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Abstract. The standards of learning process for pre-service science teachers in Indonesia need to be improved, 

especially related to the international benchmarking surveys. One of surveys is the Program for International Student 

Assessment (PISA) which measures the aspect of what the students know and what they can do (applications) with their 

knowledge. This study aimed at producing a training model for pre-service science teachers in developing an assessment 

with the standard of international benchmarking survey in this case PISA in order to be able to compete in global 

market. The subject of this research was the students of pre-service teacher in the Study Program of Science Education, 

Faculty of Mathematics and Science, UNY. The research method was using Research and Development (Thiagarajan, 

S., et al, 1974) with Four-D Models, which was modified through Barg & Gