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Abstract- This research aims to design and build an 

isomorphous binary phase diagram animation media using 

Adobe Flash Abstract—This study aims to determine the 

characteristics of the HOTS instrument item parameters in the 

form of two-tier multiple-choice (TTMC) and estimate the 

HOTS ability of vocational high school students using the Item 

Response Theory (IRT) approach. The research method used is 

quantitative. The research subjects were 264 vocational high 

school students using class XI in West Java and Banten 

provinces. The test instrument used was Newton's Law concept 

and Two-Tier Multiple Choice (TTMC). Data analysis includes 

a unidimensional test, the fitness of the polytomous IRT model, 

the determination of item characteristics, and the estimation of 

students' HOTS ability. The results showed that the data were 

unidimensional, and the fitness IRT polytomous scoring model 

was GPCM2PL. The discrimination parameter (a) of all items 

with a percentage of 100% is included in the good criteria. 

Analysis of the level of difficulty (b) also shows that 100% of 

items are included in the moderate criteria. This result was 

obtained because the instrument used was developed through 

developing an appropriate instrument. Thus, its validity and 

reliability were good. It means that the instrument used is 

feasible to be tested on vocational high school students. Other 

studies show that the mean of students' HOTS abilities is in the 

medium category. 
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I. INTRODUCTION 

he vocational school curriculum is designed in such a 

way as to prepare a professional workforce and prepare 

students to anticipate future needs and challenges that 

are aligned with the development of the needs of the business 

/industry, the development of the world of work, and the 

development of science and technology (Rosina et al., 2021; 

Maryanti & Nandiyanto, 2021).  

 

Physics is one of the branches of science that underlies 

the development of science and technology. Physics 

competence which is expected to meet these demands is to 

become the foundation for vocational competencies. To keep 

up with the development of science and technology, it is 

hoped that vocational students will be equipped with hard 

skills and need to have higher-order thinking skills 

(Luthvitasari & Linuwih, 2012). Many reports relating to 

physics education have been well-documented (Susilowati et 

al., 2023; Lestari et al., 2024; Abosede et al., 2024; Azizah 

et al., 2024; Ibrahim, 2023; Al Husaeni, 2022). 

 

Some experts associate high order thinking skills 

(HOTS) with a variety of thinking skills that can be 

performed by individuals. According to experts, thinking 

skills that can be categorized as HOTS include critical 

thinking and creative thinking skills (Conklin, 2012: 14; 

Presseisen, 1988; Krulik & Rudnick, 1999: 138; King, 

Goodson, & Rohani, 2010: 1), problem-solving (Presseisen, 

1988; Brookhart: 2010: 3), logical, reflective, and 

metacognitive thinking (King, Goodson, & Rohani, 2010: 

1), and decision making (Presseisen, 1985: 46). These skills 

are not foreign terms in the learning process; they have even 

become a target and part of the learning objectives in each 

T 
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subject (Jailani et al., 2018). This research will focus on 

HOTS, which includes indicators of critical thinking skills 

and creative thinking skills. It is because it is in line with the 

core competencies of vocational school. 

 

One of the studies that are very close to HOTS is Physics 

(Adeyemo, 2010). Apart from being part of the competence 

of vocational students, this is also because there is a 

significant relationship between HOTS and student 

performance (Ramos et al., 2013). HOTS will help students 

understand concepts more easily, be sensitive to problems 

that occur, understand and solve problems that occur around 

them, and apply these concepts in different situations 

(Marlina, L., Tjasyono, B., & Hendayana, S., 2018; 

Rosmiati, R., & Satriawan, M. 2019). Besides being very 

close to the performance, HOTS is also part of 21st-century 

skills (Guo & Woulfin, 2016; Dwyer CP, Hogan MJ and 

Stewart I 2014; Saprudin S, Liliasari S, Prihatmanto A S and 

Setiawan A 2019; Ahrari, et al. 2016; Ab Kadir, MA, 2017). 

 

To determine the extent to which the HOTS achievement 

of vocational school students needs to be assessed. 

Assessment is the process of gathering information related 

to learning objectives or outcomes (Kizlik, 2012: 7).  Even 

though HOTS is one of the learning objectives, the facts in 

the field show that HOTS assessments in schools are still not 

fully carried out. The assessments carried out in schools are 

still predominantly limited to the memory aspect. The cause 

of this problem is that they are still limited in working on 

HOTS-based questions, and teachers are still lacking in 

developing HOTS instruments (Budiman & Jailani, 2014). 

Even if there is a HOTS instrument, the instrument used has 

not been tested for its feasibility and characteristics, such as 

distinguishing power and difficulty level. 

 

The test instrument commonly used is multiple choice 

and focuses on aspects of knowledge. Multiple choice 

questions are most commonly used because it is considered 

very easy to apply and easy to analyze. This form is often 

criticized for being only able to assess shallow memorization 

or simple facts because it does not allow test takers to explain 

or justify their answers (Nichols & Sugrue, 1999; Songer, 

Kelcey & Gotwals, 2009), although in some cases this 

weakness can reduce (Xiao, et al. 2018; Hestenes, Wells & 

Swackhamer 1992). 

 

The development of the type of reasoned multiple-choice 

questions (Reasoning Multiple Choice) is seen as measuring 

high-level abilities or skills (Xiao et al. 2018; Liu et al., 

2011). The same aspect was expressed by Cullinane & 

Liston (2011) that the inclusion of reasons at the second level 

of the two-tier choice question form can be used to improve 

higher-order thinking skills and see the ability of test-takers 

to give reasons. Thus, in choosing the answer, the test taker 

must think about the reasons that are following the choice of 

the answer, directly the thought process of determining the 

right reason can train the test taker's higher-order thinking 

skills. In addition, it can also be seen that the lack of quality 

assessment is due to the choice of a multiple-choice test 

model that is commonly used to measure low-level thinking 

skills (Istiyono, Mardapi, Suparno, 2014). According to 

Brookhart (2010: 33), multiple-choice tests must be 

modified. Thus, they can be used to measure higher-order 

thinking skills. One of the efforts made is to make a two-tier 

instrument called a two-tier multiple-choice (TTMC) 

(Istiyono et al., 2014; 2020a; 2020b). Regarding the TTMC 

scoring, an alternative approach that can be used is the item 

response theory approach for polytomous scoring. 

 

Apart from the form of the test instrument, another 

element that must be considered in the assessment is to try 

and ensure that the assessment results accurately describe the 

student's abilities. An assessment is called accurate if the 

results of the assessment contain the smallest possible error 

or error. To get results that accurately describe the abilities 

of students, the quality of the test instruments must be valid, 

reliable, and have good item parameters. For this purpose, 

two types of approaches can be used to estimate item 

parameters, namely classical test theory and item response 

theory. The classical test theory is seen to have weaknesses. 

The most notable weakness of classical test theory is that the 

characteristics of the examinee and the characteristics of the 

test are inseparable, each of which can only be interpreted in 

another context (Hambleton, Swaminathan, & Rogers, 

1991). That is, the ability of the examinees is determined 

only by the test. When the test is difficult, the examinee will 

appear to have low ability, and when the test is easy, the 

examinee will appear to have a higher ability. In other words, 

the parameter of the item depends on the subject/test taker 

and vice versa. The characteristics of the items will change 

when the examinee changes and the characteristics of the 

examinees will change when the items change. In this case, 

classical test theory cannot be used as a standard because the 

assessment results are very dependent on the test taker 

subject. 

