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ABSTRACT 

TIMSS is a large-scale assessment of mathematics and science that demands high levels of thinking skills in students in 

solving existing problems. The results of Indonesian students’ participation in TIMSS show that there is still a low level 

of thinking ability in elementary school students. This is because students are not used to receiving non-routine problems 

that in their completion require high levels of thinking skills. To overcome this, a valid, practical and qualified TIMSS-

type mathematical test instrument was developed to train the ability of high-level students to think. This research was 

conducted with Borg and Gall development model from the first step to step five. The development steps are data 

collection, planning, product development, expert validation, revision, and product trials. This TIMSS-type mathematical 

test instrument is declared valid, practical and qualified and can be used to train students to conduct high order thinking 

skills (HOTS). 
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1. INTRODUCTION 

Based on the standard content of the 2013 curriculum, 

mathematics is one of the subjects that students must 

learn at the elementary school level. In mathematics 

subjects the materials studied are mutually sustainable. 

The statement is in line with Yuniawatika opinion [1] 

stating that mathematics is an interconnected and connect 

discipline Learning mathematics not only teaches about 

concepts, knowledge and counting skills, but also teaches 

students to do reasoning in solving problems 

encountered. According to Hanifah & Manoy [2] the 

questions contained in TIMSS (Trends in International 

Mathematics and Science Study) can be used to develop 

problem solving skills in students with varying degrees 

of difficulty. 

TIMSS is an international institution tasked with 

measuring students’ level of education in the realm of 

mathematics and science. Mullis [3] stated that Indonesia 

has followed the assessment held by TIMSS since 1999 

until now. Based on this, Indonesia’s participation in 

TIMSS is one form of effort to measure the quality of 

Indonesian education compared to other countries in the 

world. Based on the results of the TIMSS survey, 

conducted by the International Association for the 

Evaluation of Education Achievement (IAE) [3] stated 

that the mathematics achievement of Indonesian students 

is relatively low. The low achievement of Indonesian 

students in the TIMSS program is due to students being 

poorly trained in working on TIMSS model questions. 

Based on the results of interviews with VA classroom 

teachers at MIN 13 Blitar found that the teacher did not 

know about the TIMSS model test. Teachers state that the 

need for questions that can stimulate students’ high-level 

thinking skills is urgently needed, but in reality, these 

questions are rarely encountered in learning or in 

textbooks. In line with this, the results of interviews with 

students show that students have never had a problem of 

this type of TIMSS evidenced when students are shown 

about TIMSS in 2015 students say that they have never 

done a problem like this and students find it difficult 

when working on the TIMSS question. 

To determine the success rate of students in learning, 

teachers use test instruments as evaluation tools in 

learning. The definition of a test instrument according to 
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Wulan [4] is an assessment tool in the form of writing to 

observe the level of progress of student achievement in 

learning. Each test instrument made has certain 

conditions in order to be declared a good test instrument. 

According to Akbar [5] the question of a good test must 

qualify as follows (a) validity, which can be interpreted 

as the validity, truth or validity of a measured thing, in 

this case meaning the validity of the test instrument used. 

A test instrument can be said to be valid if it has a validity 

index of 0.401-1.00 according to validity criteria, to 

determine the success rate of students in learning, 

teachers use test instruments as evaluation tools in 

learning. The definition of a test instrument according to 

Wulan [4] is an assessment tool in the form of writing to 

observe the level of progress of student achievement in 

learning. 

Each test instrument made has certain conditions in 

order to be declared a good test instrument. According to 

Akbar [5] the question of a good test must qualify as 

follows: (a) validity, which can be interpreted as the 

validity, truth or validity of a measured thing, in this case 

meaning the validity of the test instrument used. A test 

instrument can be said to be valid if it has a validity index 

of 0.401-1.00 according to validity criteria, (b) reliability, 

a test instrument can be declared to have high reliability 

if the test results are fixed, meaning not the results on 

each test should be the same, but the results follow 

changes, and (c) objectivity, if in the implementation of 

the work of the test instrument there are no subjective 

factors affecting, according to Rahayu [6] there are two 

factors that affect subjectivity namely the form of tests 

and assessors, (d) practicality, test instruments must have 

practical properties, meaning test instruments should be 

easy to use, easy to examine, and equipped with working 

instructions, (e) economical, good test instruments do not 

have to cost a lot of money, a lot of power and a long time 

in the manufacture. 

