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Abstract. This study seeks to apply Rasch modelling to explore difficulties in concept reasoning, changes in 

response pattern, and item misconception patterns of hydrolysis. The analysis adopted an individual-centered 

statistic approach that allows the measurement up to the individual scale of each student and each item. A 

distractor-based multiple-choice diagnostic test instrument was developed to measure in strata ten levels of 

reasoning constructs of salt hydrolysis:         ,       and          . A total of 30 written test items 

were completed by 849 students in Gorontalo, Indonesia. The raw scores of measurement results were 

converted into data with similar logit scales by WINSTEPS 4.5.5 version. The findings of this study showed 

that students’ reasoning difficulty level of concept of saline solutions of         ,      , and            

were varied. Calculation of saline solution’s pH level is the most difficult construct to reason. In certain 

cases of particular items, changes of response pattern was found, in which the misconception curve showed a 

declining trend and disappeared along with the increase of comprehension along the spectrum of students’ 

ability. This indicated a hierarchy of misconceptions which are specific to a particular item. The result of 

scalogram analysis showed an evidence in the form of item misconception pattern that was similar to other 

identical items in high-ability students. This pattern was marked as a rather resistant item misconception. 

This study’s findings are the proof of the advantages of Rasch modelling as well as the reference for teachers 

in evaluating the students’ barriers in concept reasoning and misconception. 

Keywords: difficulties, hydrolysis, misconception, Rasch model, students. 

 

   

 

Introduction 

 

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 difficulties in 

elaborating the linkages between concepts (Johnstone, 1991; Taber, 2019), as well as difficulties in 

explaining social-scientific problems with the knowledge in chemistry that they have learned in 

school (Bruder & Prescott, 2013; Kinslow et al., 2018; Owens et al., 2019). These types of 

difficulties commonly 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), 

yang mengandung miskonsepsi (Johnstone, 2006, 2010; Taber, 2002, 2009), and is divergent from 

scientific concepts (Alamina & Etokeren, 2018; Bradley & Mosimege, 1998; Damanhuri et al., 

2016; Orwat et al., 2017; Yaşar et al., 2014).  

Misconceptions that are resistant (Hoe & Subramaniam, 2016) tend to hinder the correct 

process of conceptual reasoning (Soeharto & Csapó, 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 misconception come in various forms (Aktan, 2013; Orwat et al., 2017). Therefore, it is 

crucial to understand how these misconception occur in the process of concept reasoning in order to 

formulate proper strategies to develop students‘ understanding that is accurate and scientific 

(Chandrasegaran et al., 2008; Kolomuç & Çalik, 2012; Sunyono et al., 2016).  

Salt hydrolysis is one of the concepts in chemistry that students often find it difficult to 

understand (Damanhuri et al., 2016; Orwat et al., 2017; Tümay, 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 solution due to the students‘ lack of competence in 

explaining the acid-base concept and chemical equilibrium (Demircioǧlu et al., 2005; Orgill & 

Sutherland, 2008; Orwat et al., 2017); error in interpreting the concept of acid-base strength 

(Tümay, 2016); difficulty in understanding the definition of salt hydrolysis and characteristics of salt 

(Sesen & Tarhan, 2011); and difficulty in reasoning the concept of formulation and capacity of 

buffer solution (Maratusholihah 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 understood at the item level and 

individual students. This information is crucial for teachers in making subsequent instructional 

decisions. 

Studies on misconception 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 that use 

raw scores as reference to obtain conclusion are rather limited in presenting relevant information 

regarding reasoning difficulties and misconception characteristics of items and students. 

Psychometrically, this approach tend to have limitations in measuring accurately (Pentecost & 

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 approach that employs probabilistic measurement that goes 

beyond raw score measurement (Boone & Staver, 2020; Liu, 2012; Wei et al., 2012). 

Research 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 & Potgieter, 

2016), measuring conceptual changes in hydrolysis (Laliyo et al., 2022), measuring scientific 

investigation competence (Arnold et al., 2018), investigating item difficulty (Barbera, 2013) and 

(Park & Liu, 2019), and identifying misconceptions in electrolytes and non-electrolytes (Lu & Bi, 

2016). In particular, research 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 misconceptions in concept of matter state change. In spite of this, research 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 inseparable 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 with a 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 intends 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 concept of salt hydrolysis:         ,      , and           

are analyzed by distractor-type multiple choices test. This test instrument is adapted from research 

reported by Tümay (2016) regarding misconceptions in acid-base reaction, Seçken (2010) on 

misconceptions in salt hydrolysis, Damanhuri et al. (2016) regarding acid-base strength, and Orwat 

et al. (2017) on misconception in dissolving process and reaction of ionic compounds with water 

and chemical equations. Distractor functions to magnify the diagnostic strength of items (Sadler, 

1999). The problems on these items are detected by option probability curve. Moreover, the item 

difficulty level is determined based on the size of item logit (Boone & Staver, 2020; Laliyo et al., 

2022; Linacre, 2020). By dichotomous score, the curve that is appropriate with the probability of 

correct answer choice usually increases monotonously along with the increase in students‘ 

understanding; while the curve for the distractor sequence tend to decline monotonously as the 

students‘ understanding increases (Haladyna, 2004; Haladyna & Rodriguez, 2013; Herrmann-Abell 

& Deboer, 2016). Items 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). The study points out three specific problems to 

be explored in this article: (1) How is the validity and reliability of the measurement instrument 

employed in this study? (2) How do the item reasoning difficulties of salt hydrolysis of ,         , 

and       differ from each other?  (3) In what ways the changes in item response curve and pattern 

can demonstrate item misconception patterns that tend to be resistant? 

 

Method 

 

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 is in the form of numbers, while each right 

answer on an item is 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 in the 

learning process and learning materials. In other words, no treatments were applied to students to 

ensure that they can answer all question items in the measurement instruments correctly. The 

research permit for this study were obtained from the government, the school administrative, and the 

university board of leaders. 

 

Respondents 

 

A total of 849 respondents were involved in this study. The respondents were 537 senior high 

school students (A), 165 university students majoring Chemistry Education (B), and 147 Chemistry 



students (C). The A group (16-17 age range) was selected from six leading schools in Gorontalo by 

random sampling technique. This technique allows the researchers to obtain the most representative 

sample from the entire population in focus. The senior high school population was divided into 

subgroups, where samples were selected randomly from the subgroups (Neuman, 2014). Meanwhile, 

the A and B group (19-21 age range) were determined randomly from the population of university 

students in Faculty of Mathematics and Natural Sciences in a state university in Gorontalo. Prior to 

conducting this study, the respondents in A group were confirmed to have learned formally about 

acid-base, properties of hydrolyzed salts, hydrolysis reactions, 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 to research 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 research instrument involved 30 items that measure the students‘ reasoning ability on 

concept of hydrolysis. The instrument was in the form of multiple-choices test that was adapted 

from our 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 that involves ten levels of constructs. A difference in level of reasoning construct 

represents the qualitative improvement of the measured construct (Wilson, 2009, 2012). These 

construct levels refers to the Curriculum Standard of Chemistry Subject in Eleventh Grade in 

Indonesia, as per the Regulation of Ministry of Education and Culture of Republic of Indonesia No. 

37/2018. Each level of construct has three typical items, for example, 1/Item1A, 6/Item1B, and 

11/Item1C. These items measure the level 1 construct, i.e., determining the characteristics of 

forming compounds of         ,      , and          . These three items are different from 

each other from the context of reasoning task of hydrolysis solution.  

 

Table 1 

Conceptual Map of Reasoning of Salt Hydrolysis 

Concept Reasoning Level 

Serial Number/Item/Context 

Reasoning Task 

A B C 

Level 1. Determining the properties of forming compounds of 

salt 

1/Item1A 6/Item1

B 

11/Item1

C 

Level 2. Explaining the properties of compounds that are 

completely and partially ionized in salt solutions 

16/Item2

A 

21/Item2

B 

26/Item2

C 

Level 3. Determining the properties of salt in water 2/Item3A I7tem3B 12/Item3

C 

Level 4. Explaining the properties of salt based on the forming 

compounds 

17/Item4

A 

22/Item4

B 

27/Item4

C 

Level 5. Determining types of hydrolysis reaction of salt 3/Item5A 8/Item5

B 

13/Item5

C 

Level 6. Explaining result of salt hydrolysis reaction 18/Item6

A 

23/Item6

B 

28/Item6

C 

Level 7. Calculating pH level of salt solution 4/Item7A 9/Item7

B 

14/Item7

C 



Level 8. Explaining pH calculation result of salt solution 19/Item8

A 

24/Item8

B 

29/Item8

C 

Level 9. Determine types of forming compounds of buffer 

solution 

5/Item9A 10/Item9

B 

15/Item9

C 

Level 10. Explaining the properties of buffer solution based 

on the forming compounds 

20/Item1

0A 

25/Item1

0B 

30Item1

0C 

Description: A =          salt solution, B =       salt solution, C =           salt solution 

 

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 (Herrmann-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 & 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 relationship 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, Κ = .97, p<0,0001, 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 by researchers. Each 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 confirmed 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 interval data that have the same logit scale using the 

WINSTEPS 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 of items 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 different items (Bond & Fox, 2007). It combines algorithm of probabilistic expectation result of 

item ‗i‘ and student ‗n‘ as:                                                        . The 

statement                       is the probability of student n in the item i to generate a correct 

answer (x = 1); with the students‘ ability, ßn, and item difficulty level of     (Bond & Fox, 2015; 

Boone & Staver, 2020). If the algorithm function is applied into the previous equation, it will be 



                                    ; thus, the probability for a correct answer equals to the 

students‘ ability minus item difficulty level (Sumintono & Widhiarso, 2015). 

 The measures of students‘ ability (person)    and item difficulty level    are stated on a 

similar interval and are independent to each other, which are measured in an algorithm unit called 

odds or log that can vary from -00 to +00 (Herrmann-Abell & DeBoer, 2011; Sumintono & 

Widhiarso, 2015). The use of logit scale in Rasch model is the standard interval scale that shows the 

size of person and item. Boone et al. (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 represent 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).  

 

Results 

 

Validity and Reliability of the Instruments 

The first step is to ensure the validity of test constructs by measuring the fit validity 

(Banghaei, 2008; Chan et al., 2021). This serves to determine the extent to which the item fits to the 

model, and because it is in accordance with the concept of singular attribute (Boone et al., 2014; 

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 MNSQ. Outfit is the chi-

square that is sensitive to the outlier. Items 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 mean box of Infit is 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 indicates that the average Outfit MNSQ of test item is 1.0 logit; this is in accordance 

with the ideal score range between 0.5-1.5 (Boone et 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 between 849 

students and the 30 KPIH test items is categorized as good. In other words, the instrument has 

excellent psychometric internal consistency and is considered a reliable instrument (Adams & 

Wieman, 2011; Boone & Staver, 2020; Sumintono & Widhiarso, 2015). The results of the 

unidimensionality measurement using Principal Component Analysis (PCA) of the residuals show 

that the raw data variance at 23.5%, meeting 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).  

 

Table 2  

Summary of Fit Statistics 

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

Measures (logit)   

Mean -.20 .00 

SE (standard error) .03 .14 

SD (standard deviasi) .99 .75 

Outfit mean square   

Mean 1.00 1.00 

SD .01 .02 



Separation 1.97 9.15 

Reliability .80 .99 

Cronbach‘s Alpha (KR-

20) 

.81  

 

The results of testing the quality of the item response pattern as well as the interaction between 

person and item show a high score of the separation item index (9.15 logit) and high item 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 researcher's 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 & Staver, 2020; 

Linacre, 2020). An item is considered as misfit if the measurement result of the item does not meet 

the three criteria of: Outfit mean square residual (MNSQ): .5 < y < 1.5; Outfit standardized mean 

square residual (ZSTD): -2 < Z < +2; and point measure correlation (PTMEA CORR): .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 

value is obtained, the item is considered acceptable; however, if a negative value is obtained, then 

the item is considered not functioning properly, or contains misconceptions (Bond & Fox, 2015; 

Boone et al., 2014; Sumintono & Widhiarso, 2015). Table 3 indicates that all items are in the Outfit 

MNSQ range, while 18 items are not in the Outfit ZSTD range, and 13 items are not in the Pt-

Measure Corr range, and there is no negative value for the Pt-Measure Corr criteria. There is no 

single item that does not meet all three criteria, so all items are retained. If only one or two criteria 

are not met, the item can still be used for measurement purposes.  

 

Table 3  

Item Fit Analysis 

Item Measure Infit MNSQ Outfit MNSQ Outfit ZSTD Pt. Mea. Corr 

Item1A -1.21 ,91 .82 -2.96* .44 

Item1B -.55 .94 .95 -1.13 .44 

Item1C -1.13 .95 .91 -1.53 .40 

Item2A -.69 1.05 1.07 1.91 .32* 

Item2B .00 1.09 1.16 3.84* .31* 

Item2C -.19 1.12 1.17 3.92* .28* 

Item3A -.26 .89 .90 -2.41* .49 

Item3B -.41 .87 .83 -4.31* .52 

Item3C -.89 .95 .86 -2.71* .43 

Item4A -.60 1.00 1.07 1.57 .36* 

Item4B -.59 .87 .84 -3.72* .50 

Item4C -.80 .95 .89 -2.11* .42 



Item5A -1.14 .98 .91 -1.45 .37* 

Item5B -.24 .96 .94 -1.55 .43 

Item5C -.87 .97 .89 -2.20* .41 

Item6A .37 .99 1.03 .57 .41 

Item6B .42 .96 .97 -.65 .44 

Item6C .22 .93 .91 -2.20* .48 

Item7A .50 .85 .83 -3.70* .55 

Item7B .45 .83 .82 -3.98* .56 

Item7C -.06 1.02 1.03 .64 .39* 

Item8A 1.16 .89 .90 -1.35 .49 

Item8B 1.58 1.11 1.22 2.20* .27* 

Item8C .16 1.11 1.12 2.70* .31* 

Item9A .49 1.16 1.40 7.40* .25* 

Item9B .70 1.05 1.07 1.27 .36* 

Item9C .82 .99 1.06 1.06 .40 

Item10A .93 1.21 1.28 4.11* .21* 

Item10B .84 1.18 1.27 4.13* .23* 

Item10C .97 1.19 1.36 4.97* .21* 

Description: (*) is the items not in the range of Outfit MNSQ and Pt-Measure Corr. 

 

The third step is to measure the consistency between item difficulty level and students‘ ability 

level. Figure 1 below is a Wright map that shows the graphic representation of an increase in 

students ability and item difficulty level within the same logit scale (Bond & Fox, 2015). The higher 

the logit scale, the higher the 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 item'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 Item1A (-1.21 logit) is the easiest item. However, at the lower (<-1.21 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 (3.62 logit) were female (high school students: 221AF, 419AF, 477AF) and 

chemistry students 766CF; while the students with the lowest ability (-3.61 logit) are high school 

students 035AM, 082AF, and 102AM.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 1. Wright Map: Person-Map-Item 

 
 

Difference in Item Reasoning Difficulty of Salt Hydrolysis:         ,      , and           

 

Based on the size of logit value item (LVI), by dividing the distribution of measure of all logit 

items based on the average of item and deviation standard, the item reasoning difficult level of salt 

hydrolysis of         ,      , and           is categorized into four categories: easiest items to 

reason (LVI ≤ -.75 logit), easy items to reason (-.75 ≥ LVI ≥ .00 logit), difficult items to reason (.00 

≥ LVI ≥ .75 logit), and most difficult items to reason (LVI > .75 logit). 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, Item2A (-.69) and Item2C (-.19) are easier for students to reason 

than Item2B (.00). Second, the sequence of item difficulty in saline solutions of         ,      , 
and           is different and do not match the conceptual map (Table 1). For example, Item5A(-

1.14), was found to be easier to reason than Item2A(-.69), Item4A(-.60) and Item3A (-.26). In 

contrast, Item8B(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) 

Difficulty Level 
Item Code (logit)  

A B C 

Very Difficult: (LVI > .75 logit). 
Item8A(1.16) 

Item10A(.93) 

Item8B(1.58) 

Item10B(.84) 

Item10C(.97) 

Item9C(.82) 

Difficult: (.00 ≥ LVI ≥ .75 logit) 

Item7A(.50) 

Item9A(.49) 

Item6A(.37) 

 

Item9B(.70) 

Item7B(.45) 

Item6B(.42) 

Item2B(.00) 

Item6C(.22) 

Item8C(.12) 

Easy: (-.75 ≥ LVI ≥ .00 logit) 

Item3A(-.26) 

Item4A(-.60) 

Item2A(-69) 

 

Item5B(-.24) 

Item3B(-.41) 

Item1B(-.55) 

Item4B(-.59) 

Item7C(-.06) 

Item2C(-.19) 

 

Very Easy: (LVI ≤ -.75 logit). 

Item5A(-1.14) 

Item1A(-1.21) 

 

-- Item4C(-.80) 

Item5C(-.87) 

Item3C(-.89) 

Item1C(-1.13) 

Description:  A =            saline solution, B =       salt solution, C =           salt 

solution 

  

The testing of difference of item reasoning difficulty level from the difference of students‘ 

grade level applied 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, the DIF contrast value is less than 0.5 or more than 0.5, and the probability (p) value 

is less than 0.05 or more than 0.05 (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), 

Item10B(.84), Item10A(.93), Item8A(1.16), and Item8B(1.58). Moreover, four curves that approach 

the lower limit are items with low reasoning difficulty level, i.e.: Item1A(-1.21), Item5A(-1.14), 

Item3C(-.89), and Item5C(-.87).  

 

Figure 2. Person DIF plot based on Difference of Students’ Grade Level 

 
Note: A = Senior High School students, B = Chemistry Education university students, C = 

Chemistry university students 
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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, Item8A was more difficult than 

Item8B. In other words, the characteristics 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 

The option probability curve is applied to detect the response pattern of students' choice of 

answers on each item. This curve provides a visual image of the distribution of correct answer 

choices and distractor answer choices (containing misconceptions) across the spectrum of students' 

knowledge (starting from high school students, chemistry education students, and chemistry 

students). This allows the researchers to evaluate if the shape of the curve is fit for purpose, or if 

there is something unusual that indicates a structured problem with an item. The shape of the curve 

can show a 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 this article, we present the sample of option probability curve for three items: Item8A, 

Item8B, and Item8C. 

Sample 1 

Figure 3 (a) displays Item8A (1.16 logit) that tests the students‘ reasoning on the pH 

calculation results of         . The 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    ). 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    ), 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      
  ). Meanwhile, students with abilities greater 

than -3.0 choose the correct answer D (pH level of the solution > 7 resulting from the hydrolysis 

reaction of ion      
  ). The pattern of responses produced by students at this level of ability is 

understandable. At the lowest level, students do not understand the calculation of pH and ions 

resulting from the salt hydrolysis reaction (answer choice A). When their 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 

     
  . 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.  

 

 

 

 

 

 



Figure 3. (a) Sample of Item8A (1.16 logit) Tests the Students’ Reasoning on pH Calculation Result 

of         , (b) Option Probability Curve of the Said Item. 

 
 

Sample 2 

Figure 4 (a) displays Item8B (1.58 logit) that tests the students‘ reasoning on the pH 

calculation results of      . The option probability curve of this item is shown in Figure 4 (b).  

 

Figure 4. (a) Sample Item8B (1.58 logit) Testing the Students’ Reasoning on pH Calculation Result 

of       (b) the Option Probability Curve of the Said Item 

 
 

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    ). The answer B (pH level of the solution > 7 resulting from the 

hydrolysis reaction of ion    ) and answer C (pH level of the solution < 7 resulting from the 

hydrolysis reaction of ion     ) show two curve peaks in the probability of students‘ ability 

between -4.0 and +1.0 logit. Meanwhile, the answer D (pH level of the solution > 7 resulting from 

the hydrolysis reaction of ion     ) increases along 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 Item 8A. In addition, the visualization of 

answer choices B and C curves is seen with three peaks, reflecting unusual or odd curves, which 

decrease as understanding increases. 

 

Sample 3 

Figure 5 (a) displays Item8C (.12 logit) that tests the students‘ reasoning on the pH 

calculation results of          . 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          , (b) Option Probability Curve of the Said Item 

 
 

The probability of answer A (pH level of the solution < 7 resulting from the hydrolysis 

reaction of ion    
 ) is the highest for students with lowest reasoning ability (between <-3.0 and 

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 reaction of ion    
  

) 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    
  

) is at the ability range of high-

ability students (<2.0 logit). The correct answer B (pH level of the solution > 7 resulting from the 

hydrolysis reaction of ion    
 ) at the ability range between -4.0 and 5.0 logit increases 

monotonously along with the decline in curve A, C, and D.  

It is 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 forms, namely the 0 and 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 Item8C, 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 Item8A), 

049AF(2.07) and 094AM(2.07) choosing the misconception answer C (for Item8B), and 

659BF(2.41) choosing the misconception answer A (for Item8B). Item8C) is a different pattern of 

misconceptions.  

 



Table 6 

Scalogram Analysis 

 
 

Discussion and Conclusions 

 

The findings of the study has shown empirical evidence regarding the validity and reliability 

of the measurement instruments at a very good level. On top of that, it is also highlighted that: (1) 

the order of item reasoning difficulty level of salt hydrolysis of         ,      , and           

is different (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 difficulty level of similar items is different, it 

is possible that it occurs due to different student responses, where low-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 curve and the pattern of item misconceptions shows the proof that 

high-ability students tend to have a resistant item misconception response pattern.  

The item misconception patterns of the students are rather resistant, for example: answer B 

(pH level of the solution > 7 resulting from the hydrolysis reaction of ion    ) for Item8A, answer 

B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion    ) for Item8B, and 

answer D (pH level of the solution > 7 resulting from the hydrolysis reaction of ion    
  

) for 

Item8C.  It can be seen that all three show the same pattern of misconceptions, in terms of: (a) the 

pH value of the solution is > 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 correctly and tend to find it difficult to reason about the 

hydrolysis reaction of salt solutions. For example, the hydrolysis reaction:               
  

    
  , where ion    

                    and excess of ion    cause pH level of the 

solution to be < 7 and acidic. In addition, the hydrolysis reaction of salt:                 , 

where ion      that reacts with water becomes                       , excess of ion     

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    and     

towards the pH change of saline solution. This finding supports Tümay‘s (2016) conclusion, that 

most of students are unable to conceptualize properties acid-base and strength of acid as the property 

that results from interaction between many factors.  

The findings of this study are also supported by Orwat et al. (2017), 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. Therefore, they experience difficulty calculating the pH of the saline solution. 

This supports the conclusions of Damanhuri et al. (2016), that students have difficulty in explaining 

the nature of acid-base, strong base and weak base, despite that more than 80% of them understand 

that ionized acids in water produce ion    and that the pH level of neutral solution equals to 7, as 

well as be able to write down the chemical equation for reaction between acid and base.  The 

previous findings also strengthen the study by Solihah (2015), that students assume that the addition 

of a small amount of strong acid and strong base 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 affects the shift in equilibrium. Experts argue that difficulties in understanding the 

nature of acid-base tend to be influenced by the cultural background of students, and therefore their 

understanding becomes different and inconsistent (Chiu, 2007; Kala et al., 2013; Lin & Chiu, 2007).  

 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 pattern 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 appropriate and measurable instructional strategies. 

