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Abstract—Technological developments that are increasingly 

rapid in the 21st century require various abilities of higher order 

thinking skills (HOTS) including in mathematics learning. The 

implementation of the 2013 curriculum is a means to prepare 

students to face competition in the era of globalization by 

prioritizing HOTS principles. The purpose of this research was to 

obtain HOTS-based problem construction with an orientation to 

the 2013 curriculum assessment standards. This research was 

quantitative research with factor analysis design. The number of 

population in this research was 257 students with a sample of 

200. The research instrument was in the form of questions in the 

linear and matrix program material amounted to 50 items with 

the construction of knowledge dimension variables and HOTS 

levels. Data analysis techniques used GFI measurement models 

that met unidimensional test criteria, contract reliability (CR), 

and variance extracted (VE). The results showed that all items 

were valid and reliable and met the assumptions of multivariate 

normality and linearity. Factor analysis obtained indicator 

construction that could explain well and consistently every latent 

variable and GFI fit model with non-congeneric model multi-

factor design. It showed that the model did not meet the 

unidimensional test so that a re-study of the items forming HOTS 

C5 level indicator was needed.  

Keywords: HOTS Problem Construction, 2013 Curriculum, Factor 

Analysis 

I.  INTRODUCTION  

Mathematical learning does not only focus on 

memorizing concepts, but rather prioritizes the ability of 

higher order thinking skills (HOTS). Based on the results of 

research conducted by PISA in 2015, Indonesia was ranked 63 

of 70 countries in terms of mathematical abilities of 15-year-

old students [1]. Data from the National Examination (UN) of 

High School (SMA) students in 2017 also experienced a 

decline in the average mathematics score [2]. The instrument 

used in the PISA research was a matter that measured HOTS 

abilities such as mathematical literacy, problem solving, and 

mathematical communication. In the 2017 National 

Examination, 40% of the questions used were problems that 

measured HOTS. Factors that cause low ability of students in 

HOTS include the learning process of mathematics that is less 

accustomed to students in solving HOTS problems. Teachers 

tend to use assessment instruments that only measure factual 

and memorization knowledge [3]. Moreover, students' 

perceptions and attitudes towards mathematics have a negative 

tendency to give a poor assessment of mathematics [4][5]. 

 

According to Permendikbud (Decree of Minister of 

Education and Culture) 2016 Number 20 concerning 

competency standards at the high school level consists of three 

dimensions, namely the dimensions of knowledge, attitude, 

and skills [6] In the dimension of knowledge, students must 

have factual, conceptual, procedural, and metacognitive 

knowledge. The ability of students in 4 dimensions of 

knowledge must be at a technical level, specific, detailed, and 

complex and able to link that knowledge in a broader context. 

Mathematical learning should not be separated from its 

applicative context in everyday life as well as its assessment 

instruments. Assessment of the success of mathematics 

learning is not only related to memorizing the formula, but 

furthermore students must have the ability to think critically 

and solve problems, think creatively, communicate, and 

collaborate in accordance with the demands of 21st-century 

skills. 

 

The 2013 curriculum that has undergone revision is a 

manifestation of the government's seriousness in preparing 

students who are able to compete in the 21st century. The 

2013 revised curriculum in 2017 emphasizes the strengthening 

of character values according to Presidential Regulation No. 

87 of 2017 which includes religiosity, nationalism, 
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independence, mutual cooperation and integrity. By 

strengthening the character values, it is expected to be able to 

encourage students to have the skills needed in the 21st 

century [7]. Learning mathematics according to the demands 

of the 2013 curriculum is student-oriented learning with 

contextual learning scenarios, creating a collaborative learning 

atmosphere, and developing 21st-century skills. The learning 

is intended to enable students to develop HOTS and actualize 

dimensions of knowledge in a wider context. 