TIMSS is a large-scale assessment designed to inform 

educational policies and practices by providing an 

international perspective on teaching and learning in 

mathematics and science. According to Provasnik [7] the 

goal of TIMSS is to measure the achievement of 4th and 

8th graders in math and science materials. In TIMSS 

there are 2 domains that are testing frameworks that are 

cognitive domains and content domains. Mullis [3] states 

that the cognitive domain in TIMSS is based on 3 sub 

domains namely knowledge, application and reasoning. 

The domain of content in TIMSS is a test in the realm of 

mathematical materials. Mullis [8] states that in the 

content domain there are 3 topics of grade IV SD/MI 

mathematical material namely numbers, geometry shape 

and measures, and data display presentation. Based on 

Highlights from TIMSS and TIMSS Advanced 2015 

Mullis [9] states that students’ abilities are categorized 

into 4 categories namely low, medium (intermediate), 

high, and very high (advance). 

High-level thinking ability is important for the future 

of students, given that it prepares students to face many 

challenges that will arise in their lives, careers and at the 

level of their personal obligations and responsibilities. 

According to Rofiah [10] HOTS is a deeper and broader 

use of the mind to discover new challenges. Similar to 

that opinion Heong [11] states that HOTS or high-level 

thinking ability is thinking at a higher level, not just 

memorizing facts or saying something to someone 

exactly as heard but is a mental activity in an effort to 

explore complex experiences. Based on these two 

opinions it can be concluded that a high level of thinking 

ability is a person’s ability to think in solving problems 

at a higher level and in many ways’ completion. In the 

2013 curriculum there is a HOTS stage that is stated by 

Ariyana [12] namely: (1) transfer of knowledge which is 

the stage at which students can identify and analyze a 

material, (2) problem solving that students can do 

problem solving by using a certain way, and (3) critical 

and creative thinking that students can think critically and 

string one material into another material that is 

interconnected. 

2. METHOD 

This research uses this type of research and 

development or research and development (R&D). The 

development model used is the Borg and Gall 

development model. According to Borg and Gall [13] 

there are ten steps to implementing research and 

development strategies. However, in research is only 

used up to the fifth step with the first stage of research 

data collection, planning, product development, field 

trials, and product revisions. 

In the first step, researchers conducted data collection 

through observations, interviews, identification of basic 

competencies, as well as library studies on TIMSS, 

HOTS, and mathematical instruments. The second step is 

for researchers to plan the development of instruments in 

the form of establishing material coverage, test 

indicators, and setting the type and number of questions. 

In the third step, researcher began to develop products 

that have been designed to include the creation of test 

work instructions, TIMSS-type math problems, key 

answers and discussions, incorporating questions into 

wonder share applications, as well as product validation 

in media, materials, and language experts. The fourth step 

is a field trial divided into 2, namely one-to-one trials and 

small-scale trials. In the fifth step, the researcher revises 

the product based on criticism and advice given by the 

validator. 

The data obtained in this development is quantitative 

and qualitative data. The instruments used as data 

collectors in the development of this module are 

validation instruments of material experts, media experts, 

users, namely teachers in the form of assessment 

questionnaires and questionnaires working on 
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mathematical test instruments of TIMSS type by 

students. Data analysis techniques used to analyze 

validation results data by experts or experts and 

readability tests by students are with average analysis 

techniques. 

3. RESULT 

In the validation results by material experts in table 1 

obtained the results of the calculation of validity shows 

that the product gets a percentage of 95.8%. Thus, based 

on the validity criteria according to Akbar [5] the 

intrusion of the K-13 mathematical test of the TIMSS 

type is declared valid by the material expert. data 

validation results from material experts namely test 

instruments must be adjusted to the basic competencies 

contained in the curriculum, re-search hots indicators in 

accordance with the curriculum, improvements in 

question writing and scrutiny of the content of basic 

competencies, indicators and questions. 

