and Wright maps.

Second, how does the item reasoning difficulties of salt hydrolysis of Nag P30, g Nag P30,y and NaOCl
NaOCl differ from each other? This question is to explain how the reasoning difficulties of students in different
classes differ. Are there items that are responded to differently by the class of students seen from the same con-
struct level? In addition, from the point of view of differences in item difficulty, it can be identified in strata, which
construct the level of conceptual reasoning, which tends to be the most difficult for students to reason.

Third, based on changes in the misconception answer choice curve on an item, can it be diagnosed that the
response pattemn of students’ items shows resistant misconceptions? This question is to detect a hierarchy of mis-
conception answer choice curves on an item, which decreases as understanding increases along the spectrum of
students’abilities. This hierarchy indicates that there is a dominant problem or difficulty experienced by students
on the item in question; this can be proven by the response pattern of misconceptions on certain items, which
are repeated on other similar items at the same construct level. If three similar items are found showing the same
pattern of response choices for misconceptions, then this shows that there is a tendency for students'misconcep-
tions to be resistant in the construct in question.

@mr:h Methodology
Research Design

The study employed a non-experimental descriptive-quantitative approach, in which the measured variable
was students’reasoning ability of concept of hydrolysis. The measured variable involved ten levels of constructs,
where each construct has three typical items from different contexts of reasoning tasks. The measurement result
was in the form of numbers, while each right answer on an item was given a score. The numbers represent the
abstract concepts that are measured empirically (Chan et al, 2021; Neuman, 2014). No interventions in any way
were made inthelearning process and learmning materials. In other words, no treatmentswere applied to students
to ensure that they can answer all question items in the measurement instruments correctly. The scope of the
construct comprised properties of salt-forming compounds, properties of salts in water, properties of salts based
on their constituent compounds, types of salt hydrolysis reactions, calculation of pH, types of compounds form-
ing buffer solutions, and properties of buffer solutions based on their constituent compounds. The research was
conducted for six months, from January to June 2022. The research permit for this study was obtained from the
government, the school administration staff, and the university board of leaders.
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Respondents

A total of 849 respondents were involved in this study. The respondents were 537 upper-secondary school
students (A), 165 university students majoring Chemistry Education (B), and 147 Chemistry students (C). The
reason for selecting respondents in strata was to estimate that the difficulty of reasoning on certain items may
be experienced by respondents at all grade levels. The A group (16-17 age range) was selected from six leading
schools in Gorontalo by random sampling technigue. This technique allows the researchers to obtain the most
representative sample from the entire population in focus. In Gorontalo, there were 62 public upper-secondary
schools spread over six districts/cities. Each area was randomly assigned to one school,and the sample was randomly
selected from every eleventh grade in those schools (Neuman, 2014). M hile, students B and C (aged 19-21
years) were randomly selected from a population of 1200 students from %aculty of Mathematics and Natural
sciences, from one of the universities in Gorontalo, Indonesia. Prior to conducting this study, the respondentsin
Agroup were confirmed to have leamed formally about acid-base, properties of hydrolyzed salts, hydrolysis reac-
tions, pH calculations, and buffer solution reactions. For the B and C group, these concepts were re-learned in the
Basic Chemistry and Physical Chemistry courses. With regard toresearch principles and ethics as stipulated by the
Institutional Review Board (IRB), students who are voluntarily involved in this research were asked for their consent,
and they were notified that their identities are kept confidential, and the information obtained is only intended
for scientific development (Taber, 2014).

Development of Instruments

The r rch instrument involved 30 items that measure the s nts' reasoning ability on the concept of
hydrolysisﬁin strument was in the form of multiple-choice test that was adapted from the previous study (Laliyo
et al, 2022; Suteno et al., 2021), and developed by referring to the recommendations from Wilson (2005). Table 1
shows the conceptual map of reasoning of salt hydrolysis thatinvolvesten levels of constructs. A difference in level
of reasoning construct represents the qualitative improvement of the measured construct (Wilson, 2009, 2012).
These ?struct levels refer to the Curriculum Standard of Chemistry Subject in the Eleventh Grade in Indonesia,
as per the Regulation of Ministry of Education and Culture of Republic of Indonesia No. 37/2018. Each level of
constructhas three typical items, for example, 1/ltem1A, 6/ltem 1B, and 11/ltem1C. These items measure the level
1 construct, i.e., determining the characteristics of forming compounds of Na  P;0,,, NaOCl,and (NH,).50..
These three items are different from each other from the context of reasoning task of hydrolysis solution.

Table1
Conceptual Map of Reasoning of Salt Hydrolysis

Serial Number/ltem/Context

. Reasoning Task
Concept Reasoning Level

A B C

Level 1. Determining the properties of forming compounds of salt 1ltem1A 6/llem1B 11/ltem1C

Level 2. Explaining the properties of compounds that are completely and partially ionized in 16/tem2A 21/ltem2B 26/ltemaC

salt solutions

Level 3. Determining the properties of salt in water 2/ltem3A [Ttem3B 12/ltem3C
Level 4. Explaining the properties of salt based on the forming compounds 17/temd A 22/ltem4B 27/tem4C
Level 5. Determining types of hydrolysis reaction of salt 3ltemS5A 8/ltlem5B 13/ltem5C
Level 6. Explaining result of salt hydrolysis reaction 18/ltemBA 23/ltem6B 28/ltem6C
Level 7. Calculating pH level of salt solution 4fltemTA 9/llem7B 14/ltem7C
Level B. Explaining pH calculation result of salt solution 19/ltemBA 24/ ltemBB 29/ltemBC
Level 9. Determine types of forming compounds of buffer solution 5/ltem9A 10/ltem9B 15/ltemdC
Level 10. Explaining the properties of buffer solution based on the forming compounds 20/Item10A 25/ltlem10B 30ltem10C

Description: A= Na P30, , saltsolution, B= NaOC! salt solution, C= (NH.),S0, salt solution
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Each item was designed with four answer choices, with one correct answer and three distractor answers.
The distractor functions to prevent students from guessing the correct answer choice, as is often the case with
traditional items, by providing answer choices that are considered reasonable, particularly for students who hold
firmly to their misconceptions rmann-Abell & DeBoer, 2016; Herrmann-Abell & DeBoer, 2011; Naah & Sanger,
2012; Sadler, 1998). A score of 1 is given for the correct answer, while 0 is given for the incorrect answers. The
probability of guessing each correct answer choice is relatively small, only 0.20 (Lu and Bi, 2016). Students will
only choose an answer that is according to their comprehension. If the distractor answer choices on each item
work well, the correct answer choices on each item should not be easy to guess (Herrmann-Abell & DeBoer, 2016;
Herrmann-Abell & DeBoer, 2011).

The congruence of the correlation between constructs and items, or the suitability of answer choices with
the level of the item’s reasoning construct, or congruence of content with the constructs measured by (Wilson,
2005, 2008) were confirmed through the validation of three independent experts, i.e., one professor in chemistry
education and two doctors in chemistry. The three expert validators agreed to determine Fleiss measure, K= .97,
p < .0001, or that the item validity arrived at good'category (Landis & Koch, 1977).

Data Collection

The data collection was conducted face-to-face, at school supervised by classroom teachers and on campus
supervised byresearchers. uh respondent was asked to give written response through the answer sheet provided.
All students were asked to work on all items according to the allotted time (45 minutes). Instrument manuscripts
were collected right after the respondents finished giving responses, and the number of instruments was co
firmed to be equal to the number of participating students. The data obtained in the previous process were still in
the form of ordinal data. The data were then converted into intervaflata that have the same logit scale using the
WINSTERS software version 4.5.5 (Bond & Fox, 2015; Linacre, 2020). The result is a data calibration of the students’
ability and the level of difficulty ofitems in the same interval size.

Conducting Rasch Analysis

The Rasch model analysis is able to estimate students’ abilities and stages of development in each
item (Masters, 1982). This allows the researchers to combine different responses opportunities for dif-
ferent items (Bond & Fox, 2007). It combines algorithm of probabilistic expectation result of item ‘i’ and
student 'n’ as: Pni (XniggLl/(fn.6i)= (e ((fn—46.0)))/(L+ (fn—3d_i))). The statement
P_ni (Xni = 1/(fn, di )) is the probability of student n in the item i to generate a correct answer (x = 1); with
the students’ ability, Bn, and item difficulty level of 01 (Bond & Fox, 2015; Boone & Staver, 2020). If the algorithm
functionis appliedinto the previous equation, itwillbelog (Pni (Xni = 1/(fn,6i )) = fn— &i, ;thus,theprob-
abilityfo rrect answer equals to the students'ability minus item difficulty level (Sumintono &Widhiarso, 2015).

The measures of students’ability (person) ,311 and the item difficulty | 01 are stated on a similar interval
and are independent to each other, which are measured in analgorithm unii!lled odds or logthat can vary from
-00 to +00 (Herrmann-Abell & DeBoer, 2011; Sum no & Widhiarso, 2015). The use of logit scale in Rasch model
is the standard interval scale that shows the size of person and item.Boone etal. (2014) argue that ordinal data
cannot be assumed as linear data, therefore cannot be treated as a measurement scale for parametric statistic.
The ordinal data are still raw and do not resent the measurement result data (Sumintono, 2018). The size of
data (logit) in Rasch model is linear, thus, can be used for parametric statistical test with better congruence level
compared to the assumption of statistical test that refers to raw score (Park & Liu, 2019).