 

Item response theory (IRT)  is a solution to overcoming 

weaknesses in classical test theory because item response 

theory has the concept of releasing the relationship between 

items and samples or test taker subjects. The 

characteristics/abilities of the examinees will remain the 

same even though they are working on items with different 

characteristics and vice versa; the characteristics of the items 

will remain the same even though test takers perform them 

with different abilities. In addition, the item response theory 

is based on items, not on test kits. According to Hambleton 

et al. (1991), item response theory rests on two postulates: 

(a) a test taker's performance on test items can be predicted 

(or explained) by a set of factors called traits, latent traits, or 

abilities; and (b) the relationship between the test taker's 

performance and the item can be explained by a function that 

increases monotonically called the item characteristic curve 

(ICC) function which is presented in Figure 1. This function 

explains that when the ability increases, the respondent's 

probability of answering correctly for an item also increases. 

Figure 1 shows the group of test-takers with a higher ability 
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will have a greater probability of answering correctly than 

the group of test-takers with low ability. The function of item 

response theory can be applied when the model is compatible 

with the test data (Hambleton et al., 1991). Stone & Zhang 

(2003) stated that grain parameter estimation could be 

disturbed when the model does not match the data. In the 

IRT approach with polytomous scoring, several models are 

known, including the Graded Response Model (GRM), 

Partial Credit Model (PCM), and Generalized Partial Credit 

Model (GPCM). 

 

 
 

Fig. 1. ICC curves and ability distributions in two groups of test-takers 
(adapted from Hambleton et al., 1991) 

 

In the Graded Response Model (GRM), participants' 

responses to item j with the GRM model are categorized into 

m + 1 ordered category scores, k = 0,1,2,…, m where m is 

the number of steps completing item j correctly, and the 

difficulty index. Each step is also sorted. The relationship 

between item parameters and participant abilities in GRM 

for homogeneous cases (same in each step) can be stated by 

Muraki & Bock (in Retnawati, 2014) as shown in equations 

(1) dan (2). 

𝑃𝑗𝑘(𝜃) =  𝑃𝑗𝑘
∗(𝜃) − 𝑃𝑗 𝑘+1

∗(𝜃)                                              (1) 

𝑃𝑗𝑘(𝜃) =  
𝑒𝑥𝑝 [𝐷𝑎𝑗(𝜃−𝑏𝑗𝑘)] 

1+𝑒𝑥𝑝 [𝐷𝑎𝑗(𝜃−𝑏𝑗𝑘)] 
                                               (2) 

where  

𝑎𝑗 :  Discriminationindex item j,  

𝜃  : the ability of the participant,  

𝑏𝑗𝑘  : category k difficulty index item j,  

𝑃𝑗𝑘(𝜃): the probability of a capable participant θ who gets 

the k category score in point j, 

𝑃𝑗𝑘
∗(𝜃) : the probability of a capable participant θ 

obtaining a category k score or more on item j, 

𝐷 : scale factor,  

 

Partial Credit Model (PCM) is a polytomous scoring 

model that extends the Rasch model in dichotomous data. 

The assumption on PCM is that each item has the same 

distinctive power. PCM has similarities with the Graded 

Response Model (GRM) in the items that are scored in the 

tiered category, but the difficulty index in each step does not 

need to be sorted, one step can be more difficult than the next 

step. According to Muraki & Bock (1997: 16), the general 

form of PCM is equation (3). 

𝑃𝑗𝑘(𝜃) =  
𝑒𝑥𝑝𝑒𝑥𝑝 [𝐷𝑎𝑗(𝜃−𝑏𝑗𝑘)]  

1+ 𝑒𝑥𝑝𝑒𝑥𝑝 [𝐷𝑎𝑗(𝜃−𝑏𝑗𝑘)]  
                                     (3) 

𝑘 = 0,1,2, … . 𝑚                 
where 

𝑃𝑗𝑘(𝜃) : the probability of capable participant θ who gets 

the k category score in point j 

𝜃   : participant's ability 

𝑚 + 1 :  number of categories of item j 

𝑏𝑗𝑘   :  category k difficulty index item j 

 

The category score on the PCM indicates the number of 

steps to complete the item correctly. A higher category score 

indicates greater ability than a lower category score. Suppose 

an item has two categories in PCM. In that case, the equation 

will become the Rasch model equation, such as the equation 

stated by Hambleton, and Swaminathan (1985), and also 

reinforced by Hambleton, Swaminathan, and Roger (1991). 