The study shows how to combine the procedures of qualitative item development and quantitative 

data analysis that allow us to investigate deeper regarding the reasoning difficulties and 

misconceptions on hydrolysis. The example of using the 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 

misconceptions that are commonly experienced by high-ability learners.  
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RASCH MODELLING TO EVALUATE REASONING DIFFICULTIES, 

CHANGES OF RESPONSES, AND ITEM MISCONCEPTION PATTERN OF 

HYDROLYSIS 
 

 
Abstract. This study seeks to apply Rasch modelling to explore difficulties in concept reasoning, changes in 

response pattern, and item misconception patterns of hydrolysis. The analysis adopted an individual-centered 

statistic approach that allows the measurement up to the individual scale of each student and each item. A 

distractor-based multiple-choice diagnostic test instrument was developed to measure in strata ten levels of 

reasoning constructs of salt hydrolysis:         ,       and          . A total of 30 written test items 

were completed by 849 students in Gorontalo, Indonesia. The raw scores of measurement results were 

converted into data with similar logit scales by WINSTEPS 4.5.5 version. The findings of this study showed 

that students’ reasoning difficulty level of concept of saline solutions of         ,      , and            

were varied. Calculation of saline solution’s pH level is the most difficult construct to reason. In certain 

cases of particular items, changes of response pattern was found, in which the misconception curve showed a 

declining trend and disappeared along with the increase of comprehension along the spectrum of students’ 

ability. This indicated a hierarchy of misconceptions which are specific to a particular item. The result of 

scalogram analysis showed an evidence in the form of item misconception pattern that was similar to other 

identical items in high-ability students. This pattern was marked as a rather resistant item misconception. 

This study’s findings are the proof of the advantages of Rasch modelling as well as the reference for teachers 

in evaluating the students’ barriers in concept reasoning and misconception. 

Keywords: difficulties, hydrolysis, misconception, Rasch model, students. 

 

   

 

Introduction 

 

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 difficulties in 

elaborating the linkages between concepts (Johnstone, 1991; Taber, 2019), as well as difficulties in 

explaining social-scientific problems with the knowledge in chemistry that they have learned in 

school (Bruder & Prescott, 2013; Kinslow et al., 2018; Owens et al., 2019). These types of 

difficulties commonly 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), 

yang mengandung miskonsepsi (Johnstone, 2006, 2010; Taber, 2002, 2009), and is divergent from 

scientific concepts (Alamina & Etokeren, 2018; Bradley & Mosimege, 1998; Damanhuri et al., 

2016; Orwat et al., 2017; Yaşar et al., 2014).  

Misconceptions that are resistant (Hoe & Subramaniam, 2016) tend to hinder the correct 

process of conceptual reasoning (Soeharto & Csapó, 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 misconception come in various forms (Aktan, 2013; Orwat et al., 2017). Therefore, it is 

crucial to understand how these misconception occur in the process of concept reasoning in order to 

formulate proper strategies to develop students‘ understanding that is accurate and scientific 

(Chandrasegaran et al., 2008; Kolomuç & Çalik, 2012; Sunyono et al., 2016).  
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Salt hydrolysis is one of the concepts in chemistry that students often find it difficult to 

understand (Damanhuri et al., 2016; Orwat et al., 2017; Tümay, 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 solution due to the students‘ lack of competence in 

explaining the acid-base concept and chemical equilibrium (Demircioǧlu et al., 2005; Orgill & 

Sutherland, 2008; Orwat et al., 2017); error in interpreting the concept of acid-base strength 

(Tümay, 2016); difficulty in understanding the definition of salt hydrolysis and characteristics of salt 

(Sesen & Tarhan, 2011); and difficulty in reasoning the concept of formulation and capacity of 

buffer solution (Maratusholihah 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 understood at the item level and 

individual students. This information is crucial for teachers in making subsequent instructional 

decisions. 

Studies on misconception 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 that use 

raw scores as reference to obtain conclusion are rather limited in presenting relevant information 

regarding reasoning difficulties and misconception characteristics of items and students. 

Psychometrically, this approach tend to have limitations in measuring accurately (Pentecost & 

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 approach that employs probabilistic measurement that goes 

beyond raw score measurement (Boone & Staver, 2020; Liu, 2012; Wei et al., 2012). 

Research 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 & Potgieter, 

2016), measuring conceptual changes in hydrolysis (Laliyo et al., 2022), measuring scientific 

investigation competence (Arnold et al., 2018), investigating item difficulty (Barbera, 2013) and 

(Park & Liu, 2019), and identifying misconceptions in electrolytes and non-electrolytes (Lu & Bi, 

2016). In particular, research 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 misconceptions in concept of matter state change. In spite of this, research 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 inseparable 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 with a 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 intends 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 concept of salt hydrolysis:         ,      , and           

are analyzed by distractor-type multiple choices test. This test instrument is adapted from research 



reported by Tümay (2016) regarding misconceptions in acid-base reaction, Seçken (2010) on 

misconceptions in salt hydrolysis, Damanhuri et al. (2016) regarding acid-base strength, and Orwat 

et al. (2017) on misconception in dissolving process and reaction of ionic compounds with water 

and chemical equations. Distractor functions to magnify the diagnostic strength of items (Sadler, 

1999). The problems on these items are detected by option probability curve. Moreover, the item 

difficulty level is determined based on the size of item logit (Boone & Staver, 2020; Laliyo et al., 

2022; Linacre, 2020). By dichotomous score, the curve that is appropriate with the probability of 

correct answer choice usually increases monotonously along with the increase in students‘ 

understanding; while the curve for the distractor sequence tend to decline monotonously as the 

students‘ understanding increases (Haladyna, 2004; Haladyna & Rodriguez, 2013; Herrmann-Abell 

& Deboer, 2016). Items 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). The study points out three specific problems to 

be explored in this article: (1) How is the validity and reliability of the measurement instrument 

employed in this study? (2) How do the item reasoning difficulties of salt hydrolysis of ,         , 

and       differ from each other?  (3) In what ways the changes in item response curve and pattern 

can demonstrate item misconception patterns that tend to be resistant? 

 

Method 

 

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 is in the form of numbers, while each right 

answer on an item is 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 in the 

learning process and learning materials. In other words, no treatments were applied to students to 

ensure that they can answer all question items in the measurement instruments correctly. The 

research permit for this study were obtained from the government, the school administrative, and the 

university board of leaders. 

 

Respondents 

 

A total of 849 respondents were involved in this study. The respondents were 537 senior high 

school students (A), 165 university students majoring Chemistry Education (B), and 147 Chemistry 

students (C). The A group (16-17 age range) was selected from six leading schools in Gorontalo by 

random sampling technique. This technique allows the researchers to obtain the most representative 

sample from the entire population in focus. The senior high school population was divided into 

subgroups, where samples were selected randomly from the subgroups (Neuman, 2014). Meanwhile, 

the A and B group (19-21 age range) were determined randomly from the population of university 

students in Faculty of Mathematics and Natural Sciences in a state university in Gorontalo. Prior to 

conducting this study, the respondents in A group were confirmed to have learned formally about 

acid-base, properties of hydrolyzed salts, hydrolysis reactions, 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 to research principles and ethics as stipulated by the 

Institutional Review Board (IRB), students who are voluntarily involved in this research were asked 
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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 research instrument involved 30 items that measure the students‘ reasoning ability on 

concept of hydrolysis. The instrument was in the form of multiple-choices test that was adapted 

from our 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 that involves ten levels of constructs. A difference in level of reasoning construct 

represents the qualitative improvement of the measured construct (Wilson, 2009, 2012). These 

construct levels refers to the Curriculum Standard of Chemistry Subject in Eleventh Grade in 

Indonesia, as per the Regulation of Ministry of Education and Culture of Republic of Indonesia No. 

37/2018. Each level of construct has three typical items, for example, 1/Item1A, 6/Item1B, and 

11/Item1C. These items measure the level 1 construct, i.e., determining the characteristics of 

forming compounds of         ,      , and          . These three items are different from 

each other from the context of reasoning task of hydrolysis solution.  

 

Table 1 

Conceptual Map of Reasoning of Salt Hydrolysis 

Concept Reasoning Level 

Serial Number/Item/Context 

Reasoning Task 

A B C 

Level 1. Determining the properties of forming compounds of 

salt 

1/Item1A 6/Item1

B 

11/Item1

C 

Level 2. Explaining the properties of compounds that are 

completely and partially ionized in salt solutions 

16/Item2

A 

21/Item2

B 

26/Item2

C 

Level 3. Determining the properties of salt in water 2/Item3A I7tem3B 12/Item3

C 

Level 4. Explaining the properties of salt based on the forming 

compounds 

17/Item4

A 

22/Item4

B 

27/Item4

C 

Level 5. Determining types of hydrolysis reaction of salt 3/Item5A 8/Item5

B 

13/Item5

C 

Level 6. Explaining result of salt hydrolysis reaction 18/Item6

A 

23/Item6

B 

28/Item6

C 

Level 7. Calculating pH level of salt solution 4/Item7A 9/Item7

B 

14/Item7

C 

Level 8. Explaining pH calculation result of salt solution 19/Item8

A 

24/Item8

B 

29/Item8

C 

Level 9. Determine types of forming compounds of buffer 

solution 

5/Item9A 10/Item9

B 

15/Item9

C 

Level 10. Explaining the properties of buffer solution based 

on the forming compounds 

20/Item1

0A 

25/Item1

0B 

30Item1

0C 

Description: A =          salt solution, B =       salt solution, C =           salt solution 

 

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 
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often the case with traditional items, by providing answer choices that are considered reasonable, 

particularly for students who hold firmly to their misconceptions (Herrmann-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 & 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 relationship 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, Κ = .97, p<0,0001, 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 by researchers. Each 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 confirmed 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 interval data that have the same logit scale using the 

WINSTEPS 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 of items 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 different items (Bond & Fox, 2007). It combines algorithm of probabilistic expectation result of 

item ‗i‘ and student ‗n‘ as:                                                        . The 

statement                       is the probability of student n in the item i to generate a correct 

answer (x = 1); with the students‘ ability, ßn, and item difficulty level of     (Bond & Fox, 2015; 

Boone & Staver, 2020). If the algorithm function is applied into the previous equation, it will be 

                                    ; thus, the probability for a correct answer equals to the 

students‘ ability minus item difficulty level (Sumintono & Widhiarso, 2015). 

 The measures of students‘ ability (person)    and item difficulty level    are stated on a 

similar interval and are independent to each other, which are measured in an algorithm unit called 

odds or log that can vary from -00 to +00 (Herrmann-Abell & DeBoer, 2011; Sumintono & 

Widhiarso, 2015). The use of logit scale in Rasch model is the standard interval scale that shows the 

size of person and item. Boone et al. (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 represent 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).  

 

Results 
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Validity and Reliability of the Instruments 

The first step is to ensure the validity of test constructs by measuring the fit validity 

(Banghaei, 2008; Chan et al., 2021). This serves to determine the extent to which the item fits to the 

model, and because it is in accordance with the concept of singular attribute (Boone et al., 2014; 

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 MNSQ. Outfit is the chi-

square that is sensitive to the outlier. Items 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 mean box of Infit is 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 indicates that the average Outfit MNSQ of test item is 1.0 logit; this is in accordance 

with the ideal score range between 0.5-1.5 (Boone et 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 between 849 

students and the 30 KPIH test items is categorized as good. In other words, the instrument has 

excellent psychometric internal consistency and is considered a reliable instrument (Adams & 

Wieman, 2011; Boone & Staver, 2020; Sumintono & Widhiarso, 2015). The results of the 

unidimensionality measurement using Principal Component Analysis (PCA) of the residuals show 

that the raw data variance at 23.5%, meeting 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).  

 

Table 2  

Summary of Fit Statistics 

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

Measures (logit)   

Mean -.20 .00 

SE (standard error) .03 .14 

SD (standard deviasi) .99 .75 

Outfit mean square   

Mean 1.00 1.00 

SD .01 .02 

Separation 1.97 9.15 

Reliability .80 .99 

Cronbach‘s Alpha (KR-

20) 

.81  

 

The results of testing the quality of the item response pattern as well as the interaction between 

person and item show a high score of the separation item index (9.15 logit) and high item 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 researcher's 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 
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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 & Staver, 2020; 

Linacre, 2020). An item is considered as misfit if the measurement result of the item does not meet 

the three criteria of: Outfit mean square residual (MNSQ): .5 < y < 1.5; Outfit standardized mean 

square residual (ZSTD): -2 < Z < +2; and point measure correlation (PTMEA CORR): .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 

value is obtained, the item is considered acceptable; however, if a negative value is obtained, then 

the item is considered not functioning properly, or contains misconceptions (Bond & Fox, 2015; 

Boone et al., 2014; Sumintono & Widhiarso, 2015). Table 3 indicates that all items are in the Outfit 

MNSQ range, while 18 items are not in the Outfit ZSTD range, and 13 items are not in the Pt-

Measure Corr range, and there is no negative value for the Pt-Measure Corr criteria. There is no 

single item that does not meet all three criteria, so all items are retained. If only one or two criteria 

are not met, the item can still be used for measurement purposes.  

 

Table 3  

Item Fit Analysis 

Item Measure Infit MNSQ Outfit MNSQ Outfit ZSTD Pt. Mea. Corr 

Item1A -1.21 ,91 .82 -2.96* .44 

Item1B -.55 .94 .95 -1.13 .44 

Item1C -1.13 .95 .91 -1.53 .40 

Item2A -.69 1.05 1.07 1.91 .32* 

Item2B .00 1.09 1.16 3.84* .31* 

Item2C -.19 1.12 1.17 3.92* .28* 

Item3A -.26 .89 .90 -2.41* .49 

Item3B -.41 .87 .83 -4.31* .52 

Item3C -.89 .95 .86 -2.71* .43 

Item4A -.60 1.00 1.07 1.57 .36* 

Item4B -.59 .87 .84 -3.72* .50 

Item4C -.80 .95 .89 -2.11* .42 

Item5A -1.14 .98 .91 -1.45 .37* 

Item5B -.24 .96 .94 -1.55 .43 

Item5C -.87 .97 .89 -2.20* .41 

Item6A .37 .99 1.03 .57 .41 

Item6B .42 .96 .97 -.65 .44 

Item6C .22 .93 .91 -2.20* .48 

Item7A .50 .85 .83 -3.70* .55 

Item7B .45 .83 .82 -3.98* .56 

Item7C -.06 1.02 1.03 .64 .39* 

Item8A 1.16 .89 .90 -1.35 .49 

Item8B 1.58 1.11 1.22 2.20* .27* 

Item8C .16 1.11 1.12 2.70* .31* 

Item9A .49 1.16 1.40 7.40* .25* 
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Item9B .70 1.05 1.07 1.27 .36* 

Item9C .82 .99 1.06 1.06 .40 

Item10A .93 1.21 1.28 4.11* .21* 

Item10B .84 1.18 1.27 4.13* .23* 

Item10C .97 1.19 1.36 4.97* .21* 

Description: (*) is the items not in the range of Outfit MNSQ and Pt-Measure Corr. 

 

The third step is to measure the consistency between item difficulty level and students‘ ability 

level. Figure 1 below is a Wright map that shows the graphic representation of an increase in 

students ability and item difficulty level within the same logit scale (Bond & Fox, 2015). The higher 

the logit scale, the higher the 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 item'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 Item1A (-1.21 logit) is the easiest item. However, at the lower (<-1.21 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 (3.62 logit) were female (high school students: 221AF, 419AF, 477AF) and 

chemistry students 766CF; while the students with the lowest ability (-3.61 logit) are high school 

students 035AM, 082AF, and 102AM.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Wright Map: Person-Map-Item Comment [Reviewer23]: Poor quality 



 
 

Difference in Item Reasoning Difficulty of Salt Hydrolysis:         ,      , and           

 

Based on the size of logit value item (LVI), by dividing the distribution of measure of all logit 

items based on the average of item and deviation standard, the item reasoning difficult level of salt 

hydrolysis of         ,      , and           is categorized into four categories: easiest items to 

reason (LVI ≤ -.75 logit), easy items to reason (-.75 ≥ LVI ≥ .00 logit), difficult items to reason (.00 

≥ LVI ≥ .75 logit), and most difficult items to reason (LVI > .75 logit). 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, Item2A (-.69) and Item2C (-.19) are easier for students to reason 

than Item2B (.00). Second, the sequence of item difficulty in saline solutions of         ,      , 
and           is different and do not match the conceptual map (Table 1). For example, Item5A(-

1.14), was found to be easier to reason than Item2A(-.69), Item4A(-.60) and Item3A (-.26). In 

contrast, Item8B(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) 

Difficulty Level 
Item Code (logit)  

A B C 

Very Difficult: (LVI > .75 logit). 
Item8A(1.16) 

Item10A(.93) 

Item8B(1.58) 

Item10B(.84) 

Item10C(.97) 

Item9C(.82) 

Difficult: (.00 ≥ LVI ≥ .75 logit) 

Item7A(.50) 

Item9A(.49) 

Item6A(.37) 

 

Item9B(.70) 

Item7B(.45) 

Item6B(.42) 

Item2B(.00) 

Item6C(.22) 

Item8C(.12) 

Easy: (-.75 ≥ LVI ≥ .00 logit) 

Item3A(-.26) 

Item4A(-.60) 

Item2A(-69) 

 

Item5B(-.24) 

Item3B(-.41) 

Item1B(-.55) 

Item4B(-.59) 

Item7C(-.06) 

Item2C(-.19) 

 

Very Easy: (LVI ≤ -.75 logit). 

Item5A(-1.14) 

Item1A(-1.21) 

 

-- Item4C(-.80) 

Item5C(-.87) 

Item3C(-.89) 

Item1C(-1.13) 

Description:  A =            saline solution, B =       salt solution, C =           salt 

solution 

  

The testing of difference of item reasoning difficulty level from the difference of students‘ 

grade level applied 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, the DIF contrast value is less than 0.5 or more than 0.5, and the probability (p) value 

is less than 0.05 or more than 0.05 (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), 

Item10B(.84), Item10A(.93), Item8A(1.16), and Item8B(1.58). Moreover, four curves that approach 

the lower limit are items with low reasoning difficulty level, i.e.: Item1A(-1.21), Item5A(-1.14), 

Item3C(-.89), and Item5C(-.87).  

 

Figure 2. Person DIF plot based on Difference of Students’ Grade Level 

 
Note: A = Senior High School students, B = Chemistry Education university students, C = 

Chemistry university students 

 

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, Item8A was more difficult than 
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Item8B. In other words, the characteristics 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 

The option probability curve is applied to detect the response pattern of students' choice of 

answers on each item. This curve provides a visual image of the distribution of correct answer 

choices and distractor answer choices (containing misconceptions) across the spectrum of students' 

knowledge (starting from high school students, chemistry education students, and chemistry 

students). This allows the researchers to evaluate if the shape of the curve is fit for purpose, or if 

there is something unusual that indicates a structured problem with an item. The shape of the curve 

can show a 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 this article, we present the sample of option probability curve for three items: Item8A, 

Item8B, and Item8C. 

Sample 1 

Figure 3 (a) displays Item8A (1.16 logit) that tests the students‘ reasoning on the pH 

calculation results of         . The 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    ). 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    ), 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      
  ). Meanwhile, students with abilities greater 

than -3.0 choose the correct answer D (pH level of the solution > 7 resulting from the hydrolysis 

reaction of ion      
  ). The pattern of responses produced by students at this level of ability is 

understandable. At the lowest level, students do not understand the calculation of pH and ions 

resulting from the salt hydrolysis reaction (answer choice A). When their 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 

     
  . 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.  

 

 

 

 

 

 

Figure 3. (a) Sample of Item8A (1.16 logit) Tests the Students’ Reasoning on pH Calculation Result 

of         , (b) Option Probability Curve of the Said Item. 



 
 

Sample 2 

Figure 4 (a) displays Item8B (1.58 logit) that tests the students‘ reasoning on the pH 

calculation results of      . The option probability curve of this item is shown in Figure 4 (b).  

 

Figure 4. (a) Sample Item8B (1.58 logit) Testing the Students’ Reasoning on pH Calculation Result 

of       (b) the Option Probability Curve of the Said Item 

 
 

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    ). The answer B (pH level of the solution > 7 resulting from the 

hydrolysis reaction of ion    ) and answer C (pH level of the solution < 7 resulting from the 

hydrolysis reaction of ion     ) show two curve peaks in the probability of students‘ ability 

between -4.0 and +1.0 logit. Meanwhile, the answer D (pH level of the solution > 7 resulting from 

the hydrolysis reaction of ion     ) increases along 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 Item 8A. In addition, the visualization of 



answer choices B and C curves is seen with three peaks, reflecting unusual or odd curves, which 

decrease as understanding increases. 

 

Sample 3 

Figure 5 (a) displays Item8C (.12 logit) that tests the students‘ reasoning on the pH 

calculation results of          . 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          , (b) Option Probability Curve of the Said Item 

 
 

The probability of answer A (pH level of the solution < 7 resulting from the hydrolysis 

reaction of ion    
 ) is the highest for students with lowest reasoning ability (between <-3.0 and 

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 reaction of ion    
  

) 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    
  

) is at the ability range of high-

ability students (<2.0 logit). The correct answer B (pH level of the solution > 7 resulting from the 

hydrolysis reaction of ion    
 ) at the ability range between -4.0 and 5.0 logit increases 

monotonously along with the decline in curve A, C, and D.  

It is 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 forms, namely the 0 and 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 Item8C, 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 Item8A), 

049AF(2.07) and 094AM(2.07) choosing the misconception answer C (for Item8B), and 

659BF(2.41) choosing the misconception answer A (for Item8B). Item8C) is a different pattern of 

misconceptions.  
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Scalogram Analysis 

 
 

Discussion and Conclusions 

 

The findings of the study has shown empirical evidence regarding the validity and reliability 

of the measurement instruments at a very good level. On top of that, it is also highlighted that: (1) 

the order of item reasoning difficulty level of salt hydrolysis of         ,      , and           

is different (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 difficulty level of similar items is different, it 

is possible that it occurs due to different student responses, where low-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 curve and the pattern of item misconceptions shows the proof that 

high-ability students tend to have a resistant item misconception response pattern.  

The item misconception patterns of the students are rather resistant, for example: answer B 

(pH level of the solution > 7 resulting from the hydrolysis reaction of ion    ) for Item8A, answer 

B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion    ) for Item8B, and 

answer D (pH level of the solution > 7 resulting from the hydrolysis reaction of ion    
  

) for 

Item8C.  It can be seen that all three show the same pattern of misconceptions, in terms of: (a) the 

pH value of the solution is > 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 correctly and tend to find it difficult to reason about the 

hydrolysis reaction of salt solutions. For example, the hydrolysis reaction:               
  

    
  , where ion    

                    and excess of ion    cause pH level of the 

solution to be < 7 and acidic. In addition, the hydrolysis reaction of salt:                 , 

where ion      that reacts with water becomes                       , excess of ion     

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    and     

towards the pH change of saline solution. This finding supports Tümay‘s (2016) conclusion, that 

most of students are unable to conceptualize properties acid-base and strength of acid as the property 

that results from interaction between many factors.  

The findings of this study are also supported by Orwat et al. (2017), 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 

Comment [Reviewer25]: Discussion and 

Conclusions should be separate parts. Separation 

allows the reader to clearly identify what was found 

against the literature and author's contributions 

 

Comment [Reviewer26]: results 



compounds as well as to write down salt hydrolysis reaction equations that meet the principles of 

chemical equilibrium. Therefore, they experience difficulty calculating the pH of the saline solution. 

This supports the conclusions of Damanhuri et al. (2016), that students have difficulty in explaining 

the nature of acid-base, strong base and weak base, despite that more than 80% of them understand 

that ionized acids in water produce ion    and that the pH level of neutral solution equals to 7, as 

well as be able to write down the chemical equation for reaction between acid and base.  The 

previous findings also strengthen the study by Solihah (2015), that students assume that the addition 

of a small amount of strong acid and strong base 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 affects the shift in equilibrium. Experts argue that difficulties in understanding the 

nature of acid-base tend to be influenced by the cultural background of students, and therefore their 

understanding becomes different and inconsistent (Chiu, 2007; Kala et al., 2013; Lin & Chiu, 2007).  

 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 pattern 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 appropriate and measurable instructional strategies. 

The study shows how to combine the procedures of qualitative item development and quantitative 

data analysis that allow us to investigate deeper regarding the reasoning difficulties and 

misconceptions on hydrolysis. The example of using the 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 

misconceptions that are commonly experienced by high-ability learners.  