Table 1 Material expert validation results 

No. Assessment Indicators Amount % 

1. Material suitability with grids 16 100 

Average 4 100 

Criteria  Very Valid 

 

2. Material accuracy 14 350 

Average 3,5 87,5 

Criteria  Very Valid 

 

3. Higher Order Thinking Skills 

(HOTS) Presentation 
Techniques 

11 

275 

Average 3,7 91,7 

Criteria  Very Valid 

 

4.  Presentation techniques  8 200 

Average 4 100 

Criteria  Very Valid 

  

5. Linguistics 16 400 

Average 4 100 

Criteria  Very Valid 

 

Overall Amount  65 1625 

Overall Average  3,84 95,8 

Overall Criteria  Very Valid 

 
Table 2 Media expert validation results 

No. Assessment Indicators Amount % 

1. Presentation of text or writing 11 275 

Average 3,7 91,7 

Criteria  Very Valid 

 

2. Linguistic  16 400 

Average 4 100 

Criteria  Very Valid 

 

Overall Amount  27 675 

Overall Average  3,85 95,9 

Overall Criteria  Very Valid 

 

In the validation results by media experts obtained the 

results of the calculation of validity in table 2 shows that 

the percentage is 95.9%. Thus, based on the validity 

criteria according to Akbar [5] the intrusion of the K-13 

mathematical test of TIMSS type is declared very valid 

by media experts. note the validation results from media 

experts i.e. the use of font letters should be equalized and 

also note the density of writing in 1 slide. 

Table 3 User validation results 

No. Assessment Indicators Amount Percentage % 

1. Material suitability with 

grids 

16 400 

Average 4 100 

Criteria  Very Valid 

2. Material accuracy 16 400 

Average 4 100 

Criteria  Very Valid 

3. Higher Order Thinking 

Skills (HOTS) Presentation 
Techniques 

12 

300 

Average 4 100 

Criteria  Very Valid 

4. Presentation techniques  8 200 

Average 4 100 

Criteria  Very Valid 

5. Linguistics 16 400 

Average 4 100 

Criteria  Very Valid 

Overall Amount 68 1700 

Overall Average  4 100 

Overall Criteria Very Valid 

 

In the validation results by the user get the results of 

the calculation of validity in Table 3 shows that the 

percentage is 100%. Thus, based on the validity criteria 

according to Akbar [5] the intrusion of the K-13 math test 

of TIMSS type is declared very valid by the teacher as a 

user. The teacher’s validation of the k-13 math test 

instrument of TIMSS type is very good for stimulating 

high-level thinking in students, for further development 

should be adjusted between the material and the ability of 

the student in general. 

From the Figure 1 poll results in the one to one test is 

known there is 1 indicator that has not reached 100%. The 

results are then used as a reference to revise the product 

to better suit the students’ wishes. But from the above 

poll it is known that both students are challenged with k-

13 math test instruments of TIMSS type and can be used 

to study independently with the intrusion of the math test. 

After the revision, a small-scale trial was conducted to 

see how large a K-13-type mathematical test instrument 

of the TIMSS type could train students to think at a high 

level. After the initial field test the small scale was known 

to be the average percentage of students who agreed with 

the statement of 95.3%. A percentage of 95.3% if 

interpreted according to Akbar [5] validity criteria then 

the K-13 mathematical test instrument product of TIMSS 

type is declared very valid and usable. 
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Figure 1 One-to-One test results and small-scale field test 

From these results it can be seen that grade V students 

are attracted and challenged with the mathematical test 

instrument well. All grade V students also state that a K-

13 math test instrument of TIMSS type can train students 

to think high levels. Therefore, based on diagram 1 small-

scale trial results can be concluded that k-13 math 

intrusion of TIMSS type is feasible for use for grade V 

elementary school students. Note the results of small-

scale initial field trials that are in the process of working 

on the student allocation test instrument exceeding the 

allocation of time that has been given, in the assessment 

of the results of the test instrument work there is 

difficulty in providing scores because indirect scores can 

be known to have to go through the assessment manually 

for question numbers 16 to 20. Wonder share apps can 

only be opened with a laptop. 

While the results of the calculation of the quality of 

the test intrusion produces exposure to the following data. 

Validity test results show that the number of questions 

that got rxy results in the value range of 0.601 to 0.800 as 

many as 9 numbers and questions that got rxy results in 

the value range of 0.801 to 1.00 as many as 11 numbers. 