As a result, PCM can be applied to polytomous and 

dichotomous items (Retnawati, 2014). 

 

According to Muraki (1997), GPCM is a general form of 

PCM, which is expressed in mathematical form, which is 

called the item category response function expressed in 

equations (4) and (5) (Retnawati, 2014). 

 

𝑃𝑗𝑘(𝜃) =
exp ∑ 𝑍𝑗𝑘(𝜃)𝑘

𝑣=0

∑ exp(∑ 𝑍𝑗𝑘(𝜃)𝑒
𝑣=0 )

𝑚𝑗
𝑒=0

                                              (4)  

and 

𝑍𝑗𝑘(𝜃) = 𝐷𝑎𝑗(𝜃 − 𝑏𝑗𝑘) = 𝐷𝑎𝑗(𝜃 − 𝑏𝑗 + 𝑑𝑘)                     (5) 

                         

where 

𝑃𝑗𝑘(𝜃) : the probability that the participant with the ability 

gets the k category score in item j, 

𝜃: the ability of the participant , 

𝑎𝑗  : index of difference in item j,   

𝑏𝑗𝑘: category k difficulty index in item j, 

𝑏𝑗 : location difficulty index item j abbreviated as an item 

location parameter, 

𝑑𝑘  : k category parameter  

𝑚𝑗    : number of categories of item j, 

𝐷 : scale factor (D = 1.7) , 

 

The parameter 𝑏𝑗𝑘 by Masters (Muraki & Bock, 1997: 

17) is named with the grain stage parameter. This parameter 

is the intersection point between the Pjk(θ ) and Pjk-1(θ ).) 

curves. The two curves only intersect at one point on the θ 

scale (van der Linden & Hambleton, 1997). 

 

GPCM is formulated based on the assumption that each 

probability of choosing the k-th category exceeds the (k-1) 

category is constructed by a dichotomous model. Pjk is the 

specific probability of choosing the k-th category from the 

mj + 1 category. The relationship between the probability of 

getting correct for each ability θ is presented in a Categorical 
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Response Function (CRF) graph (du Toit, 2003; Retnawati, 

2014). 

 

Based on the explanation above, this study focuses on 

analyzing the characteristics of the item parameters and 

estimating the HOTS ability of vocational students using the 

Item Response Theory (IRT) approach. 

 

II.  METHOD  

This study used a quantitative approach. The research 

subjects were 264 students of class XI in vocational schools 

in West Java and Banten provinces, Indonesia. The 

instrument used was a HOTS instrument in Newton's Law of 

Motion and Force, amounting to 30 items in Two-Tier 

Multiple Choice (TTMC) with four categories. The 

instrument used has been tested for validity and reliability.  

For example, the instrument item (number 3) used is 

presented in Figure 2. 

 

  
 

Fig. 2. Examples of Two-Tier Multiple Choice (TTMC) Questions 

 

The scoring criteria used are presented in Table 1 

(Istiyono et al, 2014; 2020a; 2020b). With the TTMC 

instrument and scoring form as in Table 1, the collected data 

is polytomous. 

 
TABLE I  

TEST SCORING CRITERIA 

Criteria Case 

4 The answer to the question and the reason is 

correct 

3 The answer to the question is wrong but the 

reason is right 

2 The answer to the question is correct but the 

reason is wrong 

1 Wrong answers to questions and reasons 

 

The instrument developed refers to the HOTS indicator, 

which follows the competence of vocational students. The 

HOTS indicator developed refers to indicators of critical 

thinking skills (Ennis, 1985; Facione, 2011; Facione & 

Gittens, 2015; Abrami, et.al. 2008) and creative thinking 

skills (Torrance & Shaughnessy, 1988; Haefele (1962); 

Tahar, Tej & Sirkova, 2015; Ferrandiz et.al., 2017) which is 

presented in Table 2. 