Research Results
@idi ty and Reliability of the Instruments
The first step is sure the validity of test constructs by measuring the fit validity (Banghaei, 2008; Chan et
al, 2021).This serves to determine thePnt to which the item fits to the model, and because it is in accordage
0

with the concept of singular attribute one et al. 14; Boone & Noltemeyer, 2017; Boone & Staver, 2020). The
mean square residual (MNSQ) shows the extent of impact of any misfit with two forms of Outfit MNSQ and Infit
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MNSQ. Outfit is the chi-square that is sensitive to the outlier. tems with outliers are often guess answers that
happen to be correct chosen by low-ability students, and/or wrong answers due to carelessness for high-ability
students. The me ox of Infitis influenced by the response pattern with focus on the responses that approach
the item difficulty or the students’ability. The expected value of MNSQ is 1.0, while the value of PTMEA Corr. is the
correlation between item scores and person measures. This value is positive and does not approach zero (Bond &
Fox, 2015; Boone & Staver, 2020; Lu & Bi, 2016).

Table 2 indi that the average Qutfit MN5Q of test item is 1.0 logit; this is in accordance with the ideal score
range between 0.5-1.5 (Bo t al,, 2014). This means that the item is categorized as productive for measurement
and has a logical prediction. The reliability value of the Cronbach’s Alpha (KR-20) raw score test is 0.81 logit, indicating
the interaction bet 849 students and the 30 KPIH test items is categorized as good. In other words, the instru-
ment has excellent psychometric internal consistency and is considered a reliable instrument (Adams & Wieman,

1; Boone & Staver, 2020; Sumintono & Widhiarso, 2015). The results of the unidimensionality measurement using
incipal Component Analysis (PCA) of the residuals show that the raw datavariance at 23.5 eeting the minimum
requirements of 20% (Boone & Staver, 2020; Sumintono & Widhiarso, 2014). This means that the instrument can
measure the ability of students in reasoning hydrolysis items very well (Chan et al,, 2021; Fisher, 2007; Linacre, 2020).

Tobie2

Summary ofFit Statistics

Student (N=849) Item (N=30)

Measures (logit)
b -20 00

SE (standard emor) 03 A4

SD (standard deviation) 099 0.75
Outfit mean square

X 1.00 1.00

SD 0.01 0.02
Separation 197 9.15
Reliability 80 59
Cronbach's Alpha (KR-20) 81

The results oftestingﬁquality of the item response pattern as well asﬂ interaction between personand
item show a high score of the separation item index (9.15 logit) and hi?em reliability index (.99 logit); this is
the evidence of the level of students’ reasoning abilities and supports the construct validity of the instrument
(Boone & Staver, 2020; Linacre, 2020). The higher the index (separation and reliability) of the items, the stronger
the researc belief about replication of the placement of items in other students that are appropriate (Boone
et al., 2014; Boone & Staver, 2020; Linacre, 2020). The results of the measurement of the person separation index
(1.97 logit) and the person reliability index (.80 logit) indicate that there is a fairly good instrument sensitivity in
distinguishing the level of reasoning abilities of high-ability and low-ability students.The average logit of students
is -.20 logit, indicating that all students are considered to have the abilities below the average test item (.00 logit).
The deviation standard is at.99 logit, displaying a fairly wide dispersion rate of item reasoning ability of hydrolysis
in students (Boone et al., 2014; Boone & Staver, 2020; Linacre, 2020).

The second step is to ensure the item quality by statistic fit test (Boone & er, 2020; Linacre, 2020). An item
is considered as misfitif the measurement result of the item does not meet the three criteria of: Outfit mean square
residual (MNSQ): .5 < y < 1.5; Outfit standardized meansquare residual (ZSTD):-2 < Z < +2; and point measure correla-
tion (PTMEA CORE): .4 < x < 8. Outfit ZSTD value serves to determine that the item has reasonable predictability.
Meanwhile, the Pt-Measure Corr value is intended to check whether all items function as expected. If a positive
valueis obtained, the item is considered acceptable; however, if a negative value ained, then the item is con-
sidered not functioning properly, or contains misconceptions (Bond & Fox, 2015; Boone et al.g3014; Sumintono &
Widhiarso, 2015). Table 3 indicates that all items are in the Outfit MNSQ range, while 18 items are not in the OQutfit
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ZSTDrange, 13 items are not in the Pt-Measure Corr range, and there is no negative value for the aMeasure
Corr criteria. There is no singleitem that does not meet all three criteria, so all items are retained. If only one ortwo
criteria are not met, the item can still be used for measurement purposes.

Table3
Item Fit Analysis
ltem Measure Infit MNSQ Outfit INSQ OutfitZSTD P‘EZ':;::;‘;’“
Item1A -1.21 91 82 -206* 44
Item1B -55 94 85 -1.13 A4
ltem1C <113 95 91 -1.53 40
Item2A -69 1.05 1.07 1.91 3z
Item2B .00 1.09 1.16 384° 3r
Item2C -19 112 117 392* 28
Item3A -26 89 80 -241% 49
Item3B -41 87 83 -431* 52
Item3C -89 95 86 271* 43
ltemdA -60 1.00 1.07 1.57 36
Item4B -59 87 84 -372" 50
ItemdC -80 95 89 241 42
ltem5A -1.14 98 81 -1.45 ar
ltem5B -24 96 84 -1.55 43
Item5C -87 97 89 -220* 4
ItemBA 37 99 1.03 57 A1
Item6B 42 96 a7 -65 44
Item6C 2 93 a1 -220* 48
ltem7A .50 85 83 -370* 55
Item7B .45 83 82 -3.98* .56
Item7C -.06 1.02 1.03 64 3
ltem8A 1.16 89 80 -1.35 49
Item8B 1.58 111 1.22 2.20° ar
Item8C 16 1.1 1.12 2.70° Kil
Item9A 49 1.16 1.40 7.40° 25
ItemdB .70 1.05 1.07 127 36
ItemdC 82 99 1.06 1.06 40
ltem10A 93 1.2 1.28 411 21
Item10B .84 1.18 127 413" 23
Item10C 7 1.36 497 2r
Description: (*) is the items not in the range of Outfit MNSQ and Point Measure Correlation
The third p is to measure the consistency between item difficulty level and studentsgfility level. Figure 1
below is a Wright map that shows the grap epresentation of an increase in the students' ability he item’s

difficulty levels within the same logit scale (Bond & Fox, 2015). The higher the logit scale, the ?ert e student’s
ability level and the item's difficulty level. On the other hand, the lower the logit scale, the lower the student’s ability
level and the s difficulty level (Boone et al., 2014). Most of the items are at above average (.00 logit). Item8B
(1.58 logit) is the most difficult item, while Item 1A (-1.21 logit) is the easiest item. However, at the lower (<-1.21
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logit) and higher (>1.58 logit) students'ability levels, there were no items equivalent to the intended ability level.
Meanwhile, the distribution of students'abilities is in accordance with the logit size. The students with the highest
ability reached 3.62 logit, while the students with the lowest ability obtained -3.61 logit.

Figure 1
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Difference in Item Reasoning Difficulty of Salt Hydrolysis: NagP; 0,4 NaOCl, and (NH,),S0,

ged on the size of logit value item (LVI), by dividing the distribution of measure of all Iogitms based on
the average of item and deviation standard, the item reasoning difficulty level of salt hydrolysis of NazP; 0,4,
NaOCl,and (NH,),S0, iscategorized intofour categories: easiest items to reason (LVI <-.75 logit), easy items
to reason (-75 = LVl = .00 logit), difficult items to reason (.00 = LVI = .75 logit), and most difficult items to reason
LV > .75 ). It is displayed in Table 4. From this table, two interesting points were discovered. First, there are
no similar items with the same difficulty level. For example, ltem2A (-.69) and Item2C (-.19) are easier for students
to reason than Item2B (.00). Second, the sequence of item difficulty in saline solutions of Na;P;0,,, NaOCI,
and (NH,),S0, is different and does not match the conceptual map (Table 1). For example, ltem 5A(-1.14), was
found to be easier to reason than [tem2A(-.69), Iltem4A(-.60) and Item3A (-.26). In contrast, ltem8B (1.58) was the
most difficult to reason than Item10B(.84), Item9B(.70). This finding explains that at the same construct level, the
level of reasoning difficulty of three similar items turns out to be different.

Table 4
Logit Value Item (LVI) Analysis (N=30)

Item Code (logit)
Difficulty Level
A B C
_— ) ItemBA(1.16) 1emBB(1.58) Item10C(.97) Item9C(.82)
Very Difficult: (LVI > .75 logit). Hem10A 93) llem 108 84)
Item7A(.50) 1em9B(.70) ltem7B( 45) Item8C(.22)
Difficult: (.00 2 LVI z 75 logit) Item3A(.49) ItemBA(.37) ItemBB(.42) Item8C(.12)
1em2B(.00)
Item3A(-.26) Item5B(-.24) ltem7C{-.06) ltem2C(-.19)
) . Item4A(-.60) Item2A(-69) Item3B(-41)
Easy: (-75 2 LVI 2 00 logit) ltem1B(-55)
Ilemé4B(-59)
ltem5A(-1.14) ltem1A(-121) = Item4C(-.80)
Very Easy: (LVI £ -75 logit). ItemsC(-.87) Item3C(-.89)

ltem1C(-1.13)

Description: A= Na.P,0,,, saline solution, B = Na0OClsaltsolution, C= (NH,),S50, saltsolution