 

It has become a necessity that the rapid development of 

science must be anticipated by fulfilling the skills needed in 

the community, including HOTS [8]. HOTS has long been an 

important issue in many developed countries even today it is 

increasingly developing in Southeast Asian countries 

including Indonesia. Mathematics education observers and 

practitioners also have a huge interest in using HOTS in 

learning [9]. The experts formulated HOTS as the ability to 

think creatively, critically, problem-solving, reflective, logical, 

and metacognitive, but the formulation did not easily obtain a 

strict definition agreement [10]. There is an approach that is 

easier to use to determine the specification of questions in the 

form of HOTS namely by referring to the taxonomy of bloom. 

The taxonomy of bloom is considered more relevant to the 

context of education in Indonesia with indicators of the ability 

to analyze, evaluate, and create [10]. 

 

The steps in preparing HOTS-based questions can be 

done by taking into account the signs of using verbs questions 

[7]. Another thing to note is the context and content of the 

questions related to real problems in daily life. Teachers need 

to emphasize mathematical literacy skills so that students can 

make mathematical models and solve the given problems. 

HOTS questions are generally objective tests in the form of 

multiple choices. Multiple choice questions have advantages 

such as an unbiased, easy assessment, can be used to measure 

broad competencies and can explore the level of mastery of 

students' concepts through their distractor functions. 

Developing multiple choice HOTS questions requires a 

number of mastery algorithms or alternative solutions that can 

stimulate students to express their opinions. HOTS questions 

with multiple choice forms must be able to distinguish 

students' abilities so that the objectives of learning 

mathematics according to curriculum standards can be 

achieved. 

 

The learning used in high schools is still largely using 

traditional approaches and has not referred to the development 

of HOTS [4]. The implementation of the 2013 curriculum that 

has been implemented simultaneously by the government in 

2018 is a challenge for teachers to adjust the learning process 

and assessment standards in schools. The purpose of the 

assessment is to obtain an understanding of the level of 

mastery and weakness of students, assessing the level of 

competence, evaluating material content, and other 

informative goals [11]. Assessment that is oriented only to 

mastering the concept results in students' weaknesses in 

aspects of mathematical literacy. Students are familiar with the 

mathematical context of direct objects such as knowing facts, 

concepts, operations, and principles. The questions that can be 

solved by students are more related to aspects of factual 

knowledge so that if students are given HOTS questions then 

they tend to be avoided. In addition, teachers are still limited 

in developing HOTS-based questions that measure all 

dimensions of knowledge. 

 

The development of HOTS-based questions can be done 

independently and flexible depending on the achievement of 

core competencies for each material [12]. Conversely, students 

can also master HOTS through a learning process that 

supports critical thinking, creative, and problem-solving skills. 

The material that can be developed is HOTS based problem 

construction with 2013 curriculum assessment standards 

including linear and matrix programs. Linear and matrix 

programs are material taught in class XI with the material 

prerequisites for systems of equations and linear inequalities. 

The development of HOTS-based questions on linear and 

matrix program material is very good to use because it is 

directly related to students' daily learning experiences. HOTS 

questions are contextual and stimulate students to develop 

thinking literacy by using visualization to be easily understood 

[13]. 

 

The process of preparing standardized questions can be 

carried out in stages [14], namely, (1) planning the type of 

questions, (2) preparing items, (3) preparing questions, (4) 

preparing scoring techniques, (5) analyzing items, and (6) 

standardization of questions. Assessment instruments should 

measure objects that should be measured in order to obtain the 

validity of the conclusions from the measurement results. 

Construction of the questions is prepared to refer to basic 

competencies, but in the assessment the teacher cannot easily 

determine the achievement of each indicator of student 

success in learning. In linear and matrix program material 

there is a dimension of factual, conceptual, procedural, and 

metacognitive knowledge that must be mastered by students 

but to measure mastery the teacher needs an indicator so that 

the construction of questions can be relevant to the object to 

be measured. Therefore, HOTS-based problem construction 

with 2013 curriculum assessment standards on linear and 

matrix program material is important and becomes the object 

of this study. 

II. RESEARCH METHODS 

This research was a quantitative research with the 

form of developing the construction of questions on linear 

program material and matrix. The purpose of this research was 

to find the construction of latent variables from several 

manifest variables (indicators) to produce HOTS-based 

problem criteria with the orientation to 2013 curriculum 

assessment standards. The population in this research 

amounted to 257 students with 200 samples obtained through 

Slovin formula. 
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Data collection instruments used HOTS-based test 

sheets on linear and matrix program material. The number of 

questions used was 50 questions with assessment criteria at the 

cognitive level namely; analyze (C4), evaluate (C5), and 

create (C6) while the measured dimensions of knowledge 

were in the realm of conceptual, procedural, and 

metacognitive knowledge. The construction of HOTS-based 

questions in this study can be seen in Figure 1. 

 
Figure 1. 

Construction of HOTS-Based Problem Factor Diagram 

Description:   
X: Knowledge X1: Procedural Y1: Analyzing 

Y: HOTS Level X2: Conceptual Y2: Evaluating 

 X3: Metacognitive Y3: Creating 

          The measurement equation based on figure 1 can be 

written as follows: 

 dan   for i=1,2, and 3         (1) 

 

The construction of the questions was made by using 

the knowledge dimension and HOTS level as a latent variable, 

while the items that measured each indicator of known 

dimensions and HOTS levels acted as manifest variables. The 

distribution of questions according to knowledge dimensions 

and HOTS levels is shown in table 1. 

 
Table 1. Problem Indicator and Item Distribution 

 

Knowledge 

dimension 

HOTS Level Item 

number C4 C5 C6 

Procedural 1,6,12,37

,46,50 

19,25,2

7,45 

7,20,29 13 

Conceptual  5,9,14,16

,26,30,38

,47 

3,8,11,

24,35,4

0,42 

4,18,21

,33,48 

20 

Metacognitive  2,10,23,3

9,41,43 

13,15,3

1,34,49 

17,22,2

8,32,36

,44 

17 

Item number 20 16 14 50 

 

 Data analysis in this study used factor analysis to 
determine the conformity of manifest variables (indicators) 
that form latent variables [15]. The construction of 
questions was based on the dimensions of knowledge 
formed by conceptual, procedural, and metacognitive 
knowledge while HOTS-based questions consisted of three 
cognitive levels namely; C4, C5, and C6. The construction 
of the items produced into references was obtained by 
HOTS-based questions that were able to measure the 
dimensions of students' knowledge and mastery of HOTS 
levels in linear and matrix program materials. The 
measurement model in factor analysis is said to be feasible 
to use if it meets the unidimensionality test, construct 
reliability (CR), variance extracted (VE) and the goodness 
of fit indicates (GFI) as shown in table 2 [15]. 

Table 2. The Goodness of Fit Indicates 

 GFI Measurement The Goodness of Fit Model 

Criteria 

 ≥ 0.05 

RMSEA ≤ 0.08 

CFI ≥ 0.90 

GFI ≥ 0.09 

AGFI ≥ 0.09 

NNFI ≥ 0.09 

NFI ≥ 0.09 

Chi-square ≥ 0.00 

Df ≥ 0.00 

 

III. RESULTS AND DISCUSSION 

Data that has been collected from the sample was 

analyzed descriptively. The results of the data processing are 

shown in table 3. 

 

Table 3. Descriptive Statistics of Knowledge Dimensions 

and Students' HOTS Levels 

 

X1 X2 X3 Y1 Y2 Y3 X Y 

Mean 
7.6

6 

11.

99 

10.

16 

11.

86 

9.5

4 

8.3

7 

29.

81 

29.

78 

Median 8 
12.

5 
10 12 10 9 31 

30.

50 

Mode 9 12 10 14 13 10 33 30 

Std. 

Deviation 

2.4

7 

3.8

04 

3.1

57 

3.4

82 

3.0

45 

2.8

57 

8.0

42 

8.0

84 

Skewness 

-

.55

0 

-

.36

1 

-

.43

3 

-

.41

1 

-

.49

3 

-

.39

3 

-

.54

0 

-

.50

4 

Kurtosis 

-

.25

7 

-

.48

4 

-

.11

6 

-

.43

4 

-

.24

9 

-

.20

1 

-

.15

7 

-

.19

3 

Minimum 
1.0

0 

2.0

0 

1.0

0 

3.0

0 

1.0

0 

1.0

0 

9.0

0 

9.0

0 

Maximu

m 

13.

00 

20.

00 

17.

00 

19.

00 

16.

00 

14.

00 

46.

00 

46.

00 

 

Based on data processing in Table 3, it can be seen that 

the dimensions of conceptual knowledge (X2) were slightly 

more controlled by students than other dimensions of 

knowledge. It was indicated by the average value, median, 
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mode and greater standard deviation. Items in each dimension 

of knowledge can generally be mastered by students marked 

with maximum values for X1, X2, and X3 which were the 

number of items in that aspect. On the HOTS level indicator, 

the C6 cognitive aspect was the most difficult aspect mastered 

by students. The average value, median, mode and standard 

deviation at C6 (Y3) were the smallest among other cognitive 

aspects. In general, the level of mastery of students solving 

HOTS-based questions on linear and matrix program material 

was quite well marked by median and mode values that were 

greater than average. It indicated that the students' scores 

converge was slightly above the average. 

 

After obtaining the data description, then a factor analysis 

was performed to determine the construction of the problem 

that has met the measurement model of knowledge dimensions 

and HOTS levels. To conduct factor analysis, a prerequisite 

test was needed, namely multivariate normality test using 

Mahalanobis distance. Based on the results of the data from 

200 samples, Mahalanobis distance the sample dataset is 

smaller than the required value of 26.12. This shows that there 

was no data outliers from the data set so that the analysis can 

proceed. The next test was done by determining the linearity 

between variables of the proposed model. The linearity test 

results showed that all manifest variables of knowledge 

dimension and HOTS level had p-value of > 0.05 and sig. of 

<0.05, which means that the construction of latent variables 

could be explained linearly by items that formed manifest 

variables. 

 

Based on this, the analysis continued with factor analysis 

to obtain an overview of the suitability of the problem 

construct produced in explaining the latent variables. The 

results of the measurement of the initial stage factor analysis 

based on GFI are shown in Table 4. 

Table 4. Results of GFI factor analysis on early stage 

GFI 

measurement 

Criteria  Statistical 

value 

Conclusion  

 ≥ 0.05 0.01312 Model was not fit 

RMSEA ≤ 0.08 0.0842 Model was not fit 

CFI ≥ 0.90 0.992 Model was fit 

GFI ≥ 0.09 0.97 Model was fit 

AGFI ≥ 0.09 0.921 Model was fit 

NNFI ≥ 0.09 0.985 Model was fit 

NFI ≥ 0.09 0.987 Model was fit 

Chi-square ≥ 0.00 19.34 Over identified 

Df ≥ 0.00 8 Over identified 

 

Table 4 showed that the measurement model was not fit 

with the p-value and RMSEA that did not meet the goodness 

of fit model. The cause of the measurement model that was 

not fit can be traced through the results of the parameter 

estimation. factor weight coefficient. CR and VE values. A 

summary of the results of factor analysis can be seen in table 

5. 

Table 5. Summary of parameter Estimation Results 

Measurement 

model 
 T  Errorvar CR VE 

X     0.806 0.584 

X1  0.72 12.43 0.52 0.48   

X2  0.81 14.23 0.65 0.35   

X3  0.76 13.10 0.57 0.43   

Y     0.823 0.608 

Y1  0.80 14.04 0.64 0.36   

Y2  0.78 13.72 0.62 0.38   

Y3  0.76 13.12 0.57 0.43   

 

Based on the results of the analysis in Tables 4 and 5, the 

following conclusions are obtained: 

1. Test the suitability of the model is not fit so that the 

proposed model has not been able to generalize the 

phenomenon under study 

2. All factor weight coefficients of the measurement 

model are statistically significant 

3. CR and VE values so that each indicator meets 

consistency and composite criteria in measuring the latent 

variables studied. but all indicators have an estimate of less 

than 70% which indicates that there is no dominant indicator 

forming latent variables so that there is a correlation between 

indicators or there are variables that can be explained by other 

variables forming indicators in the model. 

