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This study is a part of the development study of stoichiometric HOTS 
problems. This study aimed to develop the stoichiometry Higher 
Order Thinking Skills (HOTS) test instrument.  The stages of the study 
started with analyzing the material on the stoichiometry topic. The test 
consisted of 10 multiple-choice questions with 5 answer options. The 
instrument test was assessed by two chemistry education experts 
before being administered to 26 high school students in Pekanbaru 
city.  The test results were analyzed with the Rasch Measurement 
Model (RMM) using the Win Step software. RMM was useful to 
investigate item validity, item and person reliability, and item-person 
map. All of these criteria were useful in improving the quality of the 
instrument based on Item Response Theory. The results showed that 
almost all items were valid, except for the Q16 items. Thus, these nine 
items could be used as higher-order thinking test instruments for a 
larger sample. 
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1. INTRODUCTION  

The 2013 curriculum emphasizes the achievement of students‟ higher-order thinking 
skills  (HOTS). HOTS are the ability of students to connect the knowledge gained with the 
reality of their lives (Kusuma et al., 2017). Students are expected to be able to use their mindsets 
to solve complex real-world problems. HOTS are activated when students encounter unfamiliar 
problems, uncertainties, questions, or dilemmas (Saido et al., 2015). Successful application of 
HOTS in the classroom will make students' intellectual continue to grow. This will make HOTS 
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an extremely required skill for every individual in any educational setting (Tan & Halili, 2015).  
Therefore, the development and assessment of students‟ HOTS are pivotal to be achieved to 
prepare students for the future.  

HOTS can be developed by applying appropriate learning models and strategies. Sarif 
et al. (2019) found that project-based learning through recycling waste cooking oil can improve 
students' HOTS effectively. HOTS can also be enhanced by applying problem-based learning 
(Jailani et al., 2017) and discovery learning models (Cola & Nuswowati, 2020). In addition, 
HOTS can be improved by implementing an inductive reasoning strategy (Misrom et al., 2020) 
and laboratory activity (Lisdiani et al., 2019). Although many models and strategies can be used 
to improve students' HOTS, the Indonesian Educational Monitoring Network (JPPI) states that 
its application by teachers in the classroom is not evenly distributed and is not optimal. 
Ramdiah et al., 2019 explained that high school biology teachers in Banjarmasin have prepared 
to learn well, but this is not carried out consistently, and HOTS aspects in teaching tend to be 
ignored. Equally important in developing students‟ HOTS is the construction of appropriate 
HOTS assessment instruments. 

The competence of teachers in developing HOTS assessment instruments is still 
considered low (Dahlan et al., 2020). The main factor causing the low competence in the 
construction of HOTS problems is the lack of teachers‟ knowledge and experience (Tyas et al., 
2019). The evaluation developed by the teacher has not yet assessed students to think critically 
and creatively. As a result, the learning objectives embedded in K-13 have not been achieved. 
The 2013 curriculum requires that assessments conducted by teachers in schools can measure 
the HOTS of students (Kurniawan & Noviana, 2017). Therefore, instruments are needed to 
assist teachers in preparing evaluations appropriately. 

Chemistry is one of the subjects taught to high school students. A topic taught in high 
school chemistry is stoichiometry. Stoichiometry is the basic material for chemical calculations 
and is a prerequisite for several other materials, such as solution chemistry, chemical 
equilibrium, kinetics, acid-base, colligative solutions, and others. The mastery of stoichiometry 
material is highly emphasized in the mastery of chemical counts. If the mastery is good, then 
the learning achievement of the stoichiometry topic can be improved (Abdullah et al., 2019). To 
see the extent to which students‟ mastery of the stoichiometry concept requires a valid and 
reliable evaluation instrument. Many tools can be used to help develop a good assessment 
instrument, one of which is the Rasch model. 

The Rasch model is a social instrument analysis model with numerous advantages, such 
as providing a linear measure with the same intervals, the correct estimation process, finding 
incorrect items (misfits) or uncommon (outliers), overcoming missing data, and producing 
replicable measurements (independent of the parameters studied) (Bond, 2010). The application 
of the Rasch model can produce a reliable and valid instrument (Razali et al, 2016). Application 
of the Rasch model can plot ability scores, and item difficulty scores, and presents the 
correlation between the probability of accomplishing a task (Cavanagh & Waugh, 2011). The 
use of the Rasch model in item analysis is expected to improve the quality of the questions 
(Karlin & Karlin, 2018). Mohamad et al., 2015 have successfully measured the validity of the 
instrument with the Rasch model and stated that the Rasch Model is suitable to be applied in 
instrument validation. 