 
 TABLE II  

HOTS INDICATORS 

Indicator Item  

Identify/formulate questions based on events in everyday 

life 

1, 16 

Analyze statements and determine the similarities or 

differences of a given event 

2, 17 

Test/examine sections that can be considered to be 

trustworthy (or untrustworthy) based on the text of the 

argument, advertisement, or experiment and its 

interpretation, and provide reasons why 

3, 18 

Reveal reasons based on observations of an event 4, 19 

Interpret statements and clarify data 5, 20 

Generalize (finding patterns) based on existing data trends 6, 21 

Solve problems by Using definitions 7, 22 

Formulate alternatives for solutions 8, 29 

Answer with many answers or facts 9, 24 

Look at the faults and weaknesses of an object or situation 10, 25 

Provide interpretation of a picture, story, or problem 11, 26 

Think of a way or point of view to solve the problem 13, 27 

Classify things according to different divisions (categories) 12, 28 

Develop or enrich the ideas of others 14, 30 

Try/test new things by experimenting 15, 23 

 

The data analysis carried out included (i) unidimensional 

testing using SPSS, (ii) determining the fitness of the 

Politomus IRT model using the PARSCALE of SSi (iii) 

Analysis of the characteristics of the instrument items based 

on good item criteria and (iv) estimating the HOTS ability of 

vocational school students based on the IRT approach. 

Detailed information regarding the use of statistical analysis 

is explained elsewhere (Fiandini et al., 2024; Afifah et al., 

2022).  

 

III. 3.  RESULTS AND DISCUSSION  

 

3.1. Unidimensional Assumption 

Before the fit test stage of a fit polytomous model, the 

first thing to do is the assumption test. This assumption test 

includes tests of local unidimensional and independence. 

Unidimensional means that each item measures only one 

ability (Retnawati, 2014). While multidimensional means 

that some or all items measure more than one dimension. The 

dimensional test in this study was proven through factor 

analysis using SPSS. Factor analysis was done by first doing 

a feasibility test analysis, namely the KMO-MSA test and 

the Barlett test. The KMO-MSA test aims to see the 

adequacy of the sample, while the Barlett test serves to prove 

the homogeneity of the data. Factor analysis can be 

continued if the Kaiser Meyer Olkin (KMO) -MSA value> 

0.5 and Barlett's significant test <0.05 (Hair, JF, Black, WC, 

Babin, BJ, Anderson, RE, & Tatham, RL, 2009). Based on 

the response data of students on the HOTS instrument, the 
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KMO-SMA and Barlett values were obtained as presented in 

Table 3. 

 
 

 

 

TABLE III  

KMO AND BARTLETT'S TEST 

Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy. 

0.904 

Bartlett's Test of 

Sphericity 

Approx.  Chi-Square 3509.819 

df 435 

Sig.  0.000 

 
Table 3 shows that the sample used has met the adequacy 

requirements of the sample (KMO-MSA> 0.5) and the data 

is homogeneous (Barlett's test <0.05). Thus, factor analysis 

can be carried out. The results of data processing for factor 

analysis through SPSS can be seen in the eigenvalues section 

of TABLE 4. Based on TABLE 4, the eigenvalues with more 

than one value indicate one factor. Based on these 

eigenvalues, the HOTS instrument has seven factors. These 

seven factors can explain the 59.763% variance. These 

eigenvalues can then be presented in the scree plot in Figure 

3. 

 

 
Fig. 3. Scree Plot Factor Analysis 

 

Figure 3 shows a very sharp decrease between factor 1 

and factor 2. The Eigenvalue then begins to skew at a factor 

of 3. Thus, the scree plot almost forms a right angle. It shows 

that there is only 1 dominant factor in the two test sets. This 

follows the statement of Hambleton, Swaminthan & Rogers 

(1991: 56) that the unidimensional assumption can be 

considered fulfilled if the test contains a dominant 

component that measures students' ability. In addition, Wells 

and Purwono (Retnawati, 2016: 144) confirm the amount of 

the explained variance presentation. If the value is greater 

than 20%, the measured device contains a single dimension 

or is unidimensional.  

 

Another test is local independence. This assumption of 

local independence will be fulfilled if the participant's 

answer to one item does not affect another item's answer 

(Retnawati, 2014). According to De Mars (2010), local 

independence can also be detected by proving 

unidimensional assumptions. This means that if the 

unidimensional assumptions are met, the local independence 

assumption is also fulfilled ((Retnawati, 2014). This is 

because if the data that is owned is unidimensional, the 

response given by the test taker to an item is independent or 

does not affect the test taker's answer to the item. This means 

that the test taker's ability is independent of the HOTS 

instrument items. In this study, the unidimensional 

assumptions have been fulfilled. Thus, the local 

independence test has also been fulfilled. 

  

 

3.2. Fitness of The Politomus IRT Model  

Model fit can be seen from the probability value 

(significance, sig). If the sig value < α, then the items are said 

to be unsuitable (Retnawati, 2014, page 25). The model 

containing the most fit items was selected for data analysis 

of the several models (GRM, PCM, GPCM2PL, 

GPCM3PL). The probability value (significance, sig) is 

obtained from the PARSCALE output. The suitability of 

each HOTS instrument item with the GRM, PCM, 

GPCM2PL, and GPCM3PL models is presented in the 

appendix. The result shows the IRT model that is most fit or 

provides information on each item is GPCM2PL.. Thus, it 

can be said that the IRT model with suitable polyatomic data 

is used to analyze the items of the HOTS test, namely 

GPCM2PL. This result is in line with Si (2004: 173), who 

states that the GPCM model is suitable for analyzing 

multiple-choice data. The same thing is also reinforced by 

the opinion of Retnawati (2011: 2), which states that the 

GPCM is the most suitable model for analyzing test results 

with the polytomous scoring model because these items are 

stored in a tiered category, but the difficulty index in each 

step is not sorted, a one-step can be more difficult than the 

next. Istiyono (2016: 29) emphasizes that the use of GPCM 

to analyze multiple-choice tests is a fair alternative 

assessment model in learning. 

  

3.3. Characteristics of The Instrument Items  

 

The results of the analysis of the HOTS instrument item 

parameter estimation using the IRT GPCM2PL model can 

be seen in the PARSCALE phase 2 program. The results of 

the analysis of the parameter estimation of Discrimination 

and level of difficulty with the GPCM2PL model for the 

HOTS test are presented in TABLE 4. 

Table 4 shows that the value of the different power 

parameters (a) of all items with a percentage of 100% is 

included in the good category, namely the interval from 0.00 

to 2.00. The difficulty level analysis (b) also shows that 

100% of items are included in the medium category because 

the b value of all items is in the interval (-2) to (2). It means 

that the HOTS instrument has good characteristics. These 

characteristics are very important, given the role of the test 

instrument to be able to measure the ability of test-takers as 

accurately as possible, distinguishing test-takers whose 

abilities are low, medium, or high.  
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The relationship between the probability of getting 

correct for each ability θ is presented in a Categorical 

Response Function (CRF) graph (du Toit, 2003; Retnawati, 

2014). CRF charts in four categories (scores 1,2,3, and 4) for 

item number 3 with a difference of 0.807 and a difficulty 

level of -0.386 are presented in Figure 4. 

 
 

TABLE IV 

 RECAPITULATION OF HOTS INSTRUMENT ITEM PARAMETERS 
 

Item   Discrimination  Criteria 
Difficulty 

Level 
Criteria 

1 0.395 good -0.462 moderate 

2 0.947 good -0.294 moderate 

3 0.807 good -0.386 moderate 

4 0.928 good -0.340 moderate 

5 1.117 good -0.349 moderate 

6 0.805 good -0.397 moderate 

7 0.287 good -0.629 moderate 

8 0.392 good -0.567 moderate 

9 0.357 good -0.588 moderate 

10 0.329 good -0.707 moderate 

11 1.181 good -0.486 moderate 

12 0.941 good -0.261 moderate 

13 0.487 good -0.336 moderate 

14 0.900 good -0.268 moderate 

15 0.147 good -1.547 moderate 

16 0.540 good -0.448 moderate 

17 1.136 good -0.239 moderate 

18 0.756 good -0.359 moderate 

19 1.861 good -0.184 moderate 

20 1.531 good -0.259 moderate 

21 0.486 good -0.744 moderate 

22 0.638 good -0.720 moderate 

23 0.434 good -0.897 moderate 

24 0.949 good -0.373 moderate 

25 0.819 good -0.502 moderate 

26 1.819 good -0.519 moderate 

27 1.289 good -0.349 moderate 

28 1.360 good -0.452 moderate 

29 0.467 good -0.705 moderate 

30 0.291 good -0.107 moderate 

 

 
  

Fig. 4. CRF Graph on 4 Categories for Item Number 3 

 

Based on Figure 4, the intersection point between the 

black line and the blue line (1 and 2), states the minimum 

opportunity and ability or is often referred to as the student's 

step (δ12) parameter to get a score of 2. In the picture, it 

shows the ability score of -1.50 with a chance of 0.4. This 

means that students who have abilities below -1.50 have a 

great chance of getting a score of 1 with opportunities 

ranging from 0.4 to 1 (the chance of getting a value of 1 

decreases with the size of the ability). Students who have the 

ability of -1.50 have a chance to get a score of 1 or 2 of 0.44. 

Students whose abilities are above -1.50 to -0.30 have a 

chance to get a score of 2 (δ23) as well as for the Kurav 

intersection in the next category. 

  

3.4. Estimating The HOTS Ability  

 

The HOTS ability of students is shown by the ability to 

output the analysis results based on the GPCM2PL IRT 

model. The distribution of students' HOTS abilities in the 

range -3 to +3 (IRT model) is presented in Figure 5.  

 

 
Fig. 5. Distribution of Students' HOTS Abilities 

 

Figure 5 shows that the distribution of students' abilities 

tends to be slightly above average. This can be seen from the 

distribution of students' abilities which are in the zero ability 

range. This distribution is clearer in the histogram display of 

the distribution of students' HOTS abilities in Figure 6.  
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Fig 6. Histogram of Distribution Students' HOTS Abilities 

 

Figure 6 shows the tendency of students' HOTS abilities 

to be at average ability. This data is also strengthened by the 

statistical descriptions presented in Table 8. 

 
TABLE V  

STATISTICAL DESCRIPTION OF STUDENTS' HOTS ABILITIES 

Statistical Description 

 

Magnitude 

Mean  
0.000 

Std.Dev 
0.999 

Max 2.172 

Min 
-2.759 

 
Table 5 shows the average HOTS ability of students is 

0,000 with a standard deviation of almost the same, namely 

1. It indicates that the student's abilities are classified as 

medium or average in general, while the standard deviation 

size shows that the student's abilities are quite varied. 

Information on student abilities is very important to make 

planning and appropriate learning treatment. Because of the 

learning that is held, for example, learning to train HOTS, it 

would be more appropriate if the teacher knew the HOTS 

abilities of students. This is in line with Hermawan (2014) 

that learning outcomes will be maximized if the learning is 

carried out following the characteristics of students 

 

CONCLUSION  

Vocational high school students' competencies are 

related to hard skills and the need to have thinking skills as 

part of the demands of 21st-century competencies, one of 

which is HOTS. To determine HOTS achievement, an 

assessment is required. Assessment is usually done through 

a test instrument. Through this research, the student's HOTS 

instrument in the form of TTMC has been analyzed which 

has good characteristics. Thus, it can describe the actual 

abilities of the students. Through the IRT approach, the 

characteristics of the good and suitable items to be used to 

assess students' HOTS and measure students' abilities were 

obtained. Based on these results, the ability of vocational 

school students is in the medium category or have average 

abilities. The implication is that it takes an effort to increase 

the student's HOTS following the students' abilities or 

characteristics. Thus, in the end, it can be planned and 

applied in learning to improve student learning outcomes. 

One further research that can be done is finding the right 

learning model for a class where most students have 

moderate HOTS abilities. Thus, the learning outcomes are 

more optimal. 
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APENDIX. RECAPITULATION OF MODEL FIT WITH HOTS TEST DATA 

Item   
GRM PCM GPCM2PL GPCM3PL 

Sig.  Fitness  Sig.  Fitness  Sig.  Fitness  Sig.  Fitness  

1 0.367 Fit 0.133 Fit 0.422 Fit 0.000 Not Fit 

2 0.006 Not Fit 0.036 Not Fit 0.003 Not Fit 0.000 Not Fit 

3 0.113 Fit 0.232 Fit 0.134 Fit 0.000 Not Fit 

4 0.022 Not Fit 0.033 Not Fit 0.009 Not Fit 0.000 Not Fit 

5 0.007 Not Fit 0.151 Fit 0.341 Fit 0.000 Not Fit 

6 0.009 Not Fit 0.236 Fit 0.440 Fit 0.000 Not Fit 

7 0.000 Not Fit 0.000 Not Fit 0.000 Not Fit 0.000 Not Fit 

8 0.040 Not Fit 0.311 Fit 0.373 Fit 0.000 Not Fit 

9 0.000 Not Fit 0.000 Not Fit 0.001 Not Fit 0.002 Not Fit 

10 0.172 Fit 0.046 Not Fit 0.100 Fit 0.001 Not Fit 

11 0.001 Not Fit 0.490 Fit 0.052 Fit 0.000 Not Fit 

12 0.000 Not Fit 0.115 Fit 0.009 Not Fit 0.000 Not Fit 

13 0.126 Fit 0.001 Not Fit 0.004 Not Fit 0.001 Not Fit 

14 0.032 Not Fit 0.034 Not Fit 0.020 Not Fit 0.000 Not Fit 

15 0.000 Not Fit 0.000 Not Fit 0.003 Not Fit 0.004 Not Fit 

16 0.367 Fit 0.090 Fit 0.550 Fit 0.000 Not Fit 

17 0.699 Fit 0.057 Fit 0.639 Fit 0.000 Not Fit 

18 0.272 Fit 0.016 Not Fit 0.476 Fit 0.000 Not Fit 

19 0.128 Fit 0.137 Fit 0.806 Fit 0.000 Not Fit 

20 0.026 Not Fit 0.048 Not Fit 0.314 Fit 0.000 Not Fit 

21 0.112 Fit 0.347 Fit 0.831 Fit 0.000 Not Fit 

22 0.074 Fit 0.384 Fit 0.118 Fit 0.000 Not Fit 

23 0.000 Not Fit 0.000 Not Fit 0.087 Fit 0.028 Not Fit 

24 0.118 Fit 0.210 Fit 0.060 Fit 0.000 Not Fit 

25 0.023 Not Fit 0.059 Fit 0.000 Not Fit 0.000 Not Fit 

26 0.000 Not Fit 0.033 Not Fit 0.284 Fit 0.000 Not Fit 

27 0.015 Not Fit 0.442 Fit 0.715 Fit 0.000 Not Fit 

 

 

 

 

 