 

After analysis, in the diagram shown that the Y2 indicator 

can explain the latent variable X, so that the proposed model 

becomes a non-congeneric multi-factor [15]. Efforts to 

improve are done by correlating Y2 and X so that parameter 

estimation can be obtained as shown in Figure 2. 

 
Figure 2. Parameter Estimation Results After Model 

Repair 

In Figure 2, it can be seen that X cannot be explained 

unidimensionally right and consistent by the three forming 

indicators while Y2 could not singly explain Y, but could also 

explain X. The consequences of changing the measurement 
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model caused the model specification to be re-examined based 

on existing theories [15]. The results of the improvement of 

the measurement model showed the P-value and RMSEA 

which means that the model was fit with the data and was 

suitable for use. Furthermore, a summary of the parameter 

estimation results after an improvement was made on the 

model shown in table 6. 

Table 6. Summary of Parameter Estimation Results After 

Model Repair 

Measurement 

model 
 t  Errorvar CR VE 

X     0.81 0.58 

X1  0.72 12.43 0.52 0.48   

X2  0.81 14.23 0.65 0.35   

X3  0.76 13.10 0.57 0.43   

Y2  -

0.46 

-2.98     

Y     0.85 0.72 

Y1  0.86 15.21 0.64 0.36   

Y2  1.19 7.27 0.62 0.38   

Y3  0.83 14.31 0.57 0.3   

 

The parameter estimation results after repairing the model 

were generally better with GFI meeting the goodness of fit 

criteria, CR, and VE. However. Unidimensional tests cannot 

be fulfilled which means that in the construction of the 

problem, there are indicators that have not been able to 

measure single latent variables. Knowledge dimension 

consisting of three indicators, namely procedural, conceptual, 

and metacognitive knowledge were also constructed by the 

ability to evaluate. 

 

Based on the results of the study, it revealed that the 

ability to evaluate (C5) was related to the dimensions of 

knowledge they have. This is in line with the opinion [16] 

which mentioned the level of thinking C5 was a means of 

students in making judgments based on certain criteria or 

standards while metacognitive knowledge was general 

knowledge about awareness and knowledge of one's personal 

awareness including self-knowledge, strategic, contextual and 

conditional knowledge. Someone who had the ability to 

evaluate something would be very dependent on the 

knowledge of recognizing one's own abilities or strategies to 

be used as well as the time related to their application. C5 

cognitive dimensions required a more complex construct 

analysis of the problem in order to reach the dimensions of 

students' knowledge [17]. The frequency of C5 questions was 

the lowest from HOTS level in revealing the dimensions of 

students' knowledge [11], [17]. This means it was not easy to 

make C5 questions that were consistently able to measure 

HOTS abilities without affecting the dimensions of 

knowledge. In line with the results of this study, Muslim & 

Nugraha concluded that the questions adopted from TIMSS 

with evaluating indicators were the character of the problem 

that was difficult to distinguish the dimensions of students' 

knowledge [18]. The problem of C5 had the ability to build all 

dimensions of student knowledge. 

IV. CONCLUSION  

     The results of the study produced 50 items of linear 

program material and matrix that tested for validity and 

reliability with the results of the construction of the questions 

on the knowledge dimension and HOTS level met the criteria 

for the GFI model, CR, and VE which means that the model 

can be generalized to the population with each indicator can 

explain well the latent variables studied. However, the model 

obtained is not unidimensional which means that there are 

indicators that are HOTS C5 levels that do not consistently 

explain latent variables. This means that a review study on the 

construction of the questions is needed, especially at the 

HOTS C5 level, so it is recommended to the next researcher to 

make HOTS C5 level questions, and need to carefully 

formulate the questions. Efforts to minimize errors in 

constructing HOTS C5 level questions can be done by 

avoiding the sentence being evaluative to students' 

understanding or learning strategies because it creates 

interpretations that are similar to the dimensions of 

metacognitive knowledge. 
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