 

Conclusions? 
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Abstract. This study evaluates the difficulties in concept reasoning, changes in response patterns, and item 18 
misconception hydrolysis patterns using Rasch modeling. Data were collected through the development of 30 19 
distractor-based diagnostic test items, measuring ten levels of conceptual reasoning ability in three types of 20 
salt hydrolysis compounds:         ,       and          . These 30 written test items were completed 21 
by 849 students in Gorontalo, Indonesia. The findings show empirical evidence of the reliability and validity 22 
of the measurement. Further analysis found that the students’ reasoning difficulty levels of the concept of 23 
saline solutions were varied; the calculation of saline solution’s pH level is the most difficult construct to 24 
reason. In particular items, changes in response patterns were found; the misconception curve showed a 25 
declining trend and disappeared along with the increase of comprehension along the spectrum of students’ 26 
abilities. The item misconceptions pattern was found repeatedly in similar items. This finding strengthens the 27 
conclusion that resistant misconceptions potentially tend to cause students' conceptual reasoning difficulties 28 
and are difficult to diagnose in conventional ways. This study contributes to developing ways of diagnosing 29 
resistant misconceptions and being a reference for teachers and researchers in evaluating students' chemical 30 
conceptual reasoning difficulties based on Rasch modeling.This study seeks to apply Rasch modelling to 31 
explore difficulties in concept reasoning, changes in response pattern, and item misconception patterns of 32 
hydrolysis. The analysis adopted an individual-centered statistic approach that allows the measurement up to 33 
the individual scale of each student and each item. A distractor-based multiple-choice diagnostic test 34 
instrument was developed to measure in strata ten levels of reasoning constructs of salt hydrolysis: 35 

        ,       and          . A total of 30 written test items were completed by 849 students in 36 
Gorontalo, Indonesia. The raw scores of measurement results were converted into data with similar logit 37 
scales by WINSTEPS 4.5.5 version. The findings of this study showed that students’ reasoning difficulty level 38 

of concept of saline solutions of         ,      , and            were varied. Calculation of saline 39 
solution’s pH level is the most difficult construct to reason. In certain cases of particular items, changes of 40 
response pattern was found, in which the misconception curve showed a declining trend and disappeared 41 
along with the increase of comprehension along the spectrum of students’ ability. This indicated a hierarchy 42 
of misconceptions which are specific to a particular item. The result of scalogram analysis showed an 43 
evidence in the form of item misconception pattern that was similar to other identical items in high-ability 44 
students. This pattern was marked as a rather resistant item misconception. This study’s findings are the 45 
proof of the advantages of Rasch modelling as well as the reference for teachers in evaluating the students’ 46 
barriers in concept reasoning and misconception. 47 
Keywords: evaluation, reasoning difficulties, hydrolysis, misconception, Rasch model., students. 48 
 49 
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 52 

Introduction 53 
Chemistry learning is not only intended to transfer knowledge and skills but also to build 54 

higher-order thinking skills (analytical, creative, critical, synthetic, and innovative) in students. 55 

Developing this ability requires correct conceptual mastery of chemistry so that students can use 56 

their knowledge to solve problems. Unfortunately, students often experience obstacles in developing 57 

these abilities, which tend to be caused by the learning difficulties they experience. Many factors 58 

can cause the cause of this difficulty; one of which potentially hinders the conceptual development 59 

of students is the difficulty of conceptual reasoning and misconceptions. 60 

Difficulties in concept reasoning are often indicated as one of learning barriers that students 61 

find in solving problems due to their lack in utilizing conceptual understanding in an accurate and 62 

scientific fashion (Gabel, 1999; Gette et al., 2018). Experts argue that all students – in all 63 

educational level – oftentimes do not understand; or only few who understand; or find difficulties in 64 

elaborating the linkages between concepts (Johnstone, 1991; Taber, 2019), as well as difficulties in 65 

explaining social-scientific problems with the knowledge in chemistry that they have learned in 66 

school (Bruder & Prescott, 2013; Kinslow et al., 2018; Owens et al., 2019). These types of 67 

difficulties commonly take place due to the students‘ conceptual understanding that they form 68 

according to their own thought process (Ausubel et al., 1978; Yildirir & Demirkol, 2018). This 69 

refers to the understanding that is formed based on the sensory impressions, cultural environment, 70 

peers, learning media, and learning process in class (Chandrasegaran et al., 2008; Lu & Bi, 2016), 71 

that contains misconception yang mengandung miskonsepsi (Johnstone, 2006, 2010; Taber, 2002, 72 

2009), and is divergent from scientific concepts (Alamina & Etokeren, 2018; Bradley & Mosimege, 73 

1998; Damanhuri et al., 2016; Orwat et al., 2017; Yaşar et al., 2014).  74 

Misconceptions that are resistant (Hoe & Subramaniam, 2016) tend to hinder the correct 75 

process of conceptual reasoning (Soeharto & Csapó, 2021), as students will find difficulties in 76 

receiving and/or even rejecting new insights when they are inconsistent and contrary to their own 77 

understanding (Allen, 2014; Damanhuri et al., 2016; Jonassen, 2010; Soeharto et al., 2019). These 78 

types of misconception come in various forms (Aktan, 2013; Orwat et al., 2017). Therefore, it is 79 

crucial to understand how these misconception occur in the process of concept reasoning in order to 80 

formulate proper strategies to develop students‘ understanding that is accurate and scientific 81 

(Chandrasegaran et al., 2008; Kolomuç & Çalik, 2012; Sunyono et al., 2016).  82 

Salt hydrolysis is one of the concepts in chemistry that students often find it difficult to 83 

understand (Damanhuri et al., 2016; Orwat et al., 2017; Tümay, 2016). This issue has been explored 84 

by numerous research, and they commonly agree that misconception is one of the contributing 85 

factors. Misconceptions in salt hydrolysis are often caused by the difficulties in reasoning the 86 

submicroscopic dynamic interaction of buffer solution due to the students‘ lack of competence in 87 

explaining the acid-base concept and chemical equilibrium (Demircioǧlu et al., 2005; Orgill & 88 

Sutherland, 2008; Orwat et al., 2017); error in interpreting the concept of acid-base strength 89 

(Tümay, 2016); difficulty in understanding the definition of salt hydrolysis and characteristics of salt 90 

(Sesen & Tarhan, 2011); and difficulty in reasoning the concept of formulation and capacity of 91 

buffer solution (Maratusholihah et al., 2017; Sesen & Tarhan, 2011; Tarhan & Acar-Sesen, 2013). 92 

The various studies above can conclude the types of concepts that are misunderstood by students, 93 

however, generally there are no studies that are able to explain the relationship between these 94 

misconceptions and how these misconception patterns are understood at the item level and 95 

individual students. This information is crucial for teachers in making subsequent instructional 96 

decisions. 97 

Studies on misconception commonly use raw scores as the reference. However, raw scores do 98 

not refer to final version of data. Therefore, they lack in-depth information to be used as reference in 99 

formulating conclusions (He et al., 2016; Sumintono & Widhiarso, 2015). Hence, research that use 100 
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raw scores as reference to obtain conclusion are rather limited in presenting relevant information 101 

regarding reasoning difficulties and misconception characteristics of items and students. 102 

Psychometrically, this approach tend to have limitations in measuring accurately (Pentecost & 103 

Barbera, 2013), due to the difference of scales in the measurement characteristics (Linn & Slinde, 104 

1977). To solve the limitation of conventional psychometric analysis method (Linacre, 2020; Perera 105 

et al., 2018; Sumintono, 2018), an approach of Rasch model analysis was applied. This analysis 106 

adopts an individual-centered statistical approach that employs probabilistic measurement that goes 107 

beyond raw score measurement (Boone & Staver, 2020; Liu, 2012; Wei et al., 2012). 108 

Research on misconceptions in chemistry that use Rasch modelling were focusing on 109 

diagnosing the changes in students‘ understanding and learning progress (Hadenfeldt et al., 2013), 110 

measuring the content knowledge by pedagogical content knowledge (Davidowitz & Potgieter, 111 

2016), measuring conceptual changes in hydrolysis (Laliyo et al., 2022), measuring scientific 112 

investigation competence (Arnold et al., 2018), investigating item difficulty (Barbera, 2013) and 113 

(Park & Liu, 2019), and identifying misconceptions in electrolytes and non-electrolytes (Lu & Bi, 114 

2016). In particular, research on misconceptions in chemistry by (Herrmann-Abell & DeBboer, 115 

2016; Herrmann-Abell & DeBoer, 2011) were able to diagnose the misconception structures and 116 

detect problems on the items. Grounding from this, a study by Laliyo et al. (2020) was able to 117 

diagnose resistant misconceptions in concept of matter state change. In spite of this, research on 118 

misconceptions that evaluate reasoning difficulties and misconceptions are still relatively limited.  119 

Concept reasoning difficulties and misconceptions often attach to a particular context, and 120 

thus are inseparable from the said context in which the content is understood (Davidowitz & 121 

Potgieter, 2016; Park & Liu, 2019). Students might be capable of developing an understanding that 122 

is different to the context if it involves a ground and scientific concept. However, misconceptions 123 

tend to be more sensitive and attached with a context (Nehm & Ha, 2011). The term ‗context‘ in this 124 

study refers to a scientific content or topic (Cobb & Bowers, 1999; Grossman & Stodolsky, 1995; 125 

Park & Liu, 2019). The incorporation of context in research on misconceptions that apply Rasch 126 

model analysis opens up a challenging research area to be explored. This study intends to fill the 127 

literature gap by emphasizing the strength and the weakness of Rasch model in evaluating 128 

conceptual reasoning and estimating resistant item misconception patterns. 129 

The reasoning difficulties of concept of salt hydrolysis:         ,      , and           130 

are analyzed by distractor-type multiple choices test. Each item contains one correct answer choice 131 

and three answer choices designed on a distractor basis. The answer choices of this distractor are 132 

answer choices that are generally understood by students but contain misconceptions. The design of 133 

tThis misconception test instrument is adapted from research reported by Tümay (2016) regarding 134 

misconceptions in acid-base reaction, Seçken (2010) on misconceptions in salt hydrolysis, 135 

Damanhuri et al. (2016) regarding acid-base strength, and Orwat et al. (2017) on misconception in 136 

dissolving process and reaction of ionic compounds with water and chemical equations. ADistractor 137 

functions to magnify the diagnostic strength of items (Sadler, 1999). ccording to Sadler (1999) and 138 

Herrmann-Abell & DeBoer (2011), distractor answer choices can minimize students giving answers 139 

by guessing; therefore, it increases the diagnostic power of the item. The distractor answer choice 140 

allows students to choose an answer according to their logical understanding of what they 141 

understand. 142 

The problems on these items are detected by option probability curve, in which. Moreover, the 143 

item difficulty level is determined based on the size of item logit (Boone & Staver, 2020; Laliyo et 144 

al., 2022; Linacre, 2020). By dichotomous score, the curve that is appropriate with the probability of 145 

correct answer choice usually increases monotonously along with the increase in students‘ 146 

understanding; while the curve for the distractor sequence tend to decline monotonously as the 147 

students‘ understanding increases (Haladyna, 2004; Haladyna & Rodriguez, 2013; Herrmann-Abell 148 

& DeBboer, 2016). Items influenced by distractors will usually generate a curve that deviates from 149 
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the monotonous behavior of traditional items (Herrmann-Abell & DeBboer, 2016; Herrmann-Abell 150 

& DeBoer, 2011; Sadler, 1998; Wind & Gale, 2015). The study points out three specific problems to 151 

be explored in this article: (1) How is the validity and reliability of the measurement instrument 152 

employed in this study? (2) How do the item reasoning difficulties of salt hydrolysis of ,         , 153 

and       differ from each other?  (3) In what ways the changes in item response curve and pattern 154 

can demonstrate item misconception patterns that tend to be resistant? 155 

 156 

Problem Statement 157 

 158 

Considering the previous explanation, this study is intended to answer the following questions. 159 

First, how is the validity and reliability of the measurement instrument employed in this study? This 160 

question is intended to explain the effectiveness of the measurement instrument and how valid the 161 

resulting data is, including explaining whether the measurement data is in accordance with the 162 

Rasch model. The test parameters used are the validity of the test constructs, summary of fit 163 

statistics, item fit analysis, and Wright maps. 164 

Second, how does the item reasoning difficulties of salt hydrolysis of          and       165 

differ from each other? This question is to explain how the reasoning difficulties of students in 166 

different classes differ. Are there items that are responded to differently by the class of students seen 167 

from the same construct level? In addition, from the point of view of differences in item difficulty, it 168 

can be identified in strata, which construct the level of conceptual reasoning tends to be the most 169 

difficult for students to reason. 170 

Third, based on changes in the misconception answer choice curve on an item, can it be 171 

diagnosed that the response pattern of students' items shows resistant misconceptions? This question 172 

is to detect a hierarchy of misconception answer choice curves on an item, which decreases as 173 

understanding increases along the spectrum of students' abilities. This hierarchy indicates that there 174 

is a dominant problem or difficulty experienced by students on the item in question; this can be 175 

proven by the response pattern of misconceptions on certain items, which are repeated on other 176 

similar items at the same construct level. If three similar items are found showing the same pattern 177 

of response choices for misconceptions, then this shows that there is a tendency for students' 178 

misconceptions to be resistant in the construct in question. 179 

 180 

Method 181 

 182 
Research Design 183 

 184 

The study employed a non-experimental descriptive-quantitative approach, in which the measured 185 

variable was students‘ reasoning ability of concept of hydrolysis. The measured variable involved 186 

ten levels of constructs, where each construct has three typical items from different contexts of 187 

reasoning tasks. The measurement result wasis in the form of numbers, while each right answer on 188 

an item wais given a score. The numbers represent the abstract concepts that are measured 189 

empirically (Chan et al., 2021; Neuman, 2014). No interventions in any way were made in the 190 

learning process and learning materials. In other words, no treatments were applied to students to 191 

ensure that they can answer all question items in the measurement instruments correctly. The scope 192 

of the construct comprised properties of salt-forming compounds, properties of salts in water, 193 

properties of salts based on their constituent compounds, types of salt hydrolysis reactions, 194 

calculation of pH, types of compounds forming buffer solutions, and properties of buffer solutions 195 

based on their constituent compounds. The research was conducted for six months, from January to 196 

June 2022.  The research permit for this study were obtained from the government, the school 197 

administrative, and the university board of leaders. 198 
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 199 
Respondents 200 

 201 
A total of 849 respondents were involved in this study. The respondents were 537 upper-202 

secondary senior high school students (A), 165 university students majoring Chemistry Education 203 

(B), and 147 Chemistry students (C). The reason for selecting respondents in strata is to estimate 204 

that the difficulty of reasoning on certain items may be experienced by respondents at all grade 205 

levels.  The A group (16-17 age range) was selected from six leading schools in Gorontalo by 206 

random sampling technique. This technique allows the researchers to obtain the most representative 207 

sample from the entire population in focus. In Gorontalo, there were 62 public upper-secondary 208 

schools spread over six districts/cities. Each area was randomly assigned to one school, and the 209 

sample was randomly selected from every eleventh grade in those schools (Neuman, 2014). 210 

Meanwhile, students B and C (aged 19-21 years) were randomly selected from a population of 1200 211 

students from the Faculty of Mathematics and Natural sciences, from one of the universities in 212 

Gorontalo, Indonesia. The senior high school population was divided into subgroups, where samples 213 

were selected randomly from the subgroups (Neuman, 2014). Meanwhile, the A and B group (19-21 214 

age range) were determined randomly from the population of university students in Faculty of 215 

Mathematics and Natural Sciences in a state university in Gorontalo. Prior to conducting this study, 216 

the respondents in A group were confirmed to have learned formally about acid-base, properties of 217 

hydrolyzed salts, hydrolysis reactions, pH calculations, and buffer solution reactions. For the B and 218 

C group, these concepts were re-learned in the Basic Chemistry and Physical Chemistry courses. 219 

With regard to research principles and ethics as stipulated by the Institutional Review Board (IRB), 220 

students who are voluntarily involved in this research were asked for their consent, and they were 221 

notified that their identities are kept confidential, and the information obtained is only intended for 222 

scientific development (Taber, 2014).  223 

 224 
Development of Instruments 225 

 226 

The research instrument involved 30 items that measure the students‘ reasoning ability on 227 

concept of hydrolysis. The instrument was in the form of multiple-choices test that was adapted 228 

from our previous study (Laliyo et al., 2022; Suteno et al., 2021), and developed by referring to the 229 

recommendations from Wilson (2005). Table 1 shows the conceptual map of reasoning of salt 230 

hydrolysis that involves ten levels of constructs. A difference in level of reasoning construct 231 

represents the qualitative improvement of the measured construct (Wilson, 2009, 2012). These 232 

construct levels refers to the Curriculum Standard of Chemistry Subject in Eleventh Grade in 233 

Indonesia, as per the Regulation of Ministry of Education and Culture of Republic of Indonesia No. 234 

37/2018. Each level of construct has three typical items, for example, 1/Item1A, 6/Item1B, and 235 

11/Item1C. These items measure the level 1 construct, i.e., determining the characteristics of 236 

forming compounds of         ,      , and          . These three items are different from 237 

each other from the context of reasoning task of hydrolysis solution.  238 

 239 

Table 1 240 
Conceptual Map of Reasoning of Salt Hydrolysis 241 

Concept Reasoning Level 

Serial Number/Item/Context 

Reasoning Task 

A B C 

Level 1. Determining the properties of forming compounds of 

salt 

1/Item1A 6/Item1

B 

11/Item1

C 
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Level 2. Explaining the properties of compounds that are 

completely and partially ionized in salt solutions 

16/Item2

A 

21/Item2

B 

26/Item2

C 

Level 3. Determining the properties of salt in water 2/Item3A I7tem3B 12/Item3

C 

Level 4. Explaining the properties of salt based on the forming 

compounds 

17/Item4

A 

22/Item4

B 

27/Item4

C 

Level 5. Determining types of hydrolysis reaction of salt 3/Item5A 8/Item5

B 

13/Item5

C 

Level 6. Explaining result of salt hydrolysis reaction 18/Item6

A 

23/Item6

B 

28/Item6

C 

Level 7. Calculating pH level of salt solution 4/Item7A 9/Item7

B 

14/Item7

C 

Level 8. Explaining pH calculation result of salt solution 19/Item8

A 

24/Item8

B 

29/Item8

C 

Level 9. Determine types of forming compounds of buffer 

solution 

5/Item9A 10/Item9

B 

15/Item9

C 

Level 10. Explaining the properties of buffer solution based 

on the forming compounds 

20/Item1

0A 

25/Item1

0B 

30Item1

0C 

Description: A =          salt solution, B =       salt solution, C =           salt solution 

 242 

Each item was designed with four answer choices, with one correct answer and three distractor 243 

answers. The distractor functions to prevent students from guessing the correct answer choice, as is 244 

often the case with traditional items, by providing answer choices that are considered reasonable, 245 

particularly for students who hold firmly to their misconceptions (Herrmann-Abell & DeBboer, 246 

2016; Herrmann-Abell & DeBoer, 2011; Naah & Sanger, 2012; Sadler, 1998). A score of 1 is given 247 

for the correct answer, while 0 is given for the incorrect answers. The probability of guessing each 248 

correct answer choice is relatively small, only 0.20 (Lu & Bi, 2016). Students will only choose an 249 

answer that is according to their comprehension. If the distractor answer choices on each item work 250 

well, the correct answer choices on each item should not be easy to guess (Herrmann-Abell & 251 

DeBboer, 2016; Herrmann-Abell & DeBoer, 2011).  252 

The congruence of the relationship between constructs and items, or the suitability of answer 253 

choices with the level of the item's reasoning construct, or congruence of content with the constructs 254 

measured by (Wilson, 2005, 2008) were confirmed through the validation of three independent 255 

experts, i.e., one professor in chemistry education and two doctors in chemistry. The three expert 256 

validators agreed to determine Fleiss measure, Κ = .97, p<0.,0001, or that the item validity arrived at 257 

‗good‘ category (Landis & Koch, 1977). 258 

 259 
Data Collection 260 

 261 

The data collection was conducted face-to-face, at school supervised by classroom teachers 262 

and on campus supervised by researchers. Each respondent was asked to give written response 263 

through the answer sheet provided. All students were asked to work on all items according to the 264 

allotted time (45 minutes). Instrument manuscripts were collected right after the respondents 265 

finished giving responses, and the number of instruments was confirmed to be equal to the number 266 

of participating students. The data obtained in the previous process were still in the form of ordinal 267 

data. The data were then converted into interval data that have the same logit scale using the 268 
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WINSTEPS software version 4.5.5 (Bond & Fox, 2015; Linacre, 2020). The result is a data 269 

calibration of the students‘ ability and the level of difficulty of items in the same interval size.  270 

 271 
Conducting Rasch Analysis 272 

 273 

The Rasch model analysis is able to estimate students‘ abilities and stages of development in 274 

each item (Masters, 1982). This allows the researchers to combine different responses opportunities 275 

for different items (Bond & Fox, 2007). It combines algorithm of probabilistic expectation result of 276 

item ‗i‘ and student ‗n‘ as:                                                        . The 277 

statement                       is the probability of student n in the item i to generate a correct 278 

answer (x = 1); with the students‘ ability, ßn, and item difficulty level of     (Bond & Fox, 2015; 279 

Boone & Staver, 2020). If the algorithm function is applied into the previous equation, it will be 280 

                                    ; thus, the probability for a correct answer equals to the 281 

students‘ ability minus item difficulty level (Sumintono & Widhiarso, 2015). 282 

 The measures of students‘ ability (person)    and item difficulty level    are stated on a 283 

similar interval and are independent to each other, which are measured in an algorithm unit called 284 

odds or log that can vary from -00 to +00 (Herrmann-Abell & DeBoer, 2011; Sumintono & 285 

Widhiarso, 2015). The use of logit scale in Rasch model is the standard interval scale that shows the 286 

size of person and item. Boone et al. (2014) argue that ordinal data cannot be assumed as linear data, 287 

therefore cannot be treated as a measurement scale for parametric statistic. The ordinal data are still 288 

raw and do not represent the measurement result data (Sumintono, 2018).  The size of data (logit) in 289 

Rasch model is linear, thus, can be used for parametric statistical test with better congruence level 290 

compared to the assumption of statistical test that refers to raw score (Park & Liu, 2019).  291 

 292 

Results 293 

 294 
Validity and Reliability of the Instruments 295 

The first step is to ensure the validity of test constructs by measuring the fit validity 296 

(Banghaei, 2008; Chan et al., 2021). This serves to determine the extent to which the item fits to the 297 

model, and because it is in accordance with the concept of singular attribute (Boone et al., 2014; 298 

Boone & Noltemeyer, 2017; Boone & Staver, 2020). The mean square residual (MNSQ) shows the 299 

extent of impact of any misfit with two forms of Outfit MNSQ and Infit MNSQ. Outfit is the chi-300 

square that is sensitive to the outlier. Items with outliers are often guess answers that happen to be 301 

correct chosen by low-ability students, and/or wrong answers due to carelessness for high-ability 302 

students. The mean box of Infit is influenced by the response pattern with focus on the responses 303 

that approach the item difficulty or the students‘ ability. The expected value of MNSQ is 1.0, while 304 

the value of PTMEA Corr. is the correlation between item scores and person measures. This value is 305 

positive and does not approach zero (Bond & Fox, 2015; Boone & Staver, 2020; Lu & Bi, 2016).  306 

Table 2 indicates that the average Outfit MNSQ of test item is 1.0 logit; this is in accordance 307 

with the ideal score range between 0.5-1.5 (Boone et al., 2014). This means that the item is 308 

categorized as productive for measurement and has a logical prediction. The reliability value of the 309 

Cronbach's Alpha (KR-20) raw score test is 0.81 logit, indicating the interaction between 849 310 

students and the 30 KPIH test items is categorized as good. In other words, the instrument has 311 

excellent psychometric internal consistency and is considered a reliable instrument (Adams & 312 

Wieman, 2011; Boone & Staver, 2020; Sumintono & Widhiarso, 2015). The results of the 313 

unidimensionality measurement using Principal Component Analysis (PCA) of the residuals show 314 

that the raw data variance at 23.5%, meeting the minimum requirements of 20% (Boone & Staver, 315 

2020; Sumintono & Widhiarso, 2014). This means that the instrument can measure the ability of 316 

students in reasoning hydrolysis items very well (Chan et al., 2021; Fisher, 2007; Linacre, 2020).  317 
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 318 

Table 2  319 
Summary of Fit Statistics 320 

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

Measures (logit)   

Mean -.20 .00 

SE (standard error) .03 .14 

SD (standard 

deviationsi) 

.99 .75 

Outfit mean square   

Mean 1.00 1.00 

SD .01 .02 

Separation 1.97 9.15 

Reliability .80 .99 

Cronbach‘s Alpha (KR-

20) 

.81  

 321 

The results of testing the quality of the item response pattern as well as the interaction between 322 

person and item show a high score of the separation item index (9.15 logit) and high item reliability 323 

index (.99 logit); this is the evidence of the level of students' reasoning abilities and supports the 324 

construct validity of the instrument (Boone & Staver, 2020; Linacre, 2020). The higher the index 325 

(separation and reliability) of the items, the stronger the researcher's belief about replication of the 326 

placement of items in other students that are appropriate (Boone et al., 2014; Boone & Staver, 2020; 327 

Linacre, 2020). The results of the measurement of the person separation index (1.97 logit) and the 328 

person reliability index (.80 logit) indicate that there is a fairly good instrument sensitivity in 329 

distinguishing the level of reasoning abilities of high-ability and low-ability students. The average 330 

logit of students is -.20 logit, indicating that all students are considered to have the abilities below 331 

the average test item (.00 logit). The deviation standard is at .99 logit, displaying a fairly wide 332 

dispersion rate of item reasoning ability of hydrolysis in students (Boone et al., 2014; Boone & 333 

Staver, 2020; Linacre, 2020).  334 

The second step is to ensure the item quality by statistic fit test (Boone & Staver, 2020; 335 

Linacre, 2020). An item is considered as misfit if the measurement result of the item does not meet 336 

the three criteria of: Outfit mean square residual (MNSQ): .5 < y < 1.5; Outfit standardized mean 337 

square residual (ZSTD): -2 < Z < +2; and point measure correlation (PTMEA CORR): .4 < x < 338 

.8.Outfit ZSTD value serves to determine that the item has reasonable predictability. Meanwhile, the 339 

Pt-Measure Corr value is intended to check whether all items function as expected. If a positive 340 

value is obtained, the item is considered acceptable; however, if a negative value is obtained, then 341 

the item is considered not functioning properly, or contains misconceptions (Bond & Fox, 2015; 342 

Boone et al., 2014; Sumintono & Widhiarso, 2015). Table 3 indicates that all items are in the Outfit 343 

MNSQ range, while 18 items are not in the Outfit ZSTD range, and 13 items are not in the Pt-344 

Measure Corr range, and there is no negative value for the Pt-Measure Corr criteria. There is no 345 

single item that does not meet all three criteria, so all items are retained. If only one or two criteria 346 

are not met, the item can still be used for measurement purposes.  347 

 348 

Table 3  349 
Item Fit Analysis 350 

Item Measure Infit MNSQ Outfit MNSQ Outfit ZSTD 
Point 

Measure 
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CorrelationPt. 