Susongko (2016) has studied the validation of the instrument test with the Rasch model, 
which revealed that the instrument is proven valid using the Rasch Measurement Model 
(RMM). The study of item analysis for adapted motivation scales in second language learning 
using the Rasch Model has been conducted by Ng et al. (2018). They concluded that the 
instrument is valid and reliable to evaluate student motivation. In this present study, the 
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development and analysis of stoichiometry problem items using the Rasch Model have been 
carried out. The instrument validation is analyzed by referring to the value of point measure 
correlation (PMC), infit and outfit of standardized z value (ZSTD), and mean square (MNSQ) to 
specify the validity of items, and Cronbach‟s alpha coefficient to determine the reliability of 
items and person. 

The purpose of this study is to develop the HOTS problem on stoichiometry topic using 
Rasch Model. This study discusses the initial development of the HOTS problem on the 
stoichiometry topic and the analysis of the characteristics of the problem based on the Rasch 
model using the MiniStep software.  
 
2. METHOD 
The sample of this pilot study was 26 tenth graders high school students in Pekanbaru city. The 
students answered the Multiple Choice HOTS Problem (MCHP) on stoichiometry scope, and 
the results were analyzed with the Rash model using MiniStep software.  
2.1.  Instrument 

The instruments of MCHP on the stoichiometry topic were arranged based on essential 
concepts on the stoichiometry topic. It consisted of ten multiple choice stoichiometric tests 
with a different level HOTS based on the revised Bloom taxonomy as shown in Table 1. The 
instrument was subsequently assessed and revised by two experts. The instrument that was 
developed successfully was tested on 26 high school students. The results of the trial were 
then analyzed with the Rasch model using MiniStep software. The MiniStep is a freeware 
that can be downloaded at https://www.winsteps.com/ministep.htm. 
 

Table 1. Some developed MCHP problem on stoichiometry topic 

Content Problem Answer 

Students were provided with experimental data about the chemical reaction. 
Students could assess the phenomena occurring concerning the basic laws of 
chemistry. The question was: 
You have 7 closed containers, each containing the same amount of Cl2 gas. You add 10 
grams of sodium in container I, 20 grams of sodium in container II, 30 grams of sodium 
in container III, and so on until container VII is added 70 grams of sodium. Sodium and 
chlorine react to produce sodium chloride based on the following graph: 

 
Figure 1. Graph of the mass of NaCl formed 

 
 The most appropriate conclusion based on experimental data is… 

D 

https://www.winsteps.com/ministep.htm
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(a) The amount of NaCl formed in container II is 40 grams 
(b) In containers I, II, and III there is no remaining reagent 
(c) The amount of NaCl formed in container 5 is about 90 grams 
(d) Only in the IV container there is no reagent left 
(e) There is one reagent left in all the containers 

 

Students were provided molecular formulas and the relative atomic mass of a 
compound. Students could determine the relative molecular mass value of a 
compound correctly if the atomic mass value of 12C was given another value. 
The question was: 
Epsom salt, MgSO4.7H2O, is commonly used as a detoxifying, relaxing, and smoothing 
agent for the skin. This salt is usually used as a mixture of water in a bath. If the relative 
atomic mass of 12C is not 12 but 100, then the relative molecular mass of Epsom salt is….  

(a) 246 
(b) 2050 
(c) 2460 
(d) 1230 
(e) 2952 

B 

Students were provided methods on how to determine the relative molecular 
simply. Students could determine the relative molecular mass of a compound 
correctly. The question was: 
The relative molecular mass of a volatile liquid can be determined by heating the liquid in 
water at a temperature of 1000C and measuring the volume of gas collected in the 
injection (as in Figure 2). A total of 0.2245 grams of the volatile liquid sample is heated 
to evaporate. If the evaporation results can fill 81 mL at 1 atm and 100oC, then the 
relative molecular mass of the liquid is… 

 
Figure 2. The molecular mass determination apparatus  

 

(a) 56 
(b) 65 
(c) 76 
(d) 85 
(e) 96 

D 

Students were provided with the composition of Ringer's solution. The solution 
is widely used in treating wounds. Students could calculate the exact molarity of 
one of the compositions of Ringer's solution. The question was: 
Ringer's solution is used in the treatment of wounds and burns. This solution was 
prepared by dissolving 4.3 grams of NaCl, 0.15 grams of KCl, and 0.165 grams of CaCl2 
in distilled water and diluting them to a volume of 500 mL. The molarity of the Cl- ions 
in this solution is... 