The testing of difference of item reasoning difficulty level from the difference of students’grade level appl
Differential Item Functioning (DIF) (Adams et al., 2021; Bond & Fox, 2007; Boone, 2016; Rouquette et al,, 2019). An
item is considered as DIF if the t value is less than -2.0 or more than 2.0, th contrast value is less than 0.5 or
more than 0.5, and the probability (p) value is less than .05 or more than .05 (Bond & Fox, 2015; Boone et al, 2014;
Chan et al,, 2021). A total of 12 items were identified to yield significantly different responses (Figure 2). There are
five curves that approach the upper limit, i.e., items with high reasoning difficulty level: Item9B (.70), ltem10B (.84),
Item10A (.93), Item8A (1.16), and Item8B (1.58). Moreover, four curves thatapproach the lower limit are items with
low reasoning difficulty level, i.e: ltem1A (-1.21), Item5A (-1.14), Item3C (-.89), and Item5C (-.87).
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@ure 2

Person DIF plot based on Difference of Students’ Grade Level
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Based on Figure 2, an interesting case was identified, where for student A, Item8B was more difficult than
Item8A; on the other hand, for students B and C, temB8A was more difficult than Iltem8B. In other words, the char-
acteristics of item difficulty among A, B, and C groups are different. It is possible that students in group A with low
abilities could guess the correct answer to Item8A, while students B and C with high abilities answered Item8A
incorrectly because of carelessness. In addition, it was found that the difficulty level was Item8B (1.58) > Item10B
(.84) > Item9B (.74). That is, the difficulty level of the items is different; this happens because of differences in
student responses.

Analysis of Changes in Item Misconception Curve and Pattern

ﬂwe option probabiB curve is applied to detect the response pattern of students’ choice of answers on each
item. This curve providesavisual image of the distribution of correct answer choices and disgEgtor answer choices
(containing misconceptions) across the spectrum of students’ knowledge (starting from high school students,
chemistry education students, and chemistry students). T llows the researchers to evaluate if the shap@bf
the curve is fit for purpose, or if there is something unusual that indicates a structured g#blem with an item. The
shape of the curve can showa hierarchy of misconceptions that disappears sequentially as students become more
knowledgeable about a topic, either through out-of-school experiences or through formal learning. In thisarticle,
we present the sample of option probability curve for three items: ltem8A, Item8B, and Item8C.

Sample 1

Figure ) displays Item8A (1.16 logit) that tests the students’ reasoning on the pH calculation results of
NazP;0,,. e option probability curve of this item is shown in Figure 3 (b). Students whose reasoning ability
is very low (between -5.0 and -1.0 logit on the overall ability scale) are more likely to choose answer A (pH level of
the solution < 7 resulting from the hydrolysis reaction of ion Na~* ). Students with abilities between -4.0 and +1.0
prefer the answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion Na* ), and students
with abilities between-5.0 and +3.0 are more likely to choose answer C (pH level of the solution < 7 resulting from
the hydrolysis reaction of ion Py Ofg ). Meanwhile, students with abilities greater than -3.0 choose the correct an-
swer D (pH level of the solution > 7 resulting from the hydrolysis reaction of ion Paofa).The pattern of responses
produced by students at this level of ability is understandable. At the lowest level, students dagyat understand the
calculation of pH and ions resulting from the salt hydrolysis reaction (answer choice A). Whenﬁir understanding
of acids and bases develops, they choose the answer B. In this case, students can reason with the calculation of
pH, but do not understand the hydrolysis reaction and the principle of reaction equilibrium. Conversely, students
who pick the option C find difficulties in reasoning the calculation of pH but are able to correctly state the ions
resulting from the hydrolysis reaction of P; Ofo_.The misconceptions in answer choice A are significant for low-
ability students, but misconceptions in answer choices B and C are actually detected in high-ability students. The
visualization of answer choices B and C curves appears with two peaks, reflecting an unusual or strange curve,
then decreases and disappears as understanding increases.
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Figure 3.

(a) Sample of Item8A (1.16 logit) Tests the Students’ Reasoning on pH Calculation Result of NagP;0,,
(b) Option Probability Curve of the Said ltem

a) b) 19, temA

Based on the results of the calculation of the T — e |
pH of the hydrolysis of salt: NagP; 04, (0.2 ws g [
M and Ka = 1075, which of the following ol
explanations do you think is correct?
(A) pH of the solution < 7 resulting from
the hydrolysis reaction of Na* ions
(B) pH of the solution > 7 resulting from
the hydrolysis reaction of Na* ions
{C) pH of the solution < 7 resulting from
the hydrolysis reaction of
P,05; ions
*(D) pH of solution = 7 resulting from the
hydrolysis reaction of P05 ions

Option Probability

Sample 2

Figuwz 4 (a) displays Item8B (1.58 logit) that tests the students’ reasoning on the pH calculation results of
NaOCl.The option probability curve of this item is shown in Figure 4 (b).

red
a) Sample Item8B (1.58 logit) Testing the Students’ Reasoning on pH Calculation Result of NaOCl
(b) the Option Probability Curve of the Said ftem

a) b)

Based on the results of the calculation of the I 1
pH of the hydrolysis of salt: NaOCL, (0.1 M Wt

and Ka = 10~5, which of the following asd

explanations do you think is correct?
(A) pH of the solution < 7 resulting from
the hydrolysis reaction of Na* ions
(B) pH of the solution > 7 resulting from
the hydrolysis reaction of Na* ions
(C) pH of the solution < 7 resulting from
the hydrolysis reaction of OCl™ ions

*[D) pH of solution > 7 resulting from the
hydrolysis reaction of OCl™ions o

Option Probability

i & W & K X m W
Measure relative to item difficulty

Students whose reasoning ability is very low (between -5.0 and -5.0 logit on the overall ability scale) are
more likely to choose answer A (pH level of the solution < 7 resulting from the hydrolysis reaction of ion Na*). The
answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion Na™) and answer C (pH level
of the solution < 7 resulting from the hydrolysis reaction of ion OCl™) show twa curve peaks in the probability of
studentsability between -4.0 and +1.0 logit. Meanwhile, the answer D (pH level of the solution > 7 resulting from
the hydrolysis reaction of ion OC1 ™) increase@ng the improvement of students' ability, moving from -4.0 up to
+3.0 logit. The response pattern expressed in the option probability curve for this item is interesting, because the
answer choice curves A, B, and C further justify acid-base misconceptions and hydrolysis reactions, as happened in
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Item 8A. In addition, the visualization of answer choicesB and C curvesis seen with three peaks, reflecting unusual
or odd curves, which decrease as understanding increases.
Sample 3

Figure 5 (a) displays Ite@BC (.12 logit) that tests the students’ reasoning on the pH calculation results of
(NH,),S0,(NH,),S0,.The option probability curve of this item is shown in Figure 3 (b).

Figure 5
(a) Sample of Item8C (.12 logit) Testing the Students’ Reasoning on the pH Calculation Results of (}\{,*-11_1)25(}_1Fr

(b) Option Probability Curve of the Said ltem

a) b) 29. RemeC

Based on the results of the calculation of the
pH of the hydrolysis of salt: (NH,),S0, (0.1
M and Kb = 2.107%, which of the following
explanations do you think is correct?
(A) pH of the solution < 7 resulting from
the hydrolysis reaction of NH, " ions
*(B) pH of the solution > 7 resulting from
the hydrolysis reaction of NH, *ions
(C) pH of the solution < 7 resulting from | "III ) 4
the hydrolysis reaction of S03~ ions 1 | Y s, B0
(D) pH of solution > 7 resulting from the = / W\
hydrolysis reaction of SO%~ ions e iy we

Option Probability

Measure relative to item difficulty

The probability of answer A (pH level of the solution < 7 resulting from the hydrolysis reaction of ion NH,™)
is the highest for students with lowest reasoning ability (between <-3.0 2.0 logit). The visualization of curve A
shows three peaks, i.e., in the lowest capability range (<-3.0 logit), then in the capability range between -1.0 logit
and 2.0 logit. The visualization of curve of answer C(pH level of the solution < 7 resulting from the hydrolysis reac-
tion of ion S0, °7) also has three peaks, similar to the curve A; on the other hand, the curve of answer D (pH level of
the solution > 7 resulting from the hydrolysis reaction of ion SO, *”) is at the ability range of high-ability students
(<2.0logit). The correct answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion NH;]
at the ability range between -4.0 and 5.0 logit increases monotonously along with the decline incurve A, C, and D.

Itis interesting to take a closer look at how the curves of the three items change using the Guttman Scalogram
(Table 6). This table details several examples of student item response patterns, in two fo namely the Oand 1
dichotomy pattern, and the actual response pattern. This response pattern is ordered by the level of difficulty of
the item (easiest at left to most difficult at right). The response patterns of 409AF (1.54), 421AF (1.54), 411AF (1.33)
and 412AF (1.33), which were highly capable, chose the misconception answer D (for tem8C, fourteenth row from
right), answer choice B (for Item8A, second row from right), and answer choice D (for Item8B first row from right).
This is an example of a resistant item misconception pattern. Meanwhile, the response pattern of respondent
419AF (3.62) who chose the misconception answer C (for ltem8A), 049AF (2.07) and 094AM (2.07) choosing the
misconception answer C (for ltem8B), and 659BF(2.41) choosing the misconception answer A (for ltem8B). tem8C)
is a different pattern of misconceptions.
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Table6
Scalogram Analysis

GUTTMAN SCALOGRAM OF RESPONSES:

Person |Item
| 1112112 212 2 212 112231 2 Item Incorrect Person
|1312376726728641 9 88395485580 9 4 29/Item8C 19/Item8A 24/Item8B Measure

419AF +1111111111111111 1 11111111111 @ 1 = 2] = 3.82
+BBAABAABBABCEABA B ABBDADAACCC C D = D =

B849AF +1111111111111111 1 11111111680 1 @ = = [} 2.e7
+BBAABAABBABCBABA B ABEDADAABBE D C - - C

894AM +1111111111111111 1 1111111lcee 1 @ = = 2] 2.7
+BEAABAABBABCEABA B ABEDADAAEBE D C = = C

6598F +1111111111111181 © 11111111181 11 e = = 2.41
+BBAABAABBABCBAAA A ABBDADAACAC D D A = =

B26AF +1111111111111661 6 1111111111 1 @ ] ol ] 1.78
+BEAABAABBABCEBDA A BBEDADAACCC D A A = A

148AM +1111111111111118 © 18181111111 1 @ e = e 1.78
+BBAABAABBABCBABB D AABBADAACCC D C D - C

489AF +1111111161111111 & 11118111181 © @ a ] 2] 1.54
+BEAABAABAABCBABA D ABBDDDAACEC B B D B B

421AF +#1111111101111111 © 1111e11llel @ @ a ] a 1.54
+BEAABAABAABCBABA D ABEDDDAACBC B B D B B

411AF +1111111108111111 @ 11118111181 @ © -] 2] ] 1.33
+BBAABAABABBCBABA D ABBDDDAACBC B B D B B

412AF +11111111111€1111 © 11916111181 6 © ] ] [:] 1.33
+BBAABAABBABDBABA D ABDDDDAACBC B B D B B
|______________________________ .
| 1112112 212 2 212 11223 1 2 Note:
|1312376726728641 9 883954085588 9 4 Item misconception pattern: DBB

Discussion

?e results of the study have shown empirical evidence regarding the validity and reliability of the mea-
surement instruments at a very good level. This means that the used instrument is effective to evaluate the
difficulty of students’ conceptual reasoning. On top of that, it is also highlighted that: (1) the order of item
reasoning difficulty level of salt hydrolysis of Na.P;0,, NaOCl, and (NH,),S0 ifferent (not matching
the construct map), and there are no similar items with the same difficulty level despite being in the same
construct level; (2) the dimy level of similar items is different, it is possible that it occurs due to different
student responses, where ability students can guess the correct answer, while high-ability students are
wrong in answering items due to carelessness; (3) The visualization of changes in the answer choice curves
and the pattern of item misconceptions shows the evidence that high-ability students tend to have aresponse
pattern of item misconceptions that tend to be resistant, especially related to the construct of calculating the
pH he salt solution.

e results of the research above show that the difficulty level of the three salt hydrolysis compounds (
Na_P,0,,,Na0Cl and (NH,),S0,) tends to be different. This differenceis relatively caused by the poorlevel
of mastery of the content and, therefore, gives different reasoning responses in the context of the three salt
hydrolysis compounds in question. This factreinforces the findings of Davidowitz and Potgieter (2016) and Park
and Liu (2019) that reasoning and onceptions tend to be strongly influenced by studerg¥ content mastery.
This facthas also been explained by Chu et al. (2009), that students showed the existence of context-dependent
alternative conceptions @gmisconceptions in optics when items used different examples, despite evaluating
students'understanding of the same concept. Research by Ozdemir and Clark (2009) supports the conclusion
that students' reasoning is fragmented and tends to be inconsistent with items in different contexts. Likewise,
diSessa et al. (2004) found that students’ scientific explanations do not represent their overall understanding
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of their understanding of a particular item. However, Weston et al. (2015) proposed the opposite results,eat
students' responses to the four versions of the questions about photosynthesis are not significantly different.
This is possible due to the fact that they do not focus on revealing students’ misconceptions but rather focus
on examining scientific ideas obtained from student responses.

To explain these problems, it is exemplified in the item misconception patterns of the students, for ex-
ample: answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion Na™)for ltem8A, answer
B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion Na™) for Item8B, and answer D (pH
level of the solution > 7 resulting from the hydrolysis reaction of ion 804:_) for Item8C. It can be seen that
all three show the same pattern of misconceptions, in terms of: (a) the pH value of the solutionis > 7, and (b)
the ions resulting from the hydrolysis reaction of the salt solution. This finding is interesting to observe further.
This is because students do not master the concepts of strong acid and strong base accurately and scientifi-
cally; they also tend to find it difficult to reason about the hydrolysis reaction of salt solutions. For example,
the hydrolysis reaction: (NH,),S0, — 2NH,* + S0, where ion NI—I,,*' + H,0 < NH,OH+ H*.and
excess of ion H™ cause pH level of the solution to be < 7 and acidic. In addition, the hydrolysis reaction of salt:
NaOCl — 0OCl~ + Na®*, where ion OCl™ that reacts with water becomes OCl~ + H,O0 < HOCl+ OH™.
excess of ion OH™ causes pH level of the solution to be > 7 and the solution becomes basic. This is to say that
students tend to lack adequate concept understanding on explaining the contribution of ions H¥ and OH™
towards the pH change of saline solution. This finding supports Tiimay's (2016) conclusion, that most of stu-
dents are unable to conceptualize properties acid-base and strengthf acid as the property that results from
interaction between many fgtors. This finding is also supported by Nehm and Ha (2011), that the pattern of
student responses is highly predictable regardless of the context, especially when the responses involve core
scientific concepts. This means that students are more sensitive to their misconceptions than using correct
con?ual reasoning in explaining the context of the item.