Mea. Corr 

Item1A -1.21 ,91 .82 -2.96* .44 

Item1B -.55 .94 .95 -1.13 .44 

Item1C -1.13 .95 .91 -1.53 .40 

Item2A -.69 1.05 1.07 1.91 .32* 

Item2B .00 1.09 1.16 3.84* .31* 

Item2C -.19 1.12 1.17 3.92* .28* 

Item3A -.26 .89 .90 -2.41* .49 

Item3B -.41 .87 .83 -4.31* .52 

Item3C -.89 .95 .86 -2.71* .43 

Item4A -.60 1.00 1.07 1.57 .36* 

Item4B -.59 .87 .84 -3.72* .50 

Item4C -.80 .95 .89 -2.11* .42 

Item5A -1.14 .98 .91 -1.45 .37* 

Item5B -.24 .96 .94 -1.55 .43 

Item5C -.87 .97 .89 -2.20* .41 

Item6A .37 .99 1.03 .57 .41 

Item6B .42 .96 .97 -.65 .44 

Item6C .22 .93 .91 -2.20* .48 

Item7A .50 .85 .83 -3.70* .55 

Item7B .45 .83 .82 -3.98* .56 

Item7C -.06 1.02 1.03 .64 .39* 

Item8A 1.16 .89 .90 -1.35 .49 

Item8B 1.58 1.11 1.22 2.20* .27* 

Item8C .16 1.11 1.12 2.70* .31* 

Item9A .49 1.16 1.40 7.40* .25* 

Item9B .70 1.05 1.07 1.27 .36* 

Item9C .82 .99 1.06 1.06 .40 

Item10A .93 1.21 1.28 4.11* .21* 

Item10B .84 1.18 1.27 4.13* .23* 

Item10C .97 1.19 1.36 4.97* .21* 

Description: (*) is the items not in the range of Outfit MNSQ and Point t-Measure 

Correlation. 

 351 
The third step is to measure the consistency between item difficulty level and students‘ ability 352 

level. Figure 1 below is a Wright map that shows the graphic representation of an increase in 353 

students ability and item difficulty level within the same logit scale (Bond & Fox, 2015). The higher 354 

the logit scale, the higher the student's ability level and the item's difficulty level. On the other hand, 355 

the lower the logit scale, the lower the student's ability level and the item's difficulty level (Boone et 356 

al., 2014). Most of the items are at above average (.00 logit). Item8B (1.58 logit) is the most difficult 357 

item, while Item1A (-1.21 logit) is the easiest item. However, at the lower (<-1.21 logit) and higher 358 

(>1.58 logit) students' ability levels, there were no items equivalent to the intended ability level. 359 

Meanwhile, the distribution of students' abilities is in accordance with the logit size. The students 360 

with the highest ability reached (3.62 logit),  were female (high school students: 221AF, 419AF, 361 

477AF) and chemistry students 766CF; while the students with the lowest ability obtained (-3.61 362 

logit.) are high school students 035AM, 082AF, and 102AM.  363 

 364 
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 379 
Figure 1. Wright Map: Person-Map-Item 380 

Formatted: Tab stops:  2.49 cm, Left + Not at 
7.26 cm

Formatted: Tab stops:  2.49 cm, Left + Not at 
7.26 cm



 381 

 382 

 383 

Formatted: Font color: Auto

Formatted: Tab stops: Not at  7.26 cm

Formatted: Left, Tab stops:  7.26 cm, Left



 384 
 385 

Difference in Item Reasoning Difficulty of Salt Hydrolysis:         ,      , and           386 

 387 

Based on the size of logit value item (LVI), by dividing the distribution of measure of all logit 388 

items based on the average of item and deviation standard, the item reasoning difficult level of salt 389 

hydrolysis of         ,      , and           is categorized into four categories: easiest items to 390 

reason (LVI ≤ -.75 logit), easy items to reason (-.75 ≥ LVI ≥ .00 logit), difficult items to reason (.00 391 

≥ LVI ≥ .75 logit), and most difficult items to reason (LVI > .75 logit). It is displayed in Table 4. 392 

From this table, two interesting points were discovered. First, there are no similar items with the 393 

same difficulty level. For example, Item2A (-.69) and Item2C (-.19) are easier for students to reason 394 

than Item2B (.00). Second, the sequence of item difficulty in saline solutions of         ,      , 395 

and           is different and do not match the conceptual map (Table 1). For example, Item5A(-396 

1.14), was found to be easier to reason than Item2A(-.69), Item4A(-.60) and Item3A (-.26). In 397 

contrast, Item8B(1.58) was the most difficult to reason than Item10B(.84), Item9B(.70). This 398 

finding explains that at the same construct level, the level of reasoning difficulty of three similar 399 

items turns out to be different.  400 
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 401 

Table 4 402 
Logit Value Item (LVI) Analysis (N=30) 403 

Difficulty Level 
Item Code (logit)  

A B C 

Very Difficult: (LVI > .75 logit). 
Item8A(1.16) 

Item10A(.93) 

Item8B(1.58) 

Item10B(.84) 

Item10C(.97) 

Item9C(.82) 

Difficult: (.00 ≥ LVI ≥ .75 logit) 

Item7A(.50) 

Item9A(.49) 

Item6A(.37) 

 

Item9B(.70) 

Item7B(.45) 

Item6B(.42) 

Item2B(.00) 

Item6C(.22) 

Item8C(.12) 

Easy: (-.75 ≥ LVI ≥ .00 logit) 

Item3A(-.26) 

Item4A(-.60) 

Item2A(-69) 

 

Item5B(-.24) 

Item3B(-.41) 

Item1B(-.55) 

Item4B(-.59) 

Item7C(-.06) 

Item2C(-.19) 

 

Very Easy: (LVI ≤ -.75 logit). 

Item5A(-1.14) 

Item1A(-1.21) 

 

-- Item4C(-.80) 

Item5C(-.87) 

Item3C(-.89) 

Item1C(-1.13) 

Description:  A =            saline solution, B =       salt solution, C =           salt 

solution 

  404 

The testing of difference of item reasoning difficulty level from the difference of students‘ 405 

grade level applied Differential Item Functioning (DIF) (Adams et al., 2021; Bond & Fox, 2007; 406 

Boone, 2016; Rouquette et al., 2019). An item is considered as DIF if the t value is less than -2.0 or 407 

more than 2.0, the DIF contrast value is less than 0.5 or more than 0.5, and the probability (p) value 408 

is less than 0.05 or more than 0.05 (Bond & Fox, 2015; Boone et al., 2014; Chan et al., 2021). A 409 

total of 12 items were identified to yield significantly different responses (Figure 2). There are five 410 

curves that approach the upper limit, i.e., items with high reasoning difficulty level: Item9B(.70), 411 

Item10B(.84), Item10A(.93), Item8A(1.16), and Item8B(1.58). Moreover, four curves that approach 412 

the lower limit are items with low reasoning difficulty level, i.e.: Item1A(-1.21), Item5A(-1.14), 413 

Item3C(-.89), and Item5C(-.87).  414 

 415 
Figure 2. Person DIF plot based on Difference of Students’ Grade Level 416 

 417 
Note: A = Senior HighUpper-Secondary School students, B = Chemistry Education university 418 

students, C = Chemistry university students 419 

 420 

Based on Figure 2, an interesting case was identified, where for student A, Item8B was more 421 

difficult than Item8A; on the other hand, for students B and C, Item8A was more difficult than 422 
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Item8B. In other words, the characteristics of item difficulty among A, B, and C groups are 423 

different. It is possible that students in group A with low abilities could guess the correct answer to 424 

Item8A, while students B and C with high abilities answered Item8A incorrectly because of 425 

carelessness. In addition, it was found that the difficulty level was Item8B(1.58) > Item10B(.84) > 426 

Item9B(.74). That is, the difficulty level of the items is different; this happens because of differences 427 

in student responses. 428 

 429 

Analysis of Changes in Item Misconception Curve and Pattern 430 

The option probability curve is applied to detect the response pattern of students' choice of 431 

answers on each item. This curve provides a visual image of the distribution of correct answer 432 

choices and distractor answer choices (containing misconceptions) across the spectrum of students' 433 

knowledge (starting from high school students, chemistry education students, and chemistry 434 

students). This allows the researchers to evaluate if the shape of the curve is fit for purpose, or if 435 

there is something unusual that indicates a structured problem with an item. The shape of the curve 436 

can show a hierarchy of misconceptions that disappears sequentially as students become more 437 

knowledgeable about a topic, either through out-of-school experiences or through formal 438 

learning.  In this article, we present the sample of option probability curve for three items: Item8A, 439 

Item8B, and Item8C. 440 

Sample 1 441 

Figure 3 (a) displays Item8A (1.16 logit) that tests the students‘ reasoning on the pH 442 

calculation results of         . The option probability curve of this item is shown in Figure 3 (b). 443 

Students whose reasoning ability is very low (between -5.0 and -1.0 logit on the overall ability 444 

scale) are more likely to choose answer A (pH level of the solution < 7 resulting from the 445 

hydrolysis reaction of ion    ). Students with abilities between -4.0 and +1.0 prefer the answer B 446 

(pH level of the solution > 7 resulting from the hydrolysis reaction of ion    ), and students with 447 

abilities between -5.0 and +3.0 are more likely to choose answer C (pH level of the solution < 7 448 

resulting from the hydrolysis reaction of ion      
  ). Meanwhile, students with abilities greater 449 

than -3.0 choose the correct answer D (pH level of the solution > 7 resulting from the hydrolysis 450 

reaction of ion      
  ). The pattern of responses produced by students at this level of ability is 451 

understandable. At the lowest level, students do not understand the calculation of pH and ions 452 

resulting from the salt hydrolysis reaction (answer choice A). When their understanding of acids 453 

and bases develops, they choose the answer B. In this case, students can reason with the 454 

calculation of pH, but do not understand the hydrolysis reaction and the principle of reaction 455 

equilibrium. Conversely, students who pick the option C find difficulties in reasoning the 456 

calculation of pH, but are able to correctly state the ions resulting from the hydrolysis reaction of 457 

     
  . The misconceptions in answer choice A are significant for low-ability students, but 458 

misconceptions in answer choices B and C are actually detected in high-ability students. The 459 

visualization of answer choices B and C curves appears with two peaks, reflecting an unusual or 460 

strange curve, then decreases and disappears as understanding increases.  461 

 462 

 463 

 464 

 465 

 466 

 467 
Figure 3. (a) Sample of Item8A (1.16 logit) Tests the Students’ Reasoning on pH Calculation Result 468 

of         , (b) Option Probability Curve of the Said Item. 469 
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 470 
 471 

Sample 2 472 

Figure 4 (a) displays Item8B (1.58 logit) that tests the students‘ reasoning on the pH 473 

calculation results of      . The option probability curve of this item is shown in Figure 4 (b).  474 

 475 
Figure 4. (a) Sample Item8B (1.58 logit) Testing the Students’ Reasoning on pH Calculation Result 476 

of       (b) the Option Probability Curve of the Said Item 477 

 478 
 479 

Students whose reasoning ability is very low (between -5.0 and -5.0 logit on the overall 480 

ability scale) are more likely to choose answer A (pH level of the solution < 7 resulting from the 481 

hydrolysis reaction of ion    ). The answer B (pH level of the solution > 7 resulting from the 482 

hydrolysis reaction of ion    ) and answer C (pH level of the solution < 7 resulting from the 483 

hydrolysis reaction of ion     ) show two curve peaks in the probability of students‘ ability 484 

between -4.0 and +1.0 logit. Meanwhile, the answer D (pH level of the solution > 7 resulting from 485 

the hydrolysis reaction of ion     ) increases along the improvement of students‘ ability, moving 486 

from -4.0 up to +3.0 logit. The response pattern expressed in the option probability curve for this 487 

item is interesting, because the answer choice curves A, B, and C further justify acid-base 488 

misconceptions and hydrolysis reactions, as happened in Item 8A. In addition, the visualization of 489 



answer choices B and C curves is seen with three peaks, reflecting unusual or odd curves, which 490 

decrease as understanding increases. 491 

 492 
Sample 3 493 

Figure 5 (a) displays Item8C (.12 logit) that tests the students‘ reasoning on the pH 494 

calculation results of          . The option probability curve of this item is shown in Figure 3 495 

(b). 496 

 497 
Figure 5. (a) Sample of Item8C (.12 logit) Testing the Students’ Reasoning on the pH Calculation 498 

Results of          , (b) Option Probability Curve of the Said Item 499 

 500 
 501 

The probability of answer A (pH level of the solution < 7 resulting from the hydrolysis 502 

reaction of ion    
 ) is the highest for students with lowest reasoning ability (between <-3.0 and 503 

2.0 logit). The visualization of curve A shows three peaks, i.e., in the lowest capability range (<-504 

3.0 logit), then in the capability range between -1.0 logit and 2.0 logit. The visualization of curve 505 

of answer C (pH level of the solution < 7 resulting from the hydrolysis reaction of ion    
  

) also 506 

has three peaks, similar to the curve A; on the other hand, the curve of answer D (pH level of the 507 

solution > 7 resulting from the hydrolysis reaction of ion    
  

) is at the ability range of high-508 

ability students (<2.0 logit). The correct answer B (pH level of the solution > 7 resulting from the 509 

hydrolysis reaction of ion    
 ) at the ability range between -4.0 and 5.0 logit increases 510 

monotonously along with the decline in curve A, C, and D.  511 

It is interesting to take a closer look at how the curves of the three items change using the 512 

Guttman Scalogram (Table 6). This table details several examples of student item response 513 

patterns, in two forms, namely the 0 and 1 dichotomy pattern, and the actual response pattern. This 514 

response pattern is ordered by the level of difficulty of the item (easiest at left to most difficult at 515 

right). The response patterns of 409AF(1.54), 421AF(1.54), 411AF(1.33) and 412AF(1.33), which 516 

were highly capable, chose the misconception answer D (for Item8C, fourteenth row from right), 517 

answer choice B (for Item8A, second row from right), and answer choice D (for Item8B first row 518 

from right). This is an example of a resistant item misconception pattern. Meanwhile, the response 519 

pattern of respondent 419AF(3.62) who chose the misconception answer C (for Item8A), 520 

049AF(2.07) and 094AM(2.07) choosing the misconception answer C (for Item8B), and 521 

659BF(2.41) choosing the misconception answer A (for Item8B). Item8C) is a different pattern of 522 

misconceptions.  523 

 524 

Table 6 525 



Scalogram Analysis 526 

 527 

 528 

 529 

 530 

 531 

Discussionn and Conclusions 532 
 533 

The findings of the study has shown empirical evidence regarding the validity and reliability 534 

of the measurement instruments at a very good level. This means that the used instrument is 535 

effective to evaluate the difficulty of students' conceptual reasoning. On top of that, it is also 536 

highlighted that: (1) the order of item reasoning difficulty level of salt hydrolysis of         , 537 

     , and           is different (not matching the construct map), and there are no similar items 538 

with the same difficulty level despite being in the same construct level; (2) the difficulty level of 539 

similar items is different, it is possible that it occurs due to different student responses, where low-540 

ability students can guess the correct answer, while high-ability students are wrong in answering 541 

items due to carelessness; (3) The visualization of changes in the answer choice curves and the 542 

pattern of item misconceptions shows the evidence that high-ability students tend to have a response 543 

pattern of item misconceptions that tend to be resistant, especially related to the construct of 544 

calculating the pH of the salt solution. 545 

The findings of the research above show that the difficulty level of the three salt hydrolysis 546 

compounds (        ,       dan          ) tends to be different. This difference is relatively 547 

caused by the poor level of mastery of the content and, therefore, gives different reasoning responses 548 

in the context of the three salt hydrolysis compounds in question. This fact reinforces the findings of 549 
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Davidowitz & Potgieter (2016) and Park & Liu (2019) that reasoning and misconceptions tend to be 550 

strongly influenced by students' content mastery. This fact has also been explained by Chu et al. 551 

(2009), that students showed the existence of context-dependent alternative conceptions or 552 

misconceptions in optics when items used different examples, despite evaluating students' 553 

understanding of the same concept. Research by Ozdemir & Clark (2009) supports the conclusion 554 

that students' reasoning is fragmented and tends to be inconsistent with items in different contexts. 555 

Likewise, diSessa et al. (2004) find that students' scientific explanations do not represent their 556 

overall understanding of their understanding of a particular item. However, Weston et al. (2015) 557 

propose the opposite results, that students' responses to the four versions of the questions about 558 

photosynthesis are not significantly different. This is possible due to the fact that they do not focus 559 

on revealing students' misconceptions but rather focus on examining scientific ideas obtained from 560 

student responses.the visualization of changes in the curve and the pattern of item misconceptions 561 

shows the proof that high-ability students tend to have a resistant item misconception response 562 

pattern.  563 

To explain these problems, it is exemplified in tThe item misconception patterns of the 564 

students are rather resistant, for example: answer B (pH level of the solution > 7 resulting from the 565 

hydrolysis reaction of ion    ) for Item8A, answer B (pH level of the solution > 7 resulting from 566 

the hydrolysis reaction of ion    ) for Item8B, and answer D (pH level of the solution > 7 resulting 567 

from the hydrolysis reaction of ion    
  

) for Item8C.  It can be seen that all three show the same 568 

pattern of misconceptions, in terms of: (a) the pH value of the solution is > 7, and (b) the ions 569 

resulting from the hydrolysis reaction of the salt solution. This finding is interesting to observe 570 

further. This is because students do not master the concepts of strong acid and strong base correctly 571 

accurately and scientifically; they alsoand tend to find it difficult to reason about the hydrolysis 572 

reaction of salt solutions. For example, the hydrolysis reaction:               
      

  , 573 

where ion    
                    and excess of ion    cause pH level of the solution to 574 

be < 7 and acidic. In addition, the hydrolysis reaction of salt:                 , where ion 575 

     that reacts with water becomes                       , excess of ion     causes pH 576 

level of the solution to be > 7 and the solution becomes basic. This is to say that students tend to 577 

lack adequate concept understanding on explaining the contribution of ions    and     towards the 578 

pH change of saline solution. This finding supports Tümay‘s (2016) conclusion, that most of 579 

students are unable to conceptualize properties acid-base and strength of acid as the property that 580 

results from interaction between many factors. This finding is also supported by Nehm & Ha (2011), 581 

that the pattern of student responses is highly predictable regardless of the context, especially when 582 

the responses involve core scientific concepts. This means that students are more sensitive to their 583 

misconceptions than using correct conceptual reasoning in explaining the context of the item. 584 

The findings of this study shows are also supported by Orwat et al. (2017), that although 585 

students are indeed able to state the acidity of a salt solution correctly, most of them have 586 

misconceptions in writing chemical equations. In addition, students tend to have difficulty 587 

explaining the nature of hydrolyzed salts, as a result of their inability to understand the acid-base 588 

properties of salt-forming compounds as well as to write down salt hydrolysis reaction equations 589 

that meet the principles of chemical equilibrium. Therefore, they experience difficulty calculating 590 

the pH of the saline solution. This supports the conclusions of Orwal et al. (2017) and Damanhuri et 591 

al. (2016), that students have difficulty in explaining the nature of acid-base, strong base and weak 592 

base, despite that more than 80% of them understand that ionized acids in water produce ion    and 593 

that the pH level of neutral solution equals to 7, as well as be able to write down the chemical 594 

equation for reaction between acid and base.  The previous findings also strengthen the study by 595 

Solihah (2015), that students assume that the addition of a small amount of strong acid and strong 596 

base to a buffer solution does not affect the shift in equilibrium. However, the correct concept is that 597 



the addition of a small amount of strong acid and strong base affects the shift in equilibrium. Experts 598 

argue that difficulties in understanding the nature of acid-base tend to be influenced by the cultural 599 

background of students, and therefore their understanding becomes different and inconsistent (Chiu, 600 

2007; Kala et al., 2013; Lin & Chiu, 2007).  601 

 Compared to the previous studies, the novelty of this study is that it can demonstrate the 602 

evidence and the measurement accuracy of reasoning difficulties as well as changes of item 603 

misconception curve and pattern on hydrolysis up to the individual scale of each item and each 604 

student. The Rasch model can estimate the character and nature of misconceptions, yielding 605 

valuable information for teachers in developing appropriate and measurable instructional strategies. 606 

The study shows how to combine the procedures of qualitative item development and quantitative 607 

data analysis that allow us to investigate deeper regarding the reasoning difficulties and 608 

misconceptions on hydrolysis. The example of using the option probability curve above can explain 609 

the prevalence of changes in students' misconception answer choices. The pattern of misconceptions 610 

was justified using the Guttman Scalogram map; thus, this study was able identify resistant item 611 

misconceptions that are commonly experienced by high-ability learners.  612 

Conclusion  613 
Compared to the previous studies, the novelty of this study is that it can demonstrate the 614 

evidence and the measurement accuracy of reasoning difficulties as well as changes of item 615 

misconception curve and pattern on hydrolysis up to the individual scale of each item and each 616 

student. The Rasch model can estimate the character and nature of misconceptions, yielding 617 

valuable information for teachers in developing appropriate and measurable instructional strategies. 618 

The study shows how to combine the procedures of qualitative item development and quantitative 619 

data analysis that allow us to investigate deeper regarding the reasoning difficulties and 620 

misconceptions on hydrolysis. The example of using the option probability curve above can explain 621 

the prevalence of changes in students' misconception answer choices. The pattern of misconceptions 622 

was justified using the Guttman Scalogram map; thus, this study was able identify resistant item 623 

misconceptions that are commonly experienced by high-ability learners. 624 

These research items are carefully developed and constantly aligned with key ideas about the 625 

concept of hydrolysis chemistry that have been learned by students in upper-secondary school. It is 626 

hoped that teachers, researchers, and curriculum material developers will be able to use quantitative 627 

items and methods similar to those discussed in this study to compare the effectiveness of various 628 

materials and approaches with greater precision and objectivity. While this study does not address 629 

questions about individual student performance or growth, it is hoped that the items will be useful in 630 

helping teachers diagnose individual learners' thinking so as to target learning more effectively. 631 

This research contributes to the field of chemistry learning assessment by validating the 632 

reasoning ability test of the hydrolysis concept using psychometric analysis techniques based on the 633 

Rasch model of measurement. The validation of the reasoning ability test in this study is expected to 634 

fill the gaps in the literature that tend to be limited in conceptual reasoning in the field of hydrolysis 635 

chemistry. This is further expected to be one of the references in developing and integrating the 636 

Rasch model measurement in the school curriculum in the world, especially in Indonesia. 637 

This research can also function as a guide for researchers in developing ways to assess 638 

students' conceptual reasoning abilities. This will provide valuable information regarding differences 639 

in ethnicity, gender, and grade level in assessing students' reasoning abilities. These findings will 640 

assist researchers in modifying the reasoning ability test developed in this study, into a new 641 

assessment that is more adaptive to the learning progress of students. 642 

 643 

Research Limitation and Further Study 644 
This study has not considered the differences in the context of the problem presentation and 645 

the characteristics of the item on the item difficulty level parameter. Therefore, it is difficult to 646 
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distinguish the difficulty of items based on differences in students' understanding abilities or 647 

precisely because of differences in the context of the problem presented in each item. In addition, 648 

the reach of the student population has not yet reached other parts of the Indonesian territory. Future 649 

research is expected to be able to reach a wider population of students in Indonesia, taking into 650 

account the demographic aspects of students (such as ethnic, social, and cultural differences), and 651 

measuring their influence on the level of mastery of concepts and scientific reasoning in different 652 

content scopes. 653 

 654 
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RASCH MODELLING TO EVALUATE REASONING DIFFICULTIES, 

CHANGES OF RESPONSES, AND ITEM MISCONCEPTION PATTERN OF 

HYDROLYSIS 
 

 

 
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 test items, measuring ten levels of conceptual reasoning ability in three types of 

salt hydrolysis compounds:         ,       and          . These 30 written test items were completed 

by 849 students in Gorontalo, Indonesia. 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 patterns were found; the misconception curve showed a 

declining 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. 

Keywords: evaluation, reasoning difficulties, hydrolysis, misconception, Rasch model. 

 

 

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 this ability 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 difficulties they experience. Many factors 

can cause the cause of this difficulty; one of which potentially hinders the conceptual development 

of students is 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 difficulties in 

elaborating the linkages between concepts (Johnstone, 1991; Taber, 2019), as well as difficulties in 

explaining social-scientific problems with the knowledge in chemistry that they have learned in 

school (Bruder & Prescott, 2013; Kinslow et al., 2018; Owens et al., 2019). These types of 

difficulties commonly 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 from 

scientific concepts (Alamina & Etokeren, 2018; Bradley & Mosimege, 1998; Damanhuri et al., 

2016; Orwat et al., 2017; Yaşar et al., 2014).  

Misconceptions that are resistant (Hoe & Subramaniam, 2016) tend to hinder the correct 

process of conceptual reasoning (Soeharto & Csapó, 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 
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types of misconception come in various forms (Aktan, 2013; Orwat et al., 2017). Therefore, it is 

crucial to understand how these misconception occur in the process of concept reasoning in order to 

formulate proper strategies to develop students‘ understanding that is accurate and scientific 

(Chandrasegaran et al., 2008; Kolomuç & Çalik, 2012; Sunyono et al., 2016).  

Salt hydrolysis is one of the concepts in chemistry that students often find it difficult to 

understand (Damanhuri et al., 2016; Orwat et al., 2017; Tümay, 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 solution due to the students‘ lack of competence in 

explaining the acid-base concept and chemical equilibrium (Demircioǧlu et al., 2005; Orgill & 

Sutherland, 2008; Orwat et al., 2017); error in interpreting the concept of acid-base strength 

(Tümay, 2016); difficulty in understanding the definition of salt hydrolysis and characteristics of salt 

(Sesen & Tarhan, 2011); and difficulty in reasoning the concept of formulation and capacity of 

buffer solution (Maratusholihah 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 understood at the item level and 

individual students. This information is crucial for teachers in making subsequent instructional 

decisions. 

Studies on misconception 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 that use 

raw scores as reference to obtain conclusion are rather limited in presenting relevant information 

regarding reasoning difficulties and misconception characteristics of items and students. 

Psychometrically, this approach tend to have limitations in measuring accurately (Pentecost & 

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 approach that employs probabilistic measurement that goes 

beyond raw score measurement (Boone & Staver, 2020; Liu, 2012; Wei et al., 2012). 

Research 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 & Potgieter, 

2016), measuring conceptual changes in hydrolysis (Laliyo et al., 2022), measuring scientific 

investigation competence (Arnold et al., 2018), investigating item difficulty (Barbera, 2013) and 

(Park & Liu, 2019), and identifying misconceptions in electrolytes and non-electrolytes (Lu & Bi, 

2016). In particular, research 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 misconceptions in concept of matter state change. In spite of this, research 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 inseparable 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 with a 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 intends to fill the 
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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 concept of salt hydrolysis:         ,      , and           

are analyzed by distractor-type multiple choices test. Each item contains one correct answer choice 

and three answer choices designed on a distractor 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 reported by Tümay (2016) regarding 

misconceptions in acid-base reaction, Seçken (2010) on misconceptions in salt hydrolysis, 

Damanhuri et al. (2016) regarding acid-base strength, and Orwat et al. (2017) on misconception in 

dissolving process and reaction of ionic compounds with water and chemical equations. According 

to Sadler (1999) and Herrmann-Abell & 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 understand. 

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 dichotomous score, the curve that is appropriate with the probability of 

correct answer choice usually increases monotonously along with the increase in students‘ 

understanding; while the curve for the distractor sequence tend to decline monotonously as the 

students‘ understanding increases (Haladyna, 2004; Haladyna & Rodriguez, 2013; Herrmann-Abell 

& DeBoer, 2016). Items 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 is 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 instrument and 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          and       
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 construct 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 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 pattern of students' items shows resistant misconceptions? This question 

is to detect a hierarchy of misconception 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' 

misconceptions to be resistant in the construct in question. 

 

Method 
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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 in the learning process 

and learning materials. In other words, no treatments were 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 forming 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 were obtained from the government, the school administrative, and the 

university board of leaders. 

 

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 is 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 

technique. 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). Meanwhile, students B and C 

(aged 19-21 years) were randomly selected from a population of 1200 students from the Faculty of 

Mathematics and Natural sciences, from one of the universities in Gorontalo, Indonesia. Prior to 

conducting this study, the respondents in A group were confirmed to have learned formally about 

acid-base, properties of hydrolyzed salts, hydrolysis reactions, 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 to research 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 research instrument involved 30 items that measure the students‘ reasoning ability on 

concept of hydrolysis. The instrument was in the form of multiple-choices test that was adapted 

from 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 that involves ten levels of constructs. A difference in level of reasoning construct 

represents the qualitative improvement of the measured construct (Wilson, 2009, 2012). These 

construct levels refers to the Curriculum Standard of Chemistry Subject in Eleventh Grade in 

Indonesia, as per the Regulation of Ministry of Education and Culture of Republic of Indonesia No. 
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37/2018. Each level of construct has three typical items, for example, 1/Item1A, 6/Item1B, and 

11/Item1C. These items measure the level 1 construct, i.e., determining the characteristics of 

forming compounds of         ,      , and          . These three items are different from 

each other from the context of reasoning task of hydrolysis solution.  

 

Table 1 

Conceptual Map of Reasoning of Salt Hydrolysis 

Concept Reasoning Level 

Serial Number/Item/Context 

Reasoning Task 

A B C 

Level 1. Determining the properties of forming compounds of 

salt 

1/Item1A 6/Item1

B 

11/Item1

C 

Level 2. Explaining the properties of compounds that are 

completely and partially ionized in salt solutions 

16/Item2

A 

21/Item2

B 

26/Item2

C 

Level 3. Determining the properties of salt in water 2/Item3A I7tem3B 12/Item3

C 

Level 4. Explaining the properties of salt based on the forming 

compounds 

17/Item4

A 

22/Item4

B 

27/Item4

C 

Level 5. Determining types of hydrolysis reaction of salt 3/Item5A 8/Item5

B 

13/Item5

C 

Level 6. Explaining result of salt hydrolysis reaction 18/Item6

A 

23/Item6

B 

28/Item6

C 

Level 7. Calculating pH level of salt solution 4/Item7A 9/Item7

B 

14/Item7

C 

Level 8. Explaining pH calculation result of salt solution 19/Item8

A 

24/Item8

B 

29/Item8

C 

Level 9. Determine types of forming compounds of buffer 

solution 

5/Item9A 10/Item9

B 

15/Item9

C 

Level 10. Explaining the properties of buffer solution based 

on the forming compounds 

20/Item1

0A 

25/Item1

0B 

30Item1

0C 

Description: A =          salt solution, B =       salt solution, C =           salt solution 

 

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 (Herrmann-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 & 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 relationship 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 
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validators agreed to determine Fleiss measure, Κ= .97, p<0.0001, 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 by researchers. Each 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 confirmed 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 interval data that have the same logit scale using the 

WINSTEPS 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 of items 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 different items (Bond & Fox, 2007). It combines algorithm of probabilistic expectation result of 

item ‗i‘ and student ‗n‘ as:                                                        . The 

statement                       is the probability of student n in the item i to generate a correct 

answer (x = 1); with the students‘ ability, ßn, and item difficulty level of     (Bond & Fox, 2015; 

Boone & Staver, 2020). If the algorithm function is applied into the previous equation, it will be 

                                    ; thus, the probability for a correct answer equals to the 

students‘ ability minus item difficulty level (Sumintono & Widhiarso, 2015). 

 The measures of students‘ ability (person)    and item difficulty level    are stated on a 

similar interval and are independent to each other, which are measured in an algorithm unit called 

odds or log that can vary from -00 to +00 (Herrmann-Abell & DeBoer, 2011; Sumintono & 

Widhiarso, 2015). The use of logit scale in Rasch model is the standard interval scale that shows the 

size of person and item. Boone et al. (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 represent 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).  

 

Results 

 

Validity and Reliability of the Instruments 

The first step is to ensure the validity of test constructs by measuring the fit validity 

(Banghaei, 2008; Chan et al., 2021). This serves to determine the extent to which the item fits to the 

model, and because it is in accordance with the concept of singular attribute (Boone et al., 2014; 

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 MNSQ. Outfit is the chi-

square that is sensitive to the outlier. Items 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 mean box of Infit is 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 
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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 indicates that the average Outfit MNSQ of test item is 1.0 logit; this is in accordance 

with the ideal score range between 0.5-1.5 (Boone et 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 between 849 

students and the 30 KPIH test items is categorized as good. In other words, the instrument has 

excellent psychometric internal consistency and is considered a reliable instrument (Adams & 

Wieman, 2011; Boone & Staver, 2020; Sumintono & Widhiarso, 2015). The results of the 

unidimensionality measurement using Principal Component Analysis (PCA) of the residuals show 

that the raw data variance at 23.5%, meeting 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).  

 

Table 2  

Summary of Fit Statistics 

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

Measures (logit)   

Mean -.20 .00 

SE (standard error) .03 .14 

SD (standard deviation) .99 .75 

Outfit mean square   

Mean 1.00 1.00 

SD .01 0.02 

Separation 1.97 9.15 

Reliability .80 .99 

Cronbach‘s Alpha (KR-

20) 

.81  

 

The results of testing the quality of the item response pattern as well as the interaction between 

person and item show a high score of the separation item index (9.15 logit) and high item 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 researcher's 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 & Staver, 2020; 

Linacre, 2020). An item is considered as misfit if the measurement result of the item does not meet 

the three criteria of: Outfit mean square residual (MNSQ): .5 < y < 1.5; Outfit standardized mean 

square residual (ZSTD): -2 < Z < +2; and point measure correlation (PTMEA CORR): .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 
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value is obtained, the item is considered acceptable; however, if a negative value is obtained, then 

the item is considered not functioning properly, or contains misconceptions (Bond & Fox, 2015; 

Boone et al., 2014; Sumintono & Widhiarso, 2015). Table 3 indicates that all items are in the Outfit 

MNSQ range, while 18 items are not in the Outfit ZSTD range, and 13 items are not in the Pt-

Measure Corr range, and there is no negative value for the Pt-Measure Corr criteria. There is no 

single item that does not meet all three criteria, so all items are retained. If only one or two criteria 

are not met, the item can still be used for measurement purposes.  

 

Table 3  

Item Fit Analysis 

Item Measure Infit MNSQ Outfit MNSQ Outfit ZSTD 

Point 

Measure 

Correlation 

Item1A -1.21 ,91 .82 -2.96* .44 

Item1B -.55 .94 .95 -1.13 .44 

Item1C -1.13 .95 .91 -1.53 .40 

Item2A -.69 1.05 1.07 1.91 .32* 

Item2B .00 1.09 1.16 3.84* .31* 

Item2C -.19 1.12 1.17 3.92* .28* 

Item3A -.26 .89 .90 -2.41* .49 

Item3B -.41 .87 .83 -4.31* .52 

Item3C -.89 .95 .86 -2.71* .43 

Item4A -.60 1.00 1.07 1.57 .36* 

Item4B -.59 .87 .84 -3.72* .50 

Item4C -.80 .95 .89 -2.11* .42 

Item5A -1.14 .98 .91 -1.45 .37* 

Item5B -.24 .96 .94 -1.55 .43 

Item5C -.87 .97 .89 -2.20* .41 

Item6A .37 .99 1.03 .57 .41 

Item6B .42 .96 .97 -.65 .44 

Item6C .22 .93 .91 -2.20* .48 

Item7A .50 .85 .83 -3.70* .55 

Item7B .45 .83 .82 -3.98* .56 

Item7C -.06 1.02 1.03 .64 .39* 

Item8A 1.16 .89 .90 -1.35 .49 

Item8B 1.58 1.11 1.22 2.20* .27* 

Item8C .16 1.11 1.12 2.70* .31* 

Item9A .49 1.16 1.40 7.40* .25* 

Item9B .70 1.05 1.07 1.27 .36* 

Item9C .82 .99 1.06 1.06 .40 

Item10A .93 1.21 1.28 4.11* .21* 

Item10B .84 1.18 1.27 4.13* .23* 

Item10C .97 1.19 1.36 4.97* .21* 

Description: (*) is the items not in the range of Outfit MNSQ and Point Measure Correlation 

 

The third step is to measure the consistency between item difficulty level and students‘ ability 

level. Figure 1 below is a Wright map that shows the graphic representation of an increase in 

students ability and item difficulty level within the same logit scale (Bond & Fox, 2015). The higher 



the logit scale, the higher the 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 item'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 Item1A (-1.21 logit) is the easiest item. However, at the lower (<-1.21 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. Wright Map: Person-Map-Item 



 
 

 

Difference in Item Reasoning Difficulty of Salt Hydrolysis:         ,      , and           



 

Based on the size of logit value item (LVI), by dividing the distribution of measure of all logit 

items based on the average of item and deviation standard, the item reasoning difficult level of salt 

hydrolysis of         ,      , and           is categorized into four categories: easiest items to 

reason (LVI ≤ -.75 logit), easy items to reason (-.75 ≥ LVI ≥ .00 logit), difficult items to reason (.00 

≥ LVI ≥ .75 logit), and most difficult items to reason (LVI > .75 logit). 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, Item2A (-.69) and Item2C (-.19) are easier for students to reason 

than Item2B (.00). Second, the sequence of item difficulty in saline solutions of         ,      , 
and           is different and do not match the conceptual map (Table 1). For example, Item5A(-

1.14), was found to be easier to reason than Item2A(-.69), Item4A(-.60) and Item3A (-.26). In 

contrast, Item8B(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) 

Difficulty Level 
Item Code (logit)  

A B C 

Very Difficult: (LVI > .75 logit). 
Item8A(1.16) 

Item10A(.93) 

Item8B(1.58) 

Item10B(.84) 

Item10C(.97) 

Item9C(.82) 

Difficult: (.00 ≥ LVI ≥ .75 logit) 

Item7A(.50) 

Item9A(.49) 

Item6A(.37) 

 

Item9B(.70) 

Item7B(.45) 

Item6B(.42) 

Item2B(.00) 

Item6C(.22) 

Item8C(.12) 

Easy: (-.75 ≥ LVI ≥ .00 logit) 

Item3A(-.26) 

Item4A(-.60) 

Item2A(-69) 

 

Item5B(-.24) 

Item3B(-.41) 

Item1B(-.55) 

Item4B(-.59) 

Item7C(-.06) 

Item2C(-.19) 

 

Very Easy: (LVI ≤ -.75 logit). 

Item5A(-1.14) 

Item1A(-1.21) 

 

-- Item4C(-.80) 

Item5C(-.87) 

Item3C(-.89) 

Item1C(-1.13) 

Description:  A =            saline solution, B =       salt solution, C =           salt 

solution 

  

The testing of difference of item reasoning difficulty level from the difference of students‘ 

grade level applied 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, the DIF contrast value is less than 0.5 or more than 0.5, and the probability (p) value 

is less than 0.05 or more than 0.05 (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), 

Item10B(.84), Item10A(.93), Item8A(1.16), and Item8B(1.58). Moreover, four curves that approach 

the lower limit are items with low reasoning difficulty level, i.e.: Item1A(-1.21), Item5A(-1.14), 

Item3C(-.89), and Item5C(-.87).  

 

Figure 2. Person DIF plot based on Difference of Students’ Grade Level 



 
Note: A = Upper-Secondary School students, B = Chemistry Education university students, C = 

Chemistry university students 

 

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, Item8A was more difficult than 

Item8B. In other words, the characteristics 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 

The option probability curve is applied to detect the response pattern of students' choice of 

answers on each item. This curve provides a visual image of the distribution of correct answer 

choices and distractor answer choices (containing misconceptions) across the spectrum of students' 

knowledge (starting from high school students, chemistry education students, and chemistry 

students). This allows the researchers to evaluate if the shape of the curve is fit for purpose, or if 

there is something unusual that indicates a structured problem with an item. The shape of the curve 

can show a 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 this article, we present the sample of option probability curve for three items: Item8A, 

Item8B, and Item8C. 

Sample 1 

Figure 3 (a) displays Item8A (1.16 logit) that tests the students‘ reasoning on the pH 

calculation results of         . The 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    ). 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    ), 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      
  ). Meanwhile, students with abilities greater 

than -3.0 choose the correct answer D (pH level of the solution > 7 resulting from the hydrolysis 

reaction of ion      
  ). The pattern of responses produced by students at this level of ability is 

understandable. At the lowest level, students do not understand the calculation of pH and ions 

resulting from the salt hydrolysis reaction (answer choice A). When their 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 

Comment [Reviewer11]: italic 

Comment [Reviewer12]: Regular, 10pt 



calculation of pH, but are able to correctly state the ions resulting from the hydrolysis reaction of 

     
  . 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.  

 

Figure 3. (a) Sample of Item8A (1.16 logit) Tests the Students’ Reasoning on pH Calculation Result 

of         , (b) Option Probability Curve of the Said Item. 

 
 

Sample 2 

Figure 4 (a) displays Item8B (1.58 logit) that tests the students‘ reasoning on the pH 

calculation results of      . The option probability curve of this item is shown in Figure 4 (b).  

 

Figure 4. (a) Sample Item8B (1.58 logit) Testing the Students’ Reasoning on pH Calculation Result 

of       (b) the Option Probability Curve of the Said Item 

 
 

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    ). The answer B (pH level of the solution > 7 resulting from the 



hydrolysis reaction of ion    ) and answer C (pH level of the solution < 7 resulting from the 

hydrolysis reaction of ion     ) show two curve peaks in the probability of students‘ ability 

between -4.0 and +1.0 logit. Meanwhile, the answer D (pH level of the solution > 7 resulting from 

the hydrolysis reaction of ion     ) increases along 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 Item 8A. In addition, the visualization of 

answer choices B and C curves is seen with three peaks, reflecting unusual or odd curves, which 

decrease as understanding increases. 

 

Sample 3 

Figure 5 (a) displays Item8C (.12 logit) that tests the students‘ reasoning on the pH 

calculation results of          . 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          , (b) Option Probability Curve of the Said Item 

 
 

The probability of answer A (pH level of the solution < 7 resulting from the hydrolysis 

reaction of ion    
 ) is the highest for students with lowest reasoning ability (between <-3.0 and 

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 reaction of ion    
  

) 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    
  

) is at the ability range of high-

ability students (<2.0 logit). The correct answer B (pH level of the solution > 7 resulting from the 

hydrolysis reaction of ion    
 ) at the ability range between -4.0 and 5.0 logit increases 

monotonously along with the decline in curve A, C, and D.  

It is 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 forms, namely the 0 and 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 Item8C, 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 Item8A), 

049AF(2.07) and 094AM(2.07) choosing the misconception answer C (for Item8B), and 

659BF(2.41) choosing the misconception answer A (for Item8B). Item8C) is a different pattern of 

misconceptions.  

 

Table 6 

Scalogram Analysis 

 
 

 

Discussion 

 

The findings of the study has shown empirical evidence regarding the validity and reliability 

of the measurement 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         , 

     , and           is different (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 difficulty level of 

similar items is different, it is possible that it occurs due to different student responses, where low-

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 a response 

pattern of item misconceptions that tend to be resistant, especially related to the construct of 

calculating the pH of the salt solution. 
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The findings of the research above show that the difficulty level of the three salt hydrolysis 

compounds (        ,       dan          ) tends to be different. This difference is relatively 

caused by the poor level of mastery of the content and, therefore, gives different reasoning responses 

in the context of the three salt hydrolysis compounds in question. This fact reinforces the findings of 

Davidowitz & Potgieter (2016) and Park & Liu (2019) that reasoning and misconceptions tend to be 

strongly influenced by students' content mastery. This fact has also been explained by Chu et al. 

(2009), that students showed the existence of context-dependent alternative conceptions or 

misconceptions in optics when items used different examples, despite evaluating students' 

understanding of the same concept. Research by Ozdemir & 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) find that students' scientific explanations do not represent their 

overall understanding of their understanding of a particular item. However, Weston et al. (2015) 

propose the opposite results, that 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 example: answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion 

   ) for Item8A, answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of 

ion    ) for Item8B, and answer D (pH level of the solution > 7 resulting from the hydrolysis 

reaction of ion    
  

) for Item8C.  It can be seen that all three show the same pattern of 

misconceptions, in terms of: (a) the pH value of the solution is > 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 

scientifically; they also tend to find it difficult to reason about the hydrolysis reaction of salt 

solutions. For example, the hydrolysis reaction:               
      

  , where ion    
  

                  and excess of ion    cause pH level of the solution to be < 7 and acidic. In 

addition, the hydrolysis reaction of salt:                 , where ion      that reacts with 

water becomes                       , excess of ion     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    and     towards the pH change of saline 

solution. This finding supports Tümay‘s (2016) conclusion, that most of students are unable to 

conceptualize properties acid-base and strength of acid as the property that results from interaction 

between many factors. This finding is also supported by Nehm & 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 conceptual reasoning in explaining the context of the item. 

The findings of this study shows 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. Therefore, they 

experience difficulty calculating the pH of the saline solution. This supports the conclusions of 

Orwal et al. (2017) and Damanhuri et al. (2016), that students have difficulty in explaining the 

nature of acid-base, strong base and weak base, despite that more than 80% of them understand that 

ionized acids in water produce ion    and that the pH level of neutral solution equals to 7, as well 

as be able to write down the chemical equation for reaction between acid and base.  The previous 

findings also strengthen the study by Solihah (2015), that students assume that the addition of a 
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small amount of strong acid and strong base 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 affects the shift in equilibrium. Experts argue that difficulties in understanding the 

nature of acid-base tend to be influenced by the cultural background of students, and therefore their 

understanding becomes different and inconsistent (Chiu, 2007; Kala et al., 2013; Lin & Chiu, 2007).  

   

Conclusion  

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 pattern 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 appropriate and measurable instructional strategies. 

The study shows how to combine the procedures of qualitative item development and quantitative 

data analysis that allow us to investigate deeper regarding the reasoning difficulties and 

misconceptions on hydrolysis. The example of using the 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 

misconceptions that are commonly experienced by high-ability learners. 

These research items are carefully developed and constantly aligned with key ideas 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 assessment by validating the 

reasoning ability test of the hydrolysis concept using psychometric analysis techniques based on the 

Rasch model of measurement. 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' conceptual 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 

This study has not considered the differences in the context of the problem presentation and 

the characteristics of the item on the item difficulty level parameter. Therefore, it is difficult to 

distinguish the difficulty of items based on differences in 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 reasoning in different 

content scopes. 
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RASCH MODELLING TO EVALUATE REASONING DIFFICULTIES, 

CHANGES OF RESPONSES, AND ITEM MISCONCEPTION PATTERN OF 

HYDROLYSIS 
 

 

 
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 test items, measuring ten levels of conceptual reasoning ability in three types of 

salt hydrolysis compounds:         ,       and          . These 30 written test items were completed 

by 849 students in Gorontalo, Indonesia. 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 patterns were found; the misconception curve showed a 

declining 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. 

Keywords: revaluation,reasoning difficulties, hydrolysis, misconception, Rasch model. 

 

 

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 this ability 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 difficulties they experience. Many factors 

can cause the cause of this difficulty; one of which potentially hinders the conceptual development 

of students is 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 difficulties in 

elaborating the linkages between concepts (Johnstone, 1991; Taber, 2019), as well as difficulties in 

explaining social-scientific problems with the knowledge in chemistry that they have learned in 

school (Bruder and& Prescott, 2013; Kinslow et al., 2018; Owens et al., 2019). These types of 

difficulties commonly take place due to the students‟ conceptual understanding that they form 

according to their own thought process (Ausubel et al., 1978; Yildirir and& 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 and& Bi, 

2016), that contains misconception (Johnstone, 2006, 2010; Taber, 2002, 2009), and is divergent 

from scientific concepts (Alamina and& Etokeren, 2018; Bradley and& Mosimege, 1998; 

Damanhuri et al., 2016; Orwat et al., 2017; Yaşar et al., 2014).  

Misconceptions that are resistant (Hoe and& Subramaniam, 2016) tend to hinder the correct 

process of conceptual reasoning (Soeharto and& Csapó, 2021), as students will find difficulties in 

receiving and/or even rejecting new insights when they are inconsistent and contrary to their own 
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understanding (Allen, 2014; Damanhuri et al., 2016; Jonassen, 2010; Soeharto et al., 2019). These 

types of misconception come in various forms (Aktan, 2013; Orwat et al., 2017). Therefore, it is 

crucial to understand how these misconception occur in the process of concept reasoning in order to 

formulate proper strategies to develop students‟ understanding that is accurate and scientific 

(Chandrasegaran et al., 2008; Kolomuç and& Çalik, 2012; Sunyono et al., 2016).  

Salt hydrolysis is one of the concepts in chemistry that students often find it difficult to 

understand (Damanhuri et al., 2016; Orwat et al., 2017; Tümay, 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 solution due to the students‟ lack of competence in 

explaining the acid-base concept and chemical equilibrium (Demircioǧlu et al., 2005; Orgill and& 

Sutherland, 2008; Orwat et al., 2017); error in interpreting the concept of acid-base strength 

(Tümay, 2016); difficulty in understanding the definition of salt hydrolysis and characteristics of salt 

(Sesen and& Tarhan, 2011); and difficulty in reasoning the concept of formulation and capacity of 

buffer solution (Maratusholihah et al., 2017; Sesen and& Tarhan, 2011; Tarhan and& 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 understood at the item level and 

individual students. This information is crucial for teachers in making subsequent instructional 

decisions. 

Studies on misconception 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 and& Widhiarso, 2015). Hence, research that 

use raw scores as reference to obtain conclusion are rather limited in presenting relevant information 

regarding reasoning difficulties and misconception characteristics of items and students. 

Psychometrically, this approach tend to have limitations in measuring accurately (Pentecost and& 

Barbera, 2013), due to the difference of scales in the measurement characteristics (Linn and& 

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 approach that employs probabilistic measurement 

that goes beyond raw score measurement (Boone and& Staver, 2020; Liu, 2012; Wei et al., 2012). 

Research 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 on misconceptions in chemistry by (Herrmann-Abell &and 

DeBoer, 2016; Herrmann-Abell &and 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 misconceptions in concept of matter state change. In spite of this, 

research 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 inseparable from the said context in which the content is understood (Davidowitz &and 

Potgieter, 2016; Park &and 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 with a context (Nehm &and Ha, 2011). The 

term „context‟ in this study refers to a scientific content or topic (Cobb &and Bowers, 1999; 
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Grossman &and Stodolsky, 1995; Park &and 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 intendeds 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 concept of salt hydrolysis:         ,      , and           

are analyzed by distractor-type multiple choices test. Each item contains one correct answer choice 

and three answer choices designed on a distractor 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 reported by Tümay (2016) regarding 

misconceptions in acid-base reaction, Seçken (2010) on misconceptions in salt hydrolysis, 

Damanhuri et al. (2016) regarding acid-base strength, and Orwat et al. (2017) on misconception 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 understand. 

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 &and Staver, 2020; Laliyo et 

al., 2022; Linacre, 2020). By dichotomous score, the curve that is appropriate with the probability of 

correct answer choice usually increases monotonously along with the increase in students‟ 

understanding; while the curve for the distractor sequence tend to decline monotonously as the 

students‟ understanding increases (Haladyna, 2004; Haladyna &and Rodriguez, 2013; Herrmann-

Abell &and DeBoer, 2016). Items influenced by distractors will usually generate a curve that 

deviates from the monotonous behavior of traditional items (Herrmann-Abell &and DeBoer, 2016; 

Herrmann-Abell &and DeBoer, 2011; Sadler, 1998; Wind &and Gale, 2015). 

 

Problem Statement 

 

Considering the previous explanation, this study was is 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 instrument and 

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          and       
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 construct 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 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 pattern of students' items shows resistant misconceptions? This question 

is to detect a hierarchy of misconception 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 
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of response choices for misconceptions, then this shows that there is a tendency for students' 

misconceptions to be resistant in the construct in question. 

 

Research 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 in the learning process 

and learning materials. In other words, no treatments were 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 forming 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 were obtained from the government, the school administration staffve, and the 

university board of leaders. 

 

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 wais 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 

technique. 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). Meanwhile, students B and C 

(aged 19-21 years) were randomly selected from a population of 1200 students from the Faculty of 

Mathematics and Natural sciences, from one of the universities in Gorontalo, Indonesia. Prior to 

conducting this study, the respondents in A group were confirmed to have learned formally about 

acid-base, properties of hydrolyzed salts, hydrolysis reactions, 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 to research 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 research instrument involved 30 items that measure the students‟ reasoning ability on 

concept of hydrolysis. The instrument was in the form of multiple-choices test that was adapted 

from 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 
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hydrolysis that involves ten levels of constructs. A difference in level of reasoning construct 

represents the qualitative improvement of the measured construct (Wilson, 2009, 2012). These 

construct levels refers to the Curriculum Standard of Chemistry Subject in Eleventh Grade in 

Indonesia, as per the Regulation of Ministry of Education and Culture of Republic of Indonesia No. 

37/2018. Each level of construct has three typical items, for example, 1/Item1A, 6/Item1B, and 

11/Item1C. These items measure the level 1 construct, i.e., determining the characteristics of 

forming compounds of         ,      , and          . These three items are different from 

each other from the context of reasoning task of hydrolysis solution.  

 

Table 1 

Conceptual Map of Reasoning of Salt Hydrolysis 

Concept Reasoning Level 

Serial Number/Item/Context 

Reasoning Task 

A B C 

Level 1. Determining the properties of forming compounds of 

salt 

1/Item1A 6/Item1

B 

11/Item1

C 

Level 2. Explaining the properties of compounds that are 

completely and partially ionized in salt solutions 

16/Item2

A 

21/Item2

B 

26/Item2

C 

Level 3. Determining the properties of salt in water 2/Item3A I7tem3B 12/Item3

C 

Level 4. Explaining the properties of salt based on the forming 

compounds 

17/Item4

A 

22/Item4

B 

27/Item4

C 

Level 5. Determining types of hydrolysis reaction of salt 3/Item5A 8/Item5

B 

13/Item5

C 

Level 6. Explaining result of salt hydrolysis reaction 18/Item6

A 

23/Item6

B 

28/Item6

C 

Level 7. Calculating pH level of salt solution 4/Item7A 9/Item7

B 

14/Item7

C 

Level 8. Explaining pH calculation result of salt solution 19/Item8

A 

24/Item8

B 

29/Item8

C 

Level 9. Determine types of forming compounds of buffer 

solution 

5/Item9A 10/Item9

B 

15/Item9

C 

Level 10. Explaining the properties of buffer solution based 

on the forming compounds 

20/Item1

0A 

25/Item1

0B 

30Item1

0C 

Description: A =          salt solution, B =       salt solution, C =           salt solution 

 

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 (Herrmann-Abell &and DeBoer, 

2016; Herrmann-Abell &and DeBoer, 2011; Naah &and 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 &and DeBoer, 2016; Herrmann-Abell &and DeBoer, 2011).  



The congruence of the correlation relationship 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, Κ= .97, p<0.0001, or that the item 

validity arrived at „good‟ category (Landis &and Koch, 1977). 

 

Data Collection 

 

The data collection was conducted face-to-face, at school supervised by classroom teachers 

and on campus supervised by researchers. Each 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 confirmed 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 interval data that have the same logit scale using the 

WINSTEPS software version 4.5.5 (Bond &and Fox, 2015; Linacre, 2020). The result is a data 

calibration of the students‟ ability and the level of difficulty of items 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 different items (Bond &and Fox, 2007). It combines algorithm of probabilistic expectation result 

of item „i‟ and student „n‟ as:                                                        . 
The statement                       is the probability of student n in the item i to generate a 

correct answer (x = 1); with the students‟ ability, ßn, and item difficulty level of     (Bond &and 

Fox, 2015; Boone &and Staver, 2020). If the algorithm function is applied into the previous 

equation, it will be                                     ; thus, the probability for a correct 

answer equals to the students‟ ability minus item difficulty level (Sumintono &and Widhiarso, 

2015). 

 The measures of students‟ ability (person)    and item difficulty level    are stated on a 

similar interval and are independent to each other, which are measured in an algorithm unit called 

odds or log that can vary from -00 to +00 (Herrmann-Abell &and DeBoer, 2011; Sumintono &and 

Widhiarso, 2015). The use of logit scale in Rasch model is the standard interval scale that shows the 

size of person and item. Boone et al. (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 represent 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 &and Liu, 2019).  

 

Research Results 

 

Validity and Reliability of the Instruments 

The first step is to ensure the validity of test constructs by measuring the fit validity 

(Banghaei, 2008; Chan et al., 2021). This serves to determine the extent to which the item fits to the 

model, and because it is in accordance with the concept of singular attribute (Boone et al., 2014; 

Boone &and Noltemeyer, 2017; Boone &and Staver, 2020). The mean square residual (MNSQ) 

shows the extent of impact of any misfit with two forms of Outfit MNSQ and Infit MNSQ. Outfit is 
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the chi-square that is sensitive to the outlier. Items 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 mean box of Infit is 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 &and Fox, 2015; Boone &and Staver, 

2020; Lu and& Bi, 2016).  

Table 2 indicates that the average Outfit MNSQ of test item is 1.0 logit; this is in accordance 

with the ideal score range between 0.5-1.5 (Boone et 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 between 849 

students and the 30 KPIH test items is categorized as good. In other words, the instrument has 

excellent psychometric internal consistency and is considered a reliable instrument (Adams &and 

Wieman, 2011; Boone and& Staver, 2020; Sumintono and& Widhiarso, 2015). The results of the 

unidimensionality measurement using Principal Component Analysis (PCA) of the residuals show 

that the raw data variance at 23.5%, meeting the minimum requirements of 20% (Boone and& 

Staver, 2020; Sumintono &and 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).  

 

Table 2  

Summary of Fit Statistics 

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

Measures (logit)   

Meanx   -.20 .00 

SE (standard error) .03 .14 

SD (standard deviation) 0.99 0.75 

Outfit mean square   

x Mean 1.00 1.00 

SD 0.01 0.02 

Separation 1.97 9.15 

Reliability .80 .99 

Cronbach‟s Alpha (KR-

20) 

.81  

 

The results of testing the quality of the item response pattern as well as the interaction between 

person and item show a high score of the separation item index (9.15 logit) and high item reliability 

index (.99 logit); this is the evidence of the level of students' reasoning abilities and supports the 

construct validity of the instrument (Boone &and Staver, 2020; Linacre, 2020). The higher the index 

(separation and reliability) of the items, the stronger the researcher's belief about replication of the 

placement of items in other students that are appropriate (Boone et al., 2014; Boone &and 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 &and 

Staver, 2020; Linacre, 2020).  
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The second step is to ensure the item quality by statistic fit test (Boone &and Staver, 2020; 

Linacre, 2020). An item is considered as misfit if the measurement result of the item does not meet 

the three criteria of: Outfit mean square residual (MNSQ): .5 < y < 1.5; Outfit standardized mean 

square residual (ZSTD): -2 < Z < +2; and point measure correlation (PTMEA CORR): .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 

value is obtained, the item is considered acceptable; however, if a negative value is obtained, then 

the item is considered not functioning properly, or contains misconceptions (Bond &and Fox, 2015; 

Boone et al., 2014; Sumintono &and Widhiarso, 2015). Table 3 indicates that all items are in the 

Outfit MNSQ range, while 18 items are not in the Outfit ZSTD range, and 13 items are not in the Pt-

Measure Corr range, and there is no negative value for the Pt-Measure Corr criteria. There is no 

single item that does not meet all three criteria, so all items are retained. If only one or two criteria 

are not met, the item can still be used for measurement purposes.  

 

Table 3  

Item Fit Analysis 

Item Measure Infit MNSQ Outfit MNSQ Outfit ZSTD 

Point 

Measure 

Correlation 

Item1A -1.21 ,91 .82 -2.96* .44 

Item1B -.55 .94 .95 -1.13 .44 

Item1C -1.13 .95 .91 -1.53 .40 

Item2A -.69 1.05 1.07 1.91 .32* 

Item2B .00 1.09 1.16 3.84* .31* 

Item2C -.19 1.12 1.17 3.92* .28* 

Item3A -.26 .89 .90 -2.41* .49 

Item3B -.41 .87 .83 -4.31* .52 

Item3C -.89 .95 .86 -2.71* .43 

Item4A -.60 1.00 1.07 1.57 .36* 

Item4B -.59 .87 .84 -3.72* .50 

Item4C -.80 .95 .89 -2.11* .42 

Item5A -1.14 .98 .91 -1.45 .37* 

Item5B -.24 .96 .94 -1.55 .43 

Item5C -.87 .97 .89 -2.20* .41 

Item6A .37 .99 1.03 .57 .41 

Item6B .42 .96 .97 -.65 .44 

Item6C .22 .93 .91 -2.20* .48 

Item7A .50 .85 .83 -3.70* .55 

Item7B .45 .83 .82 -3.98* .56 

Item7C -.06 1.02 1.03 .64 .39* 

Item8A 1.16 .89 .90 -1.35 .49 

Item8B 1.58 1.11 1.22 2.20* .27* 

Item8C .16 1.11 1.12 2.70* .31* 

Item9A .49 1.16 1.40 7.40* .25* 

Item9B .70 1.05 1.07 1.27 .36* 

Item9C .82 .99 1.06 1.06 .40 

Item10A .93 1.21 1.28 4.11* .21* 

Item10B .84 1.18 1.27 4.13* .23* 



Item10C .97 1.19 1.36 4.97* .21* 

Description: (*) is the items not in the range of Outfit MNSQ and Point Measure Correlation 

 

The third step is to measure the consistency between item difficulty level and students‟ ability 

level. Figure 1 below is a Wright map that shows the graphic representation of an increase in 

students ability and item difficulty level within the same logit scale (Bond & Fox, 2015). The higher 

the logit scale, the higher the 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 item'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 Item1A (-1.21 logit) is the easiest item. However, at the lower (<-1.21 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. Wright Map: Person-Map-Item 



 
 

 

Difference in Item Reasoning Difficulty of Salt Hydrolysis:         ,      , and           



 

Based on the size of logit value item (LVI), by dividing the distribution of measure of all logit 

items based on the average of item and deviation standard, the item reasoning difficult level of salt 

hydrolysis of         ,      , and           is categorized into four categories: easiest items to 

reason (LVI ≤ -.75 logit), easy items to reason (-.75 ≥ LVI ≥ .00 logit), difficult items to reason (.00 

≥ LVI ≥ .75 logit), and most difficult items to reason (LVI > .75 logit). 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, Item2A (-.69) and Item2C (-.19) are easier for students to reason 

than Item2B (.00). Second, the sequence of item difficulty in saline solutions of         ,      , 
and           is different and do not match the conceptual map (Table 1). For example, Item5A(-

1.14), was found to be easier to reason than Item2A(-.69), Item4A(-.60) and Item3A (-.26). In 

contrast, Item8B(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) 

Difficulty Level 
Item Code (logit)  

A B C 

Very Difficult: (LVI > .75 logit). 
Item8A(1.16) 

Item10A(.93) 

Item8B(1.58) 

Item10B(.84) 

Item10C(.97) 

Item9C(.82) 

Difficult: (.00 ≥ LVI ≥ .75 logit) 

Item7A(.50) 

Item9A(.49) 

Item6A(.37) 

 

Item9B(.70) 

Item7B(.45) 

Item6B(.42) 

Item2B(.00) 

Item6C(.22) 

Item8C(.12) 

Easy: (-.75 ≥ LVI ≥ .00 logit) 

Item3A(-.26) 

Item4A(-.60) 

Item2A(-69) 

 

Item5B(-.24) 

Item3B(-.41) 

Item1B(-.55) 

Item4B(-.59) 

Item7C(-.06) 

Item2C(-.19) 

 

Very Easy: (LVI ≤ -.75 logit). 

Item5A(-1.14) 

Item1A(-1.21) 

 

-- Item4C(-.80) 

Item5C(-.87) 

Item3C(-.89) 

Item1C(-1.13) 

Description:  A =            saline solution, B =       salt solution, C =           salt 

solution 

  

The testing of difference of item reasoning difficulty level from the difference of students‟ 

grade level applied Differential Item Functioning (DIF) (Adams et al., 2021; Bond &and 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, the DIF contrast value is less than 0.5 or more than 0.5, and the probability (p) value 

is less than 0.05 or more than 0.05 (Bond &and 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), 

Item10B(.84), Item10A(.93), Item8A(1.16), and Item8B(1.58). Moreover, four curves that approach 

the lower limit are items with low reasoning difficulty level, i.e.: Item1A(-1.21), Item5A(-1.14), 

Item3C(-.89), and Item5C(-.87).  

 

Figure 2. Person DIF plot based on Difference of Students’ Grade Level 



 
Note: A = Upper-Secondary School students, B = Chemistry Education university students, C = Chemistry university 

students 

 

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, Item8A was more difficult than 

Item8B. In other words, the characteristics 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 

The option probability curve is applied to detect the response pattern of students' choice of 

answers on each item. This curve provides a visual image of the distribution of correct answer 

choices and distractor answer choices (containing misconceptions) across the spectrum of students' 

knowledge (starting from high school students, chemistry education students, and chemistry 

students). This allows the researchers to evaluate if the shape of the curve is fit for purpose, or if 

there is something unusual that indicates a structured problem with an item. The shape of the curve 

can show a 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 this article, we present the sample of option probability curve for three items: Item8A, 

Item8B, and Item8C. 

Sample 1 

Figure 3 (a) displays Item8A (1.16 logit) that tests the students‟ reasoning on the pH 

calculation results of         . The 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    ). 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    ), 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      
  ). Meanwhile, students with abilities greater 

than -3.0 choose the correct answer D (pH level of the solution > 7 resulting from the hydrolysis 

reaction of ion      
  ). The pattern of responses produced by students at this level of ability is 

understandable. At the lowest level, students do not understand the calculation of pH and ions 

resulting from the salt hydrolysis reaction (answer choice A). When their 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 
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calculation of pH, but are able to correctly state the ions resulting from the hydrolysis reaction of 

     
  . 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.  

 

Figure 3. (a) Sample of Item8A (1.16 logit) Tests the Students’ Reasoning on pH Calculation Result 

of         , (b) Option Probability Curve of the Said Item. 

 
 

Sample 2 

Figure 4 (a) displays Item8B (1.58 logit) that tests the students‟ reasoning on the pH 

calculation results of      . The option probability curve of this item is shown in Figure 4 (b).  

 

Figure 4. (a) Sample Item8B (1.58 logit) Testing the Students’ Reasoning on pH Calculation Result 

of       (b) the Option Probability Curve of the Said Item 

 
 

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    ). The answer B (pH level of the solution > 7 resulting from the 



hydrolysis reaction of ion    ) and answer C (pH level of the solution < 7 resulting from the 

hydrolysis reaction of ion     ) show two curve peaks in the probability of students‟ ability 
between -4.0 and +1.0 logit. Meanwhile, the answer D (pH level of the solution > 7 resulting from 

the hydrolysis reaction of ion     ) increases along 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 Item 8A. In addition, the visualization of 

answer choices B and C curves is seen with three peaks, reflecting unusual or odd curves, which 

decrease as understanding increases. 

 

Sample 3 

Figure 5 (a) displays Item8C (.12 logit) that tests the students‟ reasoning on the pH 

calculation results of          . 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          , (b) Option Probability Curve of the Said Item 

 
 

The probability of answer A (pH level of the solution < 7 resulting from the hydrolysis 

reaction of ion    
 ) is the highest for students with lowest reasoning ability (between <-3.0 and 

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 reaction of ion    
  

) 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    
  

) is at the ability range of high-

ability students (<2.0 logit). The correct answer B (pH level of the solution > 7 resulting from the 

hydrolysis reaction of ion    
 ) at the ability range between -4.0 and 5.0 logit increases 

monotonously along with the decline in curve A, C, and D.  

It is 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 forms, namely the 0 and 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 Item8C, 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 Item8A), 

049AF(2.07) and 094AM(2.07) choosing the misconception answer C (for Item8B), and 

659BF(2.41) choosing the misconception answer A (for Item8B). Item8C) is a different pattern of 

misconceptions.  