D 
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Figure 3. Ringer’s solution 

 
(a) 0.147 M 
(b) 0.00298 M 
(c) 0.0042 M 
(d) 0.157 M 
(e) 0.23 M 

 
2.2. Data Analysis 

The preliminary analysis was conducted using MiniStep software referring to Item 
Response Theory (IRT) to determine the validity and reliability of MCHP on stoichiometry 
scope. The parameters used to test the validity and reliability of items were PMC, ZSTD, 
MNSQ, and the item separation index.  PMC measures the index of item discrimination. 
Infit and MNSQ, and ZSTD outfits functions were used to determine the correlation 
between item difficulty and individual abilities. The same criteria were used to interpret the 
index of item separation and item reliability (Linacre, 2019). The research flowchart is 
displayed in Figure 4. 

 

 
 

Figure 4. Research Flowchart 
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3. RESULTS AND DISCUSSION  

The MCHP on stoichiometry scope had been declared valid by expert validators. It had 
been tested on 26 high school students. Validity, reliability, and other parameters were 
performed based on the Rasch Model using MiniStep software. The parameters to be 
analyzed using the MiniStep program were the item of validity and reliability, item strata, 
item difficulty level, item-person maps, and PMC. 

3.1. Item Validity 
Validity fundamentally denotes “measure what is intended to be measured” (Field, 

2009).  Validity is related to the meaning of conclusions obtained from test scores (Wright & 
Stone, 1999). The level of item appropriateness is used to explain whether the item is 
functioning normally to take measurements or not.  The consistency of response patterns 
for items and people is related to fit validity. This validity comes from the compatibility of 
the observed person-item responses (Wright & Stone, 1999). An item is „fit‟ if the pattern of 
response to it is steady with the way these students have replied to the other items. If the 
problem found is not fit, it indicates that there is a misconception in students about the 
items.  

Table 2 brings out the MiniStep® information, including fit statistics for all items. 
The items are displayed in the far-left column („Entry Number‟), followed by the number of 
the correct answer and the number of opportunities for each item. The „MEASURE‟ column 
indicates the Rasch size for the item and is reported as log odd units (logit). It shows 
whether the items support one construct and the reach to which one person's response is 
reliable (Cordier et al., 2018). Values for MNSQ, infit and outfit of ZSTD, and PMC were 
observed and estimated for each item in logit. 

Based on Table 2, none of the items showed a negative PMC. This means that all 
existing items measure the construct in the same orientation as desired. According to 
(Linacre, 2019), items are suitable if the MNSQ value range is 0.5-1.5. Almost all items meet 
these criteria, except for item Q16. It means that the construct of almost of items is precise 
and effective for evaluating self-regulation indicators (Habibi et al., 2019). Specifically, item 
Q16, this item is not appropriate and should be explored in more detail. 

 
Table 2. Item statistic output of MCHP 

 
 

3.2. Item and Person Reliability 
Reliability means whether an instrument can be interpreted consistently across 

different situations (Field, 2009). The common internal consistency parameters used are the 
Cronbach Alpha coefficient (Taherdoost, 2016). The Cronbach Alpha coefficient is the 
interaction between a person‟s ability and item difficulty. RMM can provide index values of 
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two types of reliability, namely the Person Reliability Index (PRI) and the Item Reliability 
Index (IRI). The PRI shows the replicability of students that we can predict if this sample of 
person is given to a set of parallel items that measure the same construct (Bond & Fox, 
2015).  

Table 3 shows that PRI was 0.55. This indicates that the consistency of answers from 
respondents is pretty good (Linacre, 2019). Table 3 also shows the average values of infit 
and outfit of ZSTD were -0.03 and 0.19, respectively. These values mean that the quality of 
the person is getting better. The Person Separation Index (PSI) was 1.09. The PSI shows the 
number of strata of individual ability identified in the group studied. A low PSI indicates 
that the instrument may not be sensitive to differentiate between low and high achievers, 
thus, more items may be needed (Linacre, 2019). 

 
Table 3. Person Reliability of MCHP 

 

 
 
The IRI indicates the replicability of item assignment along the track if these same 

items are provided to another same size sample of students who have the same behavior 
(Bond & Fox, 2015). Table 4 shows that IRI was 0.84. According to the qualitative descriptor 
used for Cronbach Alpha value,  the item reliability of MCHP is reliable and acceptable 
(Taber, 2018). Table 4 also shows the average values of infit and outfit of ZSTD are -0.02 
and 0.19, respectively. This means that the quality of the item is getting better. The item 
separation index (ISI) was 2.29. This index serves to verify the hierarchy of items. A low ISI 
(below 3) indicates that the person sample is not large enough to confirm the item difficulty 
of the instrument. Thus, more persons may be needed (Linacre, 2019). 

 
         Table 4. Item Reliability of MCHP 
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3.3. Item-Person Map 
The item-person map illustrates the linear relationship between the level of 

difficulty of the items and the ability of the participants.  Figure 2 presents a map of 
people‟s abilities, item difficulties, and the appropriate distribution of item difficulties and 
student competence. The most difficult items are displayed at the top of the image to the 
right of the y-axis and the most capable students are the highest on the left side. If the score 
participant is plotted at the same level as the item, then the participant has a 50% chance of 
answering the item correctly (Linacre, 2019). If the item level is above the participant, then 
the possibility of the participant answering the item correctly is less than 50%. This is due 
to the item being approximated to be outside their ability level.  

The most difficult item was question 17 (Q17) located at the top of the map, while 
the easiest item was question number 13 (Q13) at the bottom of the map as shown in Figure 
1. Q11, Q12, Q13, and Q15 items were located below all persons on the map. This indicates 
that all students can answer these questions. Mokshein, et al. (2019) suggested that these 
items should be revised because they cannot differentiate between student abilities. This 
can occur because the test is carried out on a small size sample. These items are expected to 
differentiate student abilities if the trial is conducted on a big-size sample. Therefore, the 
researcher wants to retain these items for testing against a large sample because they are 
categorized as valid items. 

 

 
 

Figure 2. Item-Person Map 
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3.4. Analysis of Extreme Items 

Analysis of extreme items needs to be conducted to observe the weaknesses of the items 
and fix them for further development. Based on the Rasch Model Measurements (RMM) 
made, it was found that Q13 was the easiest item while Q17 items were the most difficult. 

3.4.1. Analysis of easiest item 
Figure 3 shows the easiest question, Q13. Q13 aims to test the competence of students in 
the concept and calculation of the ideal gas law and its application in everyday life. Q13 
provides information about determining the relative molecular mass (Mr) of a compound 
by heating a volatile substance with a certain mass and measuring the volume and 
pressure of the gas produced at a certain temperature. 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
Figure 3. Question 13 (Q13) 

 
Students were asked to find the relative molecular mass of a compound based on the 
information in the problem. Almost all students (95%) were able to answer this question 
correctly. Students were able to calculate the relative molecular mass of compounds using 
the ideal gas equation correctly. This occurs because students are provided with pictures 
and methods to determine the relative molecular mass with an ideal gas equation. 
According to (Da Silva & De Castro, 2018), the use of simple equipment handled by 

students is an effective method for learning science concepts. 
 

3.4.2. Analysis of most difficult item 
Figure 3 shows the most difficult question, Q17. Q17 aims to test the ability of students 
about the concepts and calculation of moles and percentage yield and their application in 
daily life. Q17 provides information about making aspirin from salicylic acid by 
acetylation reaction with a certain percentage yield. Students were asked to determine the 
mass of salicylic acid needed to produce a certain number of aspirin. Almost all students 
(85%) were unable to answer this question correctly. Only a few students (15%) were able 
to complete Q17 well. These students were at the top left on the item-person map. The 
analysis of Q17 indicates that almost all students cannot understand the "percentage 
yield" and how to use them in stoichiometry problems. Most (about 60%) could not show 
an adequate understanding of how to use percentage yield for certain reaction products. 
They mostly multiply the mass of the reaction product by a percentage number and 
divide it by one hundred. They should first multiply the mass of the reaction product by 

The relative molecular mass of a volatile liquid can be determined by heating the 

liquid in water at a temperature of 100
0
C and measuring the volume of gas 

collected in the injection (as in Figure A). A total of 0.2245 grams of the volatile 

liquid sample is heated to evaporate. If the evaporation results can fill 81 mL at 1 

atm and 100
o
C, then the relative molecular mass of the liquid is… 

 
Figure A. The molecular mass determination apparatus for volatile compounds 
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100 and divide it by the percentage of yield. These results are consistent with the research 
results by Hanson (2016), which find out that the majority of prospective chemistry 
teachers in Ghana do not understand using percentage results in chemical calculations. A 
few students (20%) failed to solve this question with a blank in the worksheet. This can 
occur because students do not understand the meaning of the questions well. HOTS 
problems have several words and sentences that students are difficult to understand and 
solve the problems (Sa‟adah et al., 2019). A few students (15%) laid in the left-top item-
person map could solve this problem correctly. 

 
 
 
 
 
 

Figure 4. Question 17 (Q17) 
4. CONCLUSION  

MCHP showed there was no negative correlation point measure and had one item that 
was not appropriate. Almost all items were valid, except for the Q16 items. Obtained 9 valid 
items and could be used for a larger sample for further study. RMM suggested adding the 
number of items and sample students for the next analysis. RMM provided useful information 
that could be used for the next development assessments and to establish a pedagogical 
assessment validation process. This research was at an early stage in the developing HOTS 
problems on stoichiometry. This study was limited to testing HOTS problems in a small sample 
(less than 30). Further research must develop more HOTS questions and conduct tests on larger 
samples (more than 100 students) to increase the reliability and validity of the developed HOTS 
questions. 
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