e results of this study have shown that although students are indeed able to state the acidity of a salt
solution correctly, most of them have misconceptions in writing chemical equations. In addition, students
tend to have difficulty explaining the nature of hydrolyzed salts, as a result of their inability to understand the
acid-base properties of salt-forming compounds as well as to write down salt hydrolysis reaction equations
that meet the principles of chemical equilibrium. Therefgy®, they experience difficulty calculating the pH of the
saline solution. This supports the conclusions of Orwal etal. (2017) and Damanhuri et al. (2016), that students
have difficulty in explaining the nature of acid-base, strong base a eak base, despite that more than 80%
of them understa hat ionized acids inwater produce ion H™ and that the pH level of neutral solution equals
to 7, aswell as be able to write down the chemical equation for reaction betwe?cid and base. The previous
findings also strengthen the study by Solihah (2015), that students assume that the addition of asmallamount
of strong acid a?trongbase to a buffer solution does not affect the shift in equilibrium. However, the correct
concept is that the addition of a small amount of strong acid and strong base affeqwe shift in equilibrium.
Experts argue that difficulties in understanding the nature of acid-base tend to be influenced by cultural
background of students, and therefore their understanding becomes different and inconsistent (Chiu, 2007;
Kala et al,, 2013; Lin & Chiu, 2007).

Conclusions and Implications

Compared to the previous studies, the novelty of this study is that it can demonstrate the evidence and
the measurement accuracy of reasoning difficulties as well as changes of item misconception curve and pat-
tern on hydrolysis up to the individual scale of each item and each student. The Rasch model can estimate the
character and nature of misconceptions, yielding valuable information for teachers in developing appropri-
ate and measurable instructional strategies. The study shows how to combine the procedures of qualitative
item development and quantitative data analysis that allow us to invé@iligate deeper regarding the reasoning
difficulties and misconceptions on hydrolysis. The example of using?e option probability curve above can
explain the prevalence of changes in students’ misconception answer choices. The pattern of misconceptions
was justified using the Guttman Scalogram map; thus, this study was able identify resistant item misconcep-
tions that are commonly experienced by high-ability learners.
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These research items are carefully developed and constantly aligned with key i:p about the concept of
hydrolysis chemistry that have been learned by students in upper-secondary school. It is hoped that teachers,
researchers, and curriculum material developers will be able to use quantitative items and methods similar to
those discussed in this study to compare the effectiveness of various materials and approaches with greater
precision and objectivity. While this study does not address questions about individual student performance
or growth, it is hoped that the items will be useful in helping teachers diagnose individual learners’ thinking
so as to target learning more effectively.

This research contributes to the field of chemistry learning assess t by validating the reasoning ability
test of the hydrolysis concept using psychometric a?sis techniques'%ed on the Rasch model of measure-
ment. The validation of the reasoning ability test in this study is expected to fill the gaps in the literature that
tend to be limited in conceptual reasoning in the field of hydrolysis chemistry. This is further expected to be
one of the references in developing and integrating the Rasch model measurement in the school curriculum
in the world, especially in Indonesia.

This research can also function as a guide for researchers in developing ways to assess students’concep-
tual reasoning abilities. This will provide valuable information regarding differences in ethnicity, gender, and
grade level in assessing students’ reasoning abilities. These findings will assist researchers in modifying the
reasoning ability test developed in this study, into a new assessment that is more adaptive to the learning
progress of students.

Research Limitation and Further Study

Thi dy has not considered the differences in the context of the problem presentation the charac-
teristics of the item on the item difficulty level parameter. Therefore, it is difficult to distinguish the difficulty of
items based on differencesin students'understanding abilities or precisely because of differences in the context
of the problem presented in each item. In addition, the reach of the student population has not yet reached
other parts of the Indonesian territory. Future research is expected to be able to reach a wider population of
students in Indonesia, taking into account the demographic aspects of students (such as ethnic, social, and
cultural differences), and measuring their influence on the level of mastery of concepts and scientific reason-
ing in different content scopes.
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