 

Table 6 

Scalogram Analysis 

 
 

 

Discussion 

 

The results findings of the study has shown empirical evidence regarding the validity and 

reliability of the measurement 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         , 

     , and           is different (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 difficulty level of 

similar items is different, it is possible that it occurs due to different student responses, where low-

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 a response 

pattern of item misconceptions that tend to be resistant, especially related to the construct of 

calculating the pH of the salt solution. 
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The results findings of the research above show that the difficulty level of the three salt 

hydrolysis compounds (        ,       dan          ) tends to be different. This difference is 

relatively caused by the poor level of mastery of the content and, therefore, gives different reasoning 

responses in the context of the three salt hydrolysis compounds in question. This fact reinforces the 

findings of Davidowitz and & Potgieter (2016) and Park and & Liu (2019) that reasoning and 

misconceptions tend to be strongly influenced by students' content mastery. This fact has also been 

explained by Chu et al. (2009), that students showed the existence of context-dependent alternative 

conceptions or misconceptions 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) foundind that students' scientific explanations do not 

represent their overall understanding of their understanding of a particular item. However, Weston et 

al. (2015) proposed the opposite results, that 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 example: answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion 

   ) for Item8A, answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of 

ion    ) for Item8B, and answer D (pH level of the solution > 7 resulting from the hydrolysis 

reaction of ion    
  

) for Item8C.  It can be seen that all three show the same pattern of 

misconceptions, in terms of: (a) the pH value of the solution is > 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 

scientifically; they also tend to find it difficult to reason about the hydrolysis reaction of salt 

solutions. For example, the hydrolysis reaction:               
      

  , where ion    
  

                  and excess of ion    cause pH level of the solution to be < 7 and acidic. In 

addition, the hydrolysis reaction of salt:                 , where ion      that reacts with 

water becomes                       , excess of ion     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    and     towards the pH change of saline 

solution. This finding supports Tümay‟s (2016) conclusion, that most of students are unable to 

conceptualize properties acid-base and strength of acid as the property that results from interaction 

between many factors. 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 conceptual reasoning in explaining the context of the item. 

The resultsfindings of this study has showns 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. 

Therefore, they experience difficulty calculating the pH of the saline solution. This supports the 

conclusions of Orwal et al. (2017) and Damanhuri et al. (2016), that students have difficulty in 

explaining the nature of acid-base, strong base and weak base, despite that more than 80% of them 

understand that ionized acids in water produce ion    and that the pH level of neutral solution 

equals to 7, as well as be able to write down the chemical equation for reaction between acid and 

base.  The previous findings also strengthen the study by Solihah (2015), that students assume that 
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the addition of a small amount of strong acid and strong base 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 affects the shift in equilibrium. Experts argue that difficulties in understanding 

the nature of acid-base tend to be influenced by the cultural background of students, and therefore 

their understanding becomes different and inconsistent (Chiu, 2007; Kala et al., 2013; Lin &and 

Chiu, 2007).  

   

Conclusion and Implication 

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 pattern 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 appropriate and measurable instructional strategies. 

The study shows how to combine the procedures of qualitative item development and quantitative 

data analysis that allow us to investigate deeper regarding the reasoning difficulties and 

misconceptions on hydrolysis. The example of using the 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 

misconceptions that are commonly experienced by high-ability learners. 

These research items are carefully developed and constantly aligned with key ideas 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 assessment by validating the 

reasoning ability test of the hydrolysis concept using psychometric analysis techniques based on the 

Rasch model of measurement. 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' conceptual 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 

This study has not considered the differences in the context of the problem presentation and 

the characteristics of the item on the item difficulty level parameter. Therefore, it is difficult to 

distinguish the difficulty of items based on differences in 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 reasoning in different 

content scopes. 
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RASCH MODELLING TO EVALUATE REASONING DIFFICULTIES, 
CHANGES OF RESPONSES, AND ITEM MISCONCEPTION PATTERN OF 
HYDROLYSIS 
 
Lukman A. R. Laliyo, Akram La Kilo, Mardjan Paputungan, Wiwin Rewini Kunusa, Lilan 
Dama, Citra Panigoro  
Gorontalo State University, Indonesia 
 
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 test items, measuring ten levels of conceptual reasoning ability in three types of 
salt hydrolysis compounds: ,  and . These 30 written test items were completed 
by 849 students in Gorontalo, Indonesia. 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 patterns were found; the misconception curve showed a 
declining 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. 
Keywords: reasoning difficulties, hydrolysis, misconception, Rasch model. 
 
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 this ability 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 difficulties they experience. Many factors 
can cause the cause of this difficulty; one of which potentially hinders the conceptual development 
of students is 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 difficulties in 
elaborating the linkages between concepts (Johnstone, 1991; Taber, 2019), as well as difficulties in 
explaining social-scientific problems with the knowledge in chemistry that they have learned in 
school (Bruder & Prescott, 2013; Kinslow et al., 2018; Owens et al., 2019). These types of 
difficulties commonly 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 from 
scientific concepts (Alamina & Etokeren, 2018; Bradley & Mosimege, 1998; Damanhuri et al., 
2016; Orwat et al., 2017; Yaşar et al., 2014).  

Misconceptions that are resistant (Hoe & Subramaniam, 2016) tend to hinder the correct 
process of conceptual reasoning (Soeharto & Csapó, 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; Orwat et al., 2017). Therefore, it is 
crucial to understand how these misconceptions occur in the process of concept reasoning in order to 
formulate proper strategies to develop students’ understanding that is accurate and scientific 
(Chandrasegaran et al., 2008; Kolomuç & Çalik, 2012; Sunyono et al., 2016).  

Salt hydrolysis is one of the concepts in chemistry that students often find it difficult to 
understand (Damanhuri et al., 2016; Orwat et al., 2017; Tümay, 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 solution due to the students’ lack of competence in 
explaining the acid-base concept and chemical equilibrium (Demircioǧlu et al., 2005; Orgill & 
Sutherland, 2008; Orwat et al., 2017); error in interpreting the concept of acid-base strength 
(Tümay, 2016); difficulty in understanding the definition of salt hydrolysis and characteristics of salt 
(Sesen & Tarhan, 2011); and difficulty in reasoning the concept of formulation and capacity of 
buffer solution (Maratusholihah 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 understood 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 misconception 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 approach 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 misconceptions 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 inseparable 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: , , and 
 are analyzed by distractor-type multiple choices test. Each item contains one correct 

answer choice and three answer choices designed on a distractor 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 reported by Tümay (2016) 
regarding misconceptions in acid-base reaction, Seçken (2010) on misconceptions in salt hydrolysis, 
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 understand. 

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 dichotomous score, the curve that is appropriate with the probability of 
correct answer choice usually increases monotonously 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). Items 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 instrument and 
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  and  
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 construct 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 pattern of students' items shows resistant misconceptions? This question 
is to detect a hierarchy of misconception 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' 
misconceptions to be resistant in the construct in question. 
 
Research 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 in the 
learning process and learning materials. In other words, no treatments were 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 forming 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. 
 

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 
technique. 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). Meanwhile, students B and C 
(aged 19-21 years) were randomly selected from a population of 1200 students from the Faculty of 
Mathematics and Natural sciences, from one of the universities in Gorontalo, Indonesia. Prior to 
conducting this study, the respondents in A group were confirmed to have learned formally about 
acid-base, properties of hydrolyzed salts, hydrolysis reactions, 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 to research 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 research instrument involved 30 items that measure the students’ reasoning ability on the 

concept of hydrolysis. The instrument 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 that involves ten levels of constructs. A difference in level of reasoning construct 
represents the qualitative improvement of the measured construct (Wilson, 2009, 2012). These 
construct 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 construct has three typical items, for example, 1/Item1A, 6/Item1B, and 
11/Item1C. These items measure the level 1 construct, i.e., determining the characteristics of 
forming compounds of , , and . These three items are different from 
each other from the context of reasoning task of hydrolysis solution.  
 
Table 1 
Conceptual Map of Reasoning of Salt Hydrolysis 
 

Concept Reasoning Level 
Serial Number/Item/Context 

Reasoning Task 
A B C 

Level 1. Determining the properties of forming compounds of salt 1/Item1A 6/Item1B 11/Item1
C 

Level 2. Explaining the properties of compounds that are 
completely and partially ionized in salt solutions 

16/Item2A 21/Item2
B 

26/Item2
C 

Level 3. Determining the properties of salt in water 2/Item3A I7tem3B 12/Item3
C 

Level 4. Explaining the properties of salt based on the forming 
compounds 

17/Item4A 22/Item4
B 

27/Item4
C 

Level 5. Determining types of hydrolysis reaction of salt 3/Item5A 8/Item5B 13/Item5
C 

Level 6. Explaining result of salt hydrolysis reaction 18/Item6A 23/Item6
B 

28/Item6
C 

Level 7. Calculating pH level of salt solution 4/Item7A 9/Item7B 14/Item7
C 

Level 8. Explaining pH calculation result of salt solution 19/Item8A 24/Item8
B 

29/Item8
C 

Level 9. Determine types of forming compounds of buffer solution 5/Item9A 10/Item9
B 

15/Item9
C 

Level 10. Explaining the properties of buffer solution based on the 
forming compounds 

20/Item10
A 

25/Item1
0B 

30Item10
C 

Description: A =  salt solution, B =  salt solution, C =  salt solution 
 

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 (Herrmann-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 
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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, Κ= .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 by researchers. Each 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 confirmed 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 interval data that have the same logit scale using the 
WINSTEPS 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 of items 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 different items (Bond & Fox, 2007). It combines algorithm of probabilistic expectation result of 
item ‘i’ and student ‘n’ as: . 
The statement  is the probability of student n in the item i to generate a 
correct answer (x = 1); with the students’ ability, ßn, and item difficulty level of   (Bond & Fox, 
2015; Boone & Staver, 2020). If the algorithm function is applied into the previous equation, it will 
be ; thus, the probability for a correct answer equals to 
the students’ ability minus item difficulty level (Sumintono & Widhiarso, 2015). 

 The measures of students’ ability (person)  and the item difficulty level  are stated on a 
similar interval and are independent to each other, which are measured in an algorithm unit called 
odds or log that can vary from -00 to +00 (Herrmann-Abell & DeBoer, 2011; Sumintono & 
Widhiarso, 2015). The use of logit scale in Rasch model is the standard interval scale that shows the 
size of person and item. Boone et al. (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 represent 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 
 

Validity and Reliability of the Instruments 
 
The first step is to ensure the validity of test constructs by measuring the fit validity 

(Banghaei, 2008; Chan et al., 2021). This serves to determine the extent to which the item fits to the 
model, and because it is in accordance with the concept of singular attribute (Boone et al., 2014; 
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 MNSQ. Outfit is the chi-
square that is sensitive to the outlier. Items 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 mean box of Infit is 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 indicates that the average Outfit MNSQ of test item is 1.0 logit; this is in accordance 
with the ideal score range between 0.5-1.5 (Boone et 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 between 849 
students and the 30 KPIH test items is categorized as good. In other words, the instrument has 
excellent psychometric internal consistency and is considered a reliable instrument (Adams & 
Wieman, 2011; Boone & Staver, 2020; Sumintono & Widhiarso, 2015). The results of the 
unidimensionality measurement using Principal Component Analysis (PCA) of the residuals show 
that the raw data variance at 23.5%, meeting 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).  
 
Table 2  
Summary of Fit Statistics 
 
 Student (N=849) Item (N=30) 
Measures (logit)   

x̄  -.20 .00 
SE (standard error) .03 .14 
SD (standard deviation) 0.99 0.75 

Outfit mean square   
x̄ 1.00 1.00 
SD 0.01 0.02 

Separation 1.97 9.15 
Reliability .80 .99 
Cronbach’s Alpha (KR-20) .81  

 
The results of testing the quality of the item response pattern as well as the interaction between 

person and item show a high score of the separation item index (9.15 logit) and high item 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 researcher's 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 & Staver, 2020; 
Linacre, 2020). An item is considered as misfit if the measurement result of the item does not meet 
the three criteria of: Outfit mean square residual (MNSQ): .5 < y < 1.5; Outfit standardized mean 
square residual (ZSTD): -2 < Z < +2; and point measure correlation (PTMEA CORR): .4 < x < .8. 
Outfit ZSTD value serves to determine that the item has reasonable predictability. Meanwhile, the 
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Pt-Measure Corr value is intended to check whether all items function as expected. If a positive 
value is obtained, the item is considered acceptable; however, if a negative value is obtained, then 
the item is considered not functioning properly, or contains misconceptions (Bond & Fox, 2015; 
Boone et al., 2014; Sumintono & Widhiarso, 2015). Table 3 indicates that all items are in the Outfit 
MNSQ range, while 18 items are not in the Outfit ZSTD range, and 13 items are not in the Pt-
Measure Corr range, and there is no negative value for the Pt-Measure Corr criteria. There is no 
single item that does not meet all three criteria, so all items are retained. If only one or two criteria 
are not met, the item can still be used for measurement purposes.  
 
Table 3  
Item Fit Analysis 
 

Item Measure Infit MNSQ Outfit MNSQ Outfit ZSTD 
Point 
Measure 
Correlation 

Item1A -1.21 ,91 .82 -2.96* .44 
Item1B -.55 .94 .95 -1.13 .44 
Item1C -1.13 .95 .91 -1.53 .40 
Item2A -.69 1.05 1.07 1.91 .32* 
Item2B .00 1.09 1.16 3.84* .31* 
Item2C -.19 1.12 1.17 3.92* .28* 
Item3A -.26 .89 .90 -2.41* .49 
Item3B -.41 .87 .83 -4.31* .52 
Item3C -.89 .95 .86 -2.71* .43 
Item4A -.60 1.00 1.07 1.57 .36* 
Item4B -.59 .87 .84 -3.72* .50 
Item4C -.80 .95 .89 -2.11* .42 
Item5A -1.14 .98 .91 -1.45 .37* 
Item5B -.24 .96 .94 -1.55 .43 
Item5C -.87 .97 .89 -2.20* .41 
Item6A .37 .99 1.03 .57 .41 
Item6B .42 .96 .97 -.65 .44 
Item6C .22 .93 .91 -2.20* .48 
Item7A .50 .85 .83 -3.70* .55 
Item7B .45 .83 .82 -3.98* .56 
Item7C -.06 1.02 1.03 .64 .39* 
Item8A 1.16 .89 .90 -1.35 .49 
Item8B 1.58 1.11 1.22 2.20* .27* 
Item8C .16 1.11 1.12 2.70* .31* 
Item9A .49 1.16 1.40 7.40* .25* 
Item9B .70 1.05 1.07 1.27 .36* 
Item9C .82 .99 1.06 1.06 .40 
Item10A .93 1.21 1.28 4.11* .21* 
Item10B .84 1.18 1.27 4.13* .23* 
Item10C .97 1.19 1.36 4.97* .21* 

Description: (*) is the items not in the range of Outfit MNSQ and Point Measure Correlation 
 

The third step is to measure the consistency between item difficulty level and students’ ability 
level. Figure 1 below is a Wright map that shows the graphic representation of an increase in the 
students’ ability and the item’s difficulty levels within the same logit scale (Bond & Fox, 2015). The 
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higher the logit scale, the higher the 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 item'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 Item1A (-1.21 logit) is the easiest item. However, at the lower (<-1.21 
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 
Wright Map: Person-Map-Item 



 
 
 

Difference in Item Reasoning Difficulty of Salt Hydrolysis: , , and  
 



Based on the size of logit value item (LVI), by dividing the distribution of measure of all logit 
items based on the average of item and deviation standard, the item reasoning difficulty level of salt 
hydrolysis of , , and  is categorized into four categories: easiest items to 
reason (LVI ≤ -.75 logit), easy items to reason (-.75 ≥ LVI ≥ .00 logit), difficult items to reason (.00 
≥ LVI ≥ .75 logit), and most difficult items to reason (LVI > .75 logit). 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, Item2A (-.69) and Item2C (-.19) are easier for students to reason 
than Item2B (.00). Second, the sequence of item difficulty in saline solutions of , , 
and  is different and does not match the conceptual map (Table 1). For example, Item 
5A(-1.14), was found to be easier to reason than Item2A(-.69), Item4A(-.60) and Item3A (-.26). In 
contrast, Item8B (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) 
 

Difficulty Level Item Code (logit) 
A B C 

Very Difficult: (LVI > .75 logit). Item8A(1.16) 
Item10A(.93) 

Item8B(1.58) 
Item10B(.84) 

Item10C(.97) 
Item9C(.82) 

Difficult: (.00 ≥ LVI ≥ .75 logit) 

Item7A(.50) 
Item9A(.49) 
Item6A(.37) 
 

Item9B(.70) 
Item7B(.45) 
Item6B(.42) 
Item2B(.00) 

Item6C(.22) 
Item8C(.12) 

Easy: (-.75 ≥ LVI ≥ .00 logit) 

Item3A(-.26) 
Item4A(-.60) 
Item2A(-69) 
 

Item5B(-.24) 
Item3B(-.41) 
Item1B(-.55) 
Item4B(-.59) 

Item7C(-.06) 
Item2C(-.19) 
 

Very Easy: (LVI ≤ -.75 logit). 

Item5A(-1.14) 
Item1A(-1.21) 
 

-- Item4C(-.80) 
Item5C(-.87) 
Item3C(-.89) 
Item1C(-1.13) 

Description:  A =  saline solution, B =  salt solution, C =  salt 
solution 

  
The testing of difference of item reasoning difficulty level from the difference of students’ 

grade level applied 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, the DIF 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), 
Item10B (.84), Item10A (.93), Item8A (1.16), and Item8B (1.58). Moreover, four curves that 
approach the lower limit are items with low reasoning difficulty level, i.e.: Item1A (-1.21), Item5A 
(-1.14), Item3C (-.89), and Item5C (-.87).  
 
Figure 2 
Person DIF plot based on Difference of Students’ Grade Level 
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Note: A = Upper-Secondary School students, B = Chemistry Education university students, C = Chemistry university 
students 
 

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, Item8A was more difficult than 
Item8B. In other words, the characteristics 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 

 
The option probability curve is applied to detect the response pattern of students' choice of 

answers on each item. This curve provides a visual image of the distribution of correct answer 
choices and distractor answer choices (containing misconceptions) across the spectrum of students' 
knowledge (starting from high school students, chemistry education students, and chemistry 
students). This allows the researchers to evaluate if the shape of the curve is fit for purpose, or if 
there is something unusual that indicates a structured problem with an item. The shape of the curve 
can show a 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 this article, we present the sample of option probability curve for three items: Item8A, 
Item8B, and Item8C. 

 
Sample 1 

 
Figure 3 (a) displays Item8A (1.16 logit) that tests the students’ reasoning on the pH 

calculation results of . The 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 ). 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 ), 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 ). Meanwhile, students with abilities greater 
than -3.0 choose the correct answer D (pH level of the solution > 7 resulting from the hydrolysis 
reaction of ion ). The pattern of responses produced by students at this level of ability is 
understandable. At the lowest level, students do not understand the calculation of pH and ions 
resulting from the salt hydrolysis reaction (answer choice A). When their 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 

. 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.  
 
Figure 3. (a) Sample of Item8A (1.16 logit) Tests the Students’ Reasoning on pH Calculation Result 
of , (b) Option Probability Curve of the Said Item 
 

 
 

Sample 2 
 

Figure 4 (a) displays Item8B (1.58 logit) that tests the students’ reasoning on the pH 
calculation results of . The option probability curve of this item is shown in Figure 4 (b).  
 
Figure 4 
(a) Sample Item8B (1.58 logit) Testing the Students’ Reasoning on pH Calculation Result of  
(b) the Option Probability Curve of the Said Item 



 
 
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 ). The answer B (pH level of the solution > 7 resulting from the 
hydrolysis reaction of ion ) and answer C (pH level of the solution < 7 resulting from the 
hydrolysis reaction of ion ) show two curve peaks in the probability of students’ ability 
between -4.0 and +1.0 logit. Meanwhile, the answer D (pH level of the solution > 7 resulting from 
the hydrolysis reaction of ion ) increases along 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 Item 8A. In addition, the visualization of 
answer choices B and C curves is seen with three peaks, reflecting unusual or odd curves, which 
decrease as understanding increases. 
 

Sample 3 
 
Figure 5 (a) displays Item8C (.12 logit) that tests the students’ reasoning on the pH 

calculation results of . 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 

, (b) Option Probability Curve of the Said Item 



 
 
The probability of answer A (pH level of the solution < 7 resulting from the hydrolysis 

reaction of ion ) is the highest for students with lowest reasoning ability (between <-3.0 and 
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 reaction of ion ) 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 ) is at the ability range of high-
ability students (<2.0 logit). The correct answer B (pH level of the solution > 7 resulting from the 
hydrolysis reaction of ion ) at the ability range between -4.0 and 5.0 logit increases 
monotonously along with the decline in curve A, C, and D.  

It is 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 forms, namely the 0 and 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 Item8C, 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 Item8A), 
049AF (2.07) and 094AM (2.07) choosing the misconception answer C (for Item8B), and 
659BF(2.41) choosing the misconception answer A (for Item8B). Item8C) is a different pattern of 
misconceptions.  
 
Table 6 
Scalogram Analysis 



 
 
 
Discussion 

 
The results of the study have shown empirical evidence regarding the validity and reliability of 

the measurement 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 , , and 

 is different (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 difficulty level of similar 
items is different, it is possible that it occurs due to different student responses, where low-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 a response pattern of item 
misconceptions that tend to be resistant, especially related to the construct of calculating the pH of 
the salt solution. 

The results of the research above show that the difficulty level of the three salt hydrolysis 
compounds ( ,  dan ) tends to be different. This difference is relatively 
caused by the poor level of mastery of the content and, therefore, gives different reasoning responses 
in the context of the three salt hydrolysis compounds in question. This fact reinforces the findings of 
Davidowitz and Potgieter (2016) and Park and Liu (2019) that reasoning and misconceptions tend to 
be strongly influenced by students' content mastery. This fact has also been explained by Chu et al. 
(2009), that students showed the existence of context-dependent alternative conceptions or 
misconceptions 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 of their understanding of a particular item. However, Weston et al. (2015) 
proposed the opposite results, that 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 example: answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion 

) for Item8A, answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of 
ion ) for Item8B, and answer D (pH level of the solution > 7 resulting from the hydrolysis 
reaction of ion ) for Item8C.  It can be seen that all three show the same pattern of 
misconceptions, in terms of: (a) the pH value of the solution is > 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 
scientifically; they also tend to find it difficult to reason about the hydrolysis reaction of salt 
solutions. For example, the hydrolysis reaction: , where ion 

 and excess of ion  cause pH level of the solution to be < 7 and 
acidic. In addition, the hydrolysis reaction of salt: , where ion  that 
reacts with water becomes , excess of ion  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  and  towards the pH 
change of saline solution. This finding supports Tümay’s (2016) conclusion, that most of students 
are unable to conceptualize properties acid-base and strength of acid as the property that results from 
interaction between many factors. 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 conceptual reasoning in explaining the context of the item. 

The 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. Therefore, 
they experience difficulty calculating the pH of the saline solution. This supports the conclusions of 
Orwal et al. (2017) and Damanhuri et al. (2016), that students have difficulty in explaining the 
nature of acid-base, strong base and weak base, despite that more than 80% of them understand that 
ionized acids in water produce ion  and that the pH level of neutral solution equals to 7, as well 
as be able to write down the chemical equation for reaction between acid and base. The previous 
findings also strengthen the study by Solihah (2015), that students assume that the addition of a 
small amount of strong acid and strong base 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 affects the shift in equilibrium. Experts argue that difficulties in understanding the 
nature of acid-base tend to be influenced by the 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 pattern 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 appropriate and measurable instructional strategies. 
The study shows how to combine the procedures of qualitative item development and quantitative 
data analysis that allow us to investigate deeper regarding the reasoning difficulties and 
misconceptions on hydrolysis. The example of using the 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 
misconceptions that are commonly experienced by high-ability learners. 

These research items are carefully developed and constantly aligned with key ideas 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 assessment by validating the 
reasoning ability test of the hydrolysis concept using psychometric analysis techniques based on the 
Rasch model of measurement. 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' conceptual 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 

 
This study has not considered the differences in the context of the problem presentation and 

the characteristics of the item on the item difficulty level parameter. Therefore, it is difficult to 
distinguish the difficulty of items based on differences in 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 reasoning in different 
content scopes. 
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Citra Panigoro 
Gorontalo State University, Indonesia 

 
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 test items, measuring ten levels of conceptual reasoning ability in three types of salt 

hydrolysis compounds:         ,       and          . These 30 written test items were completed by 849 

students in Gorontalo, Indonesia. 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 patterns were found; the misconception curve showed a declining 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. 