From the data can be seen the level of validity of the 

question on the mathematical test instrument of TIMSS 

type is declared very valid. This is in part based on the 

reliability criteria according to Yuusp [14] which states 

that a test instrument can be said to have a reliable if 

spearman-brown’s reliability coefficient value is more 

than 0.700 (r11 > 0.700). From the calculation of 

reliability, the test instrument obtained a reliability score 

of 0.895. Based on reliability trials this value is very 

reliable, because it is in the range of 0.801 – 1.00. 

The results of the difficulty level calculation show 

that the number of questions that got the difficulty level 

in the value range of 0.00 to 0.30 as many as 4 numbers, 

as many as 13 numbers are in the value range of 0.31 to 

0.70, and as many as 3 numbers are in the value range of 

0.71 to 1.00. Meanwhile, the results of the differentiating 

power calculation show that the number of questions that 

get the value of the differentiating power index in the 

range of values 0.00 to 0.20 as much as 5 numbers, as 

many as 6 numbers are in the value range of 0.21 to 0.40, 

as many as 5 numbers are in the value range of 0.41 to 

0.70, and as many as 4 numbers are in the value range of 

0.71 to 1.00. 

4. DISCUSSION 

Based on the validation results of the material experts, 

it can be noted that the product of mathematical test 

instruments of TIMSS type has been valid and worth 

using. In the validation results are processed the 

percentage achieved by 95.8%. Based on these results, 

the product of mathematical test instrument of TIMSS 

type is declared valid and can be used. This is in 

accordance with the validity criteria of Akbar [5] which 

states that if the validity result is in the range of 0.801 – 

1.00 or 80% - 100% then the validity rate is very high. 

The validation of this material is good enough, because 

previously Muslich [15] developed hots assessment 

instruments only get validity of 80%, Siti S. [16] 

developed a high level of thinking ability tests package is 

also still validated 87.5%. validated by media experts. 

Based on the analysis of data from media experts, the 

product of mathematical test instruments is worth using 

reviewed from the presentation of text or writing and 

language. In the validation results of media experts 

processed the percentage achieved by 95.9%. Based on 

these results, the product of mathematical test 

instruments of TIMSS type is declared valid and can be 

used by media experts. The statement is in accordance 

with the opinion of Soyah [16] the question can be said 

to be valid if the coefficient of validity must be more than 

0.600 (rxy > 0.600) or can be expressed in percent up to 

60%. So, the question of getting rxy results below 0.600 

can be expressed as an invalid question. The results of 

this media validation have been quite good, seeing 

previously Nurmadinah [17] develop hots test 

instruments with a media validity achieve of only 

80.66%. 

Based on the validation results of teachers and 

students, it is known that the product of a mathematical 

test instrument of TIMSS type is valid and worth using. 

From validation results by teachers obtained a percentage 

of achievability of 100%. Meanwhile, student validation 

results through one-to-one tests and small-scale trials 

achieved an achievable percentage of 94.5%. Based on 

the validation results, the product of mathematical test 

instrument of TIMSS type is declared very valid and can 

be used. The validity rating of this user is already good to 

see when Hapsari [18] when developing hots assessment 

instrument skilled practitioners (users) give a value of 

90%. 

Validity tests are carried out aimed at testing the 

validity or correctness of the designed test instruments. 

According to Akbar [5] states that a test instrument can 

be said to be of very high validity when it is obtained 

values in the range of 0.801 to 1.00 in its validity test. 

And it is said to have a very low validity when obtaining 

values in the range of 0.00 to 0.200. From the validity test 
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results of mathematical test instruments of type TIMSS 

shows the result that there are 9 question numbers that get 

high validity scores and 11 numbers get very high 

validity scores. The results of this validity test are good 

enough, looking at previously Anggrianin [19] the results 

of the validation of hots assessment instrument products 

stating that all questions are in the value range of 4 ≤ Va 

≤ 5 with a valid interpretation. 

Reliability tests are carried out aimed at testing the 

reliability or determination of designed test instruments. 

According to Matondang [20] states that the criteria used 

in assessing the reliability of an instrument can use 

validity criteria. The reliability criterion is that a test 

instrument can be said to have very high reliability if it is 

obtained values in the range of 0.801 to 1.00 in its 

reliability test. And it is said to have very low reliability 

when obtaining values in the range of 0.00 to 0.200. From 

the reliability test results of mathematical test instruments 

of TIMSS type produce a value of 0.895. The value is in 

the range of 0.801 to 1.00 and it can be stated that 

mathematical test instruments of TIMSS type have very 

high reliability. the result is quite good when compared 

to the previous Muslich [15] only got a degree of 

reliability of 0.713 with high interpretation. 

Calculation of difficulty level is done to measure the 

level of difficulty in the work of question items by 

students. according to Arikunto [5] when the question 

item is worth 1.00 then n = the question is very easy to 

work with, and when the question item gets a value close 

to 0.00 then the question is difficult to work with. From 

the calculation of difficulty levels on mathematical test 

instruments obtained results that there are 4 questions 

that have a high/difficulty index, 13 questions that have a 

moderate difficulty index, and 3 questions that have a 

low/easy difficulty index. According to Mullis [5] it 

states that the problems found in TIMSS have levels 

consistent with the description of cognitive domains in 

table 2.1 about the percentage of cognitive domains in 

TIMSS. The result has been quite good, with the previous 

Sofyah [16] there are 5 questions with difficulty index 

and 4 questions with medium difficulty index no question 

with easy difficulty index. 

The calculation of test differentiating power aims to 

test the ability of test instrument in distinguishing highly 

skilled students and low-skilled students. According to 

Akbar [5] stated that the question that can be answered 

correctly by highly skilled and low-skilled students then 

the question has a low or punishing differentiation power. 

Therefore, a question can be said to have a high 

differentiating power / very good if it is in the range of 

values 0.71 to 1.00, and is said to have a low 

differentiating power / bad if it is in the range of values 

0.00 to 0.20. From the calculation of the differentiating 

power of mathematical test instruments of TIMSS type 

shows the result that there are 5 question numbers that get 

a very low/bad differentiating power index and 4 

numbers get a very high/very high differentiating power 

index. However, the results of the differentiating power 

are better than Sofyah [16] when developing a high level 

of thinking ability test package there is 1 problem with 

good differentiating power, 4 questions with sufficient 

differentiating power, and 4 questions with bad 

differentiating power. 

The validation of mathematical test instruments of 

TIMSS type shows the criteria are very valid so that it 

can be used without revision. It can be interpreted that 

mathematical test instruments deserve to be used as a tool 

to train students’ high-level thinking skills, especially in 

math subjects. The feasibility of the test instrument is in 

accordance with the requirements of a good test 

according to Akbar [5] namely validity, reliability, 

objectivity, predictivity, and economy. The six 

conditions have been spelled out in the validity 

instrument and have been analyzed the quality of each 

question item contained in the test instrument. 

TIMSS-type mathematical test instruments can be 

used by teachers as a reference in developing daily 

problems in learning, especially in mathematics subjects. 

Based on previous research that mathematical test 

instruments of TIMSS type can train high-level thinking 

skills in the realm of critical and creative thinking. 

Oktavia [18] has been developing a TIMSS-type test 

instrument with the results of the study stating that the 

development of mathematics sola of type TIMSS can 

improve critical thinking skills in students, although 

students have difficulty in identifying problems given in 

the question and time constraints, this is because students 

are wrong in choosing the problem-solving process.  

TIMSS-type mathematical test instruments 

developed have advantages that are the material 

contained in it in accordance with KI and KD curriculum 

2013 revision 2017, materials tested in accordance with 

the daily life of students, mathematical test instruments 

have 3 indicators in each question namely from the 2013 

curriculum, indicators from TIMSS and HOTS 

indicators. The sentences in the question are typed and 

arranged and adjusted to the student’s age, making it 

easier for students to work. The look of instruments 

packed with Wonder share app is not boring, it can 

increase students’ learning motivation. TIMSS-type 

mathematical test instruments can stimulate students to 

perform high order thinking skills (HOTS). 

In addition to having advantages, the product of 

mathematical test instruments of TIMSS type also has 

weaknesses. There is a weakness that in terms of the 

assessment process cannot be automatically available 

after completion of the test instrument because in the 

mathematical test instrument of TIMSS type there are 5 

details question that require manual assessment with the 

indicator stipulated. In the implementation of the work of 

the test instrument requires paper and pen to write the 

answer of the description. Mathematical test instruments 
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developed can only be opened with laptops cannot be 

opened on mobile phones or gadgets. 
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