Keywords: reasoning difficulties, hydrolysis, misconception, Rasch model. 

 

 

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 this 

ability 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 difficulties they experience. Many factors can cause the cause of this 

difficulty; one of which potentially hinders the conceptual development of students is 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 difficulties in elaborating the linkages 

between concepts (Johnstone, 1991; Taber, 2019), as well as difficulties in explaining social-scientific 

problems with the knowledge in chemistry that they have learned in school (Bruder and Prescott, 2013; 

Kinslow et al., 2018; Owens et al., 2019). These types of difficulties commonly take place due to the 

students‟ conceptual understanding that they form according to their own thought process (Ausubel et 

al., 1978; Yildirir and 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 and Bi, 2016), that contains misconception (Johnstone, 2006, 2010; 

Taber, 2002, 2009), and is divergent from scientific concepts (Alamina and Etokeren, 2018; Bradley and 

Mosimege, 1998; Damanhuri et al., 2016; Orwat et al., 2017; Yaşar et al., 2014).  

Misconceptions that are resistant (Hoe and Subramaniam, 2016) tend to hinder the correct process 

of conceptual reasoning (Soeharto and Csapó, 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 misconception 



come in various forms (Aktan, 2013; Orwat et al., 2017). Therefore, it is crucial to understand how these 

misconception occur in the process of concept reasoning in order to formulate proper strategies to 

develop students‟ understanding that is accurate and scientific (Chandrasegaran et al., 2008; Kolomuç 

and Çalik, 2012; Sunyono et al., 2016).  

Salt hydrolysis is one of the concepts in chemistry that students often find it difficult to understand 

(Damanhuri et al., 2016; Orwat et al., 2017; Tümay, 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 solution due to the students‟ lack of competence in explaining the acid-

base concept and chemical equilibrium (Demircioǧlu et al., 2005; Orgill and Sutherland, 2008; Orwat et 

al., 2017); error in interpreting the concept of acid-base strength (Tümay, 2016); difficulty in 

understanding the definition of salt hydrolysis and characteristics of salt (Sesen and Tarhan, 2011); and 

difficulty in reasoning the concept of formulation and capacity of buffer solution (Maratusholihah et al., 

2017; Sesen and Tarhan, 2011; Tarhan and 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 

understood at the item level and individual students. This information is crucial for teachers in making 

subsequent instructional decisions. 

Studies on misconception 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 and Widhiarso, 2015). Hence, research that use raw 

scores as reference to obtain conclusion are rather limited in presenting relevant information regarding 

reasoning difficulties and misconception characteristics of items and students. Psychometrically, this 

approach tend to have limitations in measuring accurately (Pentecost and Barbera, 2013), due to the 

difference of scales in the measurement characteristics (Linn and 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 

approach that employs probabilistic measurement that goes beyond raw score measurement (Boone and 

Staver, 2020; Liu, 2012; Wei et al., 2012). 

Research 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 

on misconceptions in chemistry by (Herrmann-Abell and DeBoer, 2016; Herrmann-Abell and 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 misconceptions in concept of 

matter state change. In spite of this, research 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 

inseparable from the said context in which the content is understood (Davidowitz and Potgieter, 2016; 

Park and 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 with a context (Nehm and Ha, 2011). The term „context‟ in this study refers to a 

scientific content or topic (Cobb and Bowers, 1999; Grossman and Stodolsky, 1995; Park and 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 concept of salt hydrolysis:         ,      , and           are 

analyzed by distractor-type multiple choices test. Each item contains one correct answer choice and three 

answer choices designed on a distractor 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 reported by Tümay (2016) regarding misconceptions in acid-

base reaction, Seçken (2010) on misconceptions in salt hydrolysis, Damanhuri et al. (2016) regarding 

acid-base strength, and Orwat et al. (2017) on misconception 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 understand. 

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 and Staver, 2020; Laliyo et al., 2022; Linacre, 

2020). By dichotomous score, the curve that is appropriate with the probability of correct answer choice 

usually increases monotonously along with the increase in students‟ understanding; while the curve for 

the distractor sequence tend to decline monotonously as the students‟ understanding increases 

(Haladyna, 2004; Haladyna and Rodriguez, 2013; Herrmann-Abell and DeBoer, 2016). Items influenced 

by distractors will usually generate a curve that deviates from the monotonous behavior of traditional 

items (Herrmann-Abell and DeBoer, 2016; Herrmann-Abell and DeBoer, 2011; Sadler, 1998; Wind and 

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 instrument and 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          and       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 

construct 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 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 pattern of students' items shows resistant misconceptions? This question is to detect a 

hierarchy of misconception 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' misconceptions to be resistant in 

the construct in question. 

 

Research 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 in the learning process and learning 

materials. In other words, no treatments were 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 

forming 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 

were obtained from the government, the school administration staff, and the university board of leaders. 

 

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 technique. 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). Meanwhile, students B and C (aged 19-21 years) were randomly 

selected from a population of 1200 students from the Faculty of Mathematics and Natural sciences, from 

one of the universities in Gorontalo, Indonesia. Prior to conducting this study, the respondents in A 

group were confirmed to have learned formally about acid-base, properties of hydrolyzed salts, 

hydrolysis reactions, 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 to 

research 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 research instrument involved 30 items that measure the students‟ reasoning ability on concept 

of hydrolysis. The instrument was in the form of multiple-choices test that was adapted from 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 that involves ten levels 

of constructs. A difference in level of reasoning construct represents the qualitative improvement of the 

measured construct (Wilson, 2009, 2012). These construct levels refers to the Curriculum Standard of 

Chemistry Subject in Eleventh Grade in Indonesia, as per the Regulation of Ministry of Education and 

Culture of Republic of Indonesia No. 37/2018. Each level of construct has three typical items, for 

example, 1/Item1A, 6/Item1B, and 11/Item1C. These items measure the level 1 construct, i.e., 

determining the characteristics of forming compounds of         ,      , and          . These 

three items are different from each other from the context of reasoning task of hydrolysis solution.  

 

Table 1 

Conceptual Map of Reasoning of Salt Hydrolysis 

 



Concept Reasoning Level 

Serial Number/Item/Context 

Reasoning Task 

A B C 

Level 1. Determining the properties of forming compounds of salt 1/Item1A 6/Item1B 11/Item1C 

Level 2. Explaining the properties of compounds that are completely 

and partially ionized in salt solutions 

16/Item2A 21/Item2

B 

26/Item2C 

Level 3. Determining the properties of salt in water 2/Item3A I7tem3B 12/Item3C 

Level 4. Explaining the properties of salt based on the forming 

compounds 

17/Item4A 22/Item4

B 

27/Item4C 

Level 5. Determining types of hydrolysis reaction of salt 3/Item5A 8/Item5B 13/Item5C 

Level 6. Explaining result of salt hydrolysis reaction 18/Item6A 23/Item6

B 

28/Item6C 

Level 7. Calculating pH level of salt solution 4/Item7A 9/Item7B 14/Item7C 

Level 8. Explaining pH calculation result of salt solution 19/Item8A 24/Item8

B 

29/Item8C 

Level 9. Determine types of forming compounds of buffer solution 5/Item9A 10/Item9

B 

15/Item9C 

Level 10. Explaining the properties of buffer solution based on the 

forming compounds 

20/Item10

A 

25/Item10

B 

30Item10

C 
Description: A =          salt solution, B =       salt solution, C =           salt solution 

 

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 (Herrmann-Abell and DeBoer, 2016; Herrmann-

Abell and DeBoer, 2011; Naah and 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 and DeBoer, 2016; 

Herrmann-Abell and 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, Κ= .97, p<0.0001, or that the item validity arrived at „good‟ 

category (Landis and Koch, 1977). 

 

Data Collection 

 

The data collection was conducted face-to-face, at school supervised by classroom teachers and on 

campus supervised by researchers. Each 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 confirmed 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 interval data that have the same logit scale using the WINSTEPS software version 4.5.5 (Bond and 

Fox, 2015; Linacre, 2020). The result is a data calibration of the students‟ ability and the level of 

difficulty of items 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 

different items (Bond and Fox, 2007). It combines algorithm of probabilistic expectation result of item 

„i‟ and student „n‟ as:                                                        . The 

statement                       is the probability of student n in the item i to generate a correct 

answer (x = 1); with the students‟ ability, ßn, and item difficulty level of     (Bond and Fox, 2015; 

Boone and Staver, 2020). If the algorithm function is applied into the previous equation, it will be 

                                    ; thus, the probability for a correct answer equals to the 

students‟ ability minus item difficulty level (Sumintono and Widhiarso, 2015). 

 The measures of students‟ ability (person)    and item difficulty level    are stated on a similar 

interval and are independent to each other, which are measured in an algorithm unit called odds or log 

that can vary from -00 to +00 (Herrmann-Abell and DeBoer, 2011; Sumintono and Widhiarso, 2015). 

The use of logit scale in Rasch model is the standard interval scale that shows the size of person and 

item. Boone et al. (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 represent 

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 and Liu, 2019).  

 

Research Results 

 

Validity and Reliability of the Instruments 

 

The first step is to ensure the validity of test constructs by measuring the fit validity (Banghaei, 

2008; Chan et al., 2021). This serves to determine the extent to which the item fits to the model, and 

because it is in accordance with the concept of singular attribute (Boone et al., 2014; Boone and 

Noltemeyer, 2017; Boone and Staver, 2020). The mean square residual (MNSQ) shows the extent of 

impact of any misfit with two forms of Outfit MNSQ and Infit MNSQ. Outfit is the chi-square that is 

sensitive to the outlier. Items 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 mean box 

of Infit is 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 and Fox, 2015; Boone and Staver, 2020; Lu and Bi, 2016).  

Table 2 indicates that the average Outfit MNSQ of test item is 1.0 logit; this is in accordance with 

the ideal score range between 0.5-1.5 (Boone et 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 between 849 students and the 30 KPIH 

test items is categorized as good. In other words, the instrument has excellent psychometric internal 

consistency and is considered a reliable instrument (Adams and Wieman, 2011; Boone and Staver, 2020; 

Sumintono and Widhiarso, 2015). The results of the unidimensionality measurement using Principal 

Component Analysis (PCA) of the residuals show that the raw data variance at 23.5%, meeting the 

minimum requirements of 20% (Boone and Staver, 2020; Sumintono and 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).  

 

Table 2  

Summary of Fit Statistics 

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



Measures (logit)   

x   -.20 .00 

SE (standard error) .03 .14 

SD (standard deviation) 0.99 0.75 

Outfit mean square   

x  1.00 1.00 

SD 0.01 0.02 

Separation 1.97 9.15 

Reliability .80 .99 

Cronbach‟s Alpha (KR-20) .81  

 
The results of testing the quality of the item response pattern as well as the interaction between 

person and item show a high score of the separation item index (9.15 logit) and high item reliability 

index (.99 logit); this is the evidence of the level of students' reasoning abilities and supports the 

construct validity of the instrument (Boone and Staver, 2020; Linacre, 2020). The higher the index 

(separation and reliability) of the items, the stronger the researcher's belief about replication of the 

placement of items in other students that are appropriate (Boone et al., 2014; Boone and 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 and Staver, 2020; Linacre, 2020).  

The second step is to ensure the item quality by statistic fit test (Boone and Staver, 2020; Linacre, 

2020). An item is considered as misfit if the measurement result of the item does not meet the three 

criteria of: Outfit mean square residual (MNSQ): .5 < y < 1.5; Outfit standardized mean square residual 

(ZSTD): -2 < Z < +2; and point measure correlation (PTMEA CORR): .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 value is obtained, the item is 

considered acceptable; however, if a negative value is obtained, then the item is considered not 

functioning properly, or contains misconceptions (Bond and Fox, 2015; Boone et al., 2014; Sumintono 

and Widhiarso, 2015). Table 3 indicates that all items are in the Outfit MNSQ range, while 18 items are 

not in the Outfit ZSTD range, and 13 items are not in the Pt-Measure Corr range, and there is no 

negative value for the Pt-Measure Corr criteria. There is no single item that does not meet all three 

criteria, so all items are retained. If only one or two criteria are not met, the item can still be used for 

measurement purposes.  

 

Table 3  

Item Fit Analysis 

 

Item Measure Infit MNSQ Outfit MNSQ Outfit ZSTD 
Point Measure 

Correlation 

Item1A -1.21 ,91 .82 -2.96* .44 

Item1B -.55 .94 .95 -1.13 .44 

Item1C -1.13 .95 .91 -1.53 .40 

Item2A -.69 1.05 1.07 1.91 .32* 

Item2B .00 1.09 1.16 3.84* .31* 

Item2C -.19 1.12 1.17 3.92* .28* 

Item3A -.26 .89 .90 -2.41* .49 
Item3B -.41 .87 .83 -4.31* .52 

Item3C -.89 .95 .86 -2.71* .43 

Item4A -.60 1.00 1.07 1.57 .36* 

Item4B -.59 .87 .84 -3.72* .50 



Item4C -.80 .95 .89 -2.11* .42 

Item5A -1.14 .98 .91 -1.45 .37* 

Item5B -.24 .96 .94 -1.55 .43 

Item5C -.87 .97 .89 -2.20* .41 

Item6A .37 .99 1.03 .57 .41 

Item6B .42 .96 .97 -.65 .44 

Item6C .22 .93 .91 -2.20* .48 

Item7A .50 .85 .83 -3.70* .55 

Item7B .45 .83 .82 -3.98* .56 

Item7C -.06 1.02 1.03 .64 .39* 

Item8A 1.16 .89 .90 -1.35 .49 

Item8B 1.58 1.11 1.22 2.20* .27* 

Item8C .16 1.11 1.12 2.70* .31* 

Item9A .49 1.16 1.40 7.40* .25* 

Item9B .70 1.05 1.07 1.27 .36* 

Item9C .82 .99 1.06 1.06 .40 

Item10A .93 1.21 1.28 4.11* .21* 

Item10B .84 1.18 1.27 4.13* .23* 

Item10C .97 1.19 1.36 4.97* .21* 
Description: (*) is the items not in the range of Outfit MNSQ and Point Measure Correlation 

 
The third step is to measure the consistency between item difficulty level and students‟ ability 

level. Figure 1 below is a Wright map that shows the graphic representation of an increase in students 

ability and item difficulty level within the same logit scale (Bond & Fox, 2015). The higher the logit 

scale, the higher the 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 item'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 Item1A 

(-1.21 logit) is the easiest item. However, at the lower (<-1.21 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  
Wright Map: Person-Map-Item 



 
 

 

Difference in Item Reasoning Difficulty of Salt Hydrolysis:         ,      , and           

 



Based on the size of logit value item (LVI), by dividing the distribution of measure of all logit 

items based on the average of item and deviation standard, the item reasoning difficult level of salt 

hydrolysis of         ,      , and           is categorized into four categories: easiest items to 

reason (LVI ≤ -.75 logit), easy items to reason (-.75 ≥ LVI ≥ .00 logit), difficult items to reason (.00 ≥ 

LVI ≥ .75 logit), and most difficult items to reason (LVI > .75 logit). 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, Item2A (-.69) and Item2C (-.19) are easier for students to reason than Item2B (.00). 

Second, the sequence of item difficulty in saline solutions of         ,      , and           is 

different and do not match the conceptual map (Table 1). For example, Item5A(-1.14), was found to be 

easier to reason than Item2A(-.69), Item4A(-.60) and Item3A (-.26). In contrast, Item8B(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)  
 

Difficulty Level 
Item Code (logit)  

A B C 

Very Difficult: (LVI > .75 logit). 
Item8A(1.16) 

Item10A(.93) 

Item8B(1.58) 

Item10B(.84) 

Item10C(.97) 

Item9C(.82) 

Difficult: (.00 ≥ LVI ≥ .75 logit) 

Item7A(.50) 

Item9A(.49) 

Item6A(.37) 

 

Item9B(.70) 

Item7B(.45) 

Item6B(.42) 

Item2B(.00) 

Item6C(.22) 

Item8C(.12) 

Easy: (-.75 ≥ LVI ≥ .00 logit) 

Item3A(-.26) 

Item4A(-.60) 

Item2A(-69) 

 

Item5B(-.24) 

Item3B(-.41) 

Item1B(-.55) 

Item4B(-.59) 

Item7C(-.06) 

Item2C(-.19) 

 

Very Easy: (LVI ≤ -.75 logit). 

Item5A(-1.14) 

Item1A(-1.21) 

 

-- Item4C(-.80) 

Item5C(-.87) 

Item3C(-.89) 

Item1C(-1.13) 
Description:  A =            saline solution, B =       salt solution, C =           salt solution 

  
The testing of difference of item reasoning difficulty level from the difference of students‟ grade 

level applied Differential Item Functioning (DIF) (Adams et al., 2021; Bond and 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, the DIF contrast value is less than 0.5 or more than 0.5, and the probability (p) value is less than 

0.05 or more than 0.05 (Bond and 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), Item10B(.84), 

Item10A(.93), Item8A(1.16), and Item8B(1.58). Moreover, four curves that approach the lower limit are 

items with low reasoning difficulty level, i.e.: Item1A(-1.21), Item5A(-1.14), Item3C(-.89), and 

Item5C(-.87).  

 

Figure 2  
Person DIF plot based on Difference of Students’ Grade Level 

 



 
Note: A = Upper-Secondary School students, B = Chemistry Education university students, C = Chemistry university students 

 
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, Item8A was more difficult than Item8B. 

In other words, the characteristics 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) > Ite10B (.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 

 

The option probability curve is applied to detect the response pattern of students' choice of 

answers on each item. This curve provides a visual image of the distribution of correct answer choices 

and distractor answer choices (containing misconceptions) across the spectrum of students' knowledge 

(starting from high school students, chemistry education students, and chemistry students). This allows 

the researchers to evaluate if the shape of the curve is fit for purpose, or if there is something unusual 

that indicates a structured problem with an item. The shape of the curve can show a 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 this article, we present the 

sample of option probability curve for three items: Item8A, Item8B, and Item8C. 

Sample 1 

 

Figure 3 (a) displays Item8A (1.16 logit) that tests the students‟ reasoning on the pH calculation 

results of         . The 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    ). 

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    ), 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      
  ). Meanwhile, students with abilities greater than -3.0 choose the correct answer D (pH 

level of the solution > 7 resulting from the hydrolysis reaction of ion      
  ). The pattern of responses 

produced by students at this level of ability is understandable. At the lowest level, students do not 

understand the calculation of pH and ions resulting from the salt hydrolysis reaction (answer choice 

A). When their 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      
  . 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.  

 

Figure 3  

(a) Sample of Item8A (1.16 logit) Tests the Students’ Reasoning on pH Calculation Result of         , 

(b) Option Probability Curve of the Said Item 

 

 
 

Sample 2 

 

Figure 4 (a) displays Item8B (1.58 logit) that tests the students‟ reasoning on the pH calculation 

results of      . The option probability curve of this item is shown in Figure 4 (b).  

 

Figure 4 

(a) Sample Item8B (1.58 logit) Testing the Students’ Reasoning on pH Calculation Result of       (b) 

the Option Probability Curve of the Said Item 

 
 
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    ). The answer B (pH level of the solution > 7 resulting from the hydrolysis reaction 



of ion    ) and answer C (pH level of the solution < 7 resulting from the hydrolysis reaction of ion 

    ) show two curve peaks in the probability of students‟ ability between -4.0 and +1.0 logit. 

Meanwhile, the answer D (pH level of the solution > 7 resulting from the hydrolysis reaction of ion 

    ) increases along 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 Item 8A. In addition, the visualization of answer choices B and C curves is seen with three 

peaks, reflecting unusual or odd curves, which decrease as understanding increases. 

 

Sample 3 

 

Figure 5 (a) displays Item8C (.12 logit) that tests the students‟ reasoning on the pH calculation 

results of          . 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 

         , (b) Option Probability Curve of the Said Item 

 
 
The probability of answer A (pH level of the solution < 7 resulting from the hydrolysis reaction 

of ion    
 ) is the highest for students with lowest reasoning ability (between <-3.0 and 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 reaction of ion    
  ) 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    
  ) is at the ability range of high-ability students (<2.0 logit). The 

correct answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion    
 ) at 

the ability range between -4.0 and 5.0 logit increases monotonously along with the decline in curve A, 

C, and D.  

It is 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 forms, namely the 0 and 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 Item8C, 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 Item8A), 049AF(2.07) and 094AM(2.07) 

choosing the misconception answer C (for Item8B), and 659BF(2.41) choosing the misconception 

answer A (for Item8B). Item8C) is a different pattern of misconceptions.  

 

Table 6 

Scalogram Analysis 

 
 

 

Discussion 

 

The results of the study has shown empirical evidence regarding the validity and reliability of the 

measurement 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         ,      , and           is 

different (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 difficulty level of similar items is different, it is 

possible that it occurs due to different student responses, where low-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 a response pattern of item misconceptions that tend to be 

resistant, especially related to the construct of calculating the pH of the salt solution. 

The results of the research above show that the difficulty level of the three salt hydrolysis 

compounds (        ,       dan          ) tends to be different. This difference is relatively caused 

by the poor level of mastery of the content and, therefore, gives different reasoning responses in the 

context of the three salt hydrolysis compounds in question. This fact reinforces the findings of 



Davidowitz and Potgieter (2016) and Park and Liu (2019) that reasoning and misconceptions tend to be 

strongly influenced by students' content mastery. This fact has also been explained by Chu et al. (2009), 

that students showed the existence of context-dependent alternative conceptions or misconceptions 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 of their 

understanding of a particular item. However, Weston et al. (2015) proposed the opposite results, that 

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 

example: answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion    ) for 

Item8A, answer B (pH level of the solution > 7 resulting from the hydrolysis reaction of ion    ) for 

Item8B, and answer D (pH level of the solution > 7 resulting from the hydrolysis reaction of ion    
  ) 

for Item8C.  It can be seen that all three show the same pattern of misconceptions, in terms of: (a) the pH 

value of the solution is > 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 scientifically; they also tend to find it difficult to reason about 

the hydrolysis reaction of salt solutions. For example, the hydrolysis reaction:               
  

    
  , where ion    

                    and excess of ion    cause pH level of the solution 

to be < 7 and acidic. In addition, the hydrolysis reaction of salt:                 , where ion      

that reacts with water becomes                       , excess of ion     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    and     towards the pH change of 

saline solution. This finding supports Tümay‟s (2016) conclusion, that most of students are unable to 

conceptualize properties acid-base and strength of acid as the property that results from interaction 

between many factors. 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 conceptual reasoning in explaining the context of the item. 

The results of this study has 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. Therefore, they experience difficulty 

calculating the pH of the saline solution. This supports the conclusions of Orwal et al. (2017) and 

Damanhuri et al. (2016), that students have difficulty in explaining the nature of acid-base, strong base 

and weak base, despite that more than 80% of them understand that ionized acids in water produce ion 

   and that the pH level of neutral solution equals to 7, as well as be able to write down the chemical 

equation for reaction between acid and base.  The previous findings also strengthen the study by Solihah 

(2015), that students assume that the addition of a small amount of strong acid and strong base 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 affects the shift in equilibrium. Experts argue that 

difficulties in understanding the nature of acid-base tend to be influenced by the cultural background of 

students, and therefore their understanding becomes different and inconsistent (Chiu, 2007; Kala et al., 

2013; Lin and Chiu, 2007).  

   

Conclusion and Implication 

 



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 pattern 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 appropriate and measurable instructional strategies. The study shows how to combine the 

procedures of qualitative item development and quantitative data analysis that allow us to investigate 

deeper regarding the reasoning difficulties and misconceptions on hydrolysis. The example of using the 

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 misconceptions that are commonly experienced by high-ability learners. 

These research items are carefully developed and constantly aligned with key ideas 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 assessment by validating the reasoning 

ability test of the hydrolysis concept using psychometric analysis techniques based on the Rasch model 

of measurement. 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' 

conceptual 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 

 

This study has not considered the differences in the context of the problem presentation and the 

characteristics of the item on the item difficulty level parameter. Therefore, it is difficult to distinguish 

the difficulty of items based on differences in 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 reasoning in different content scopes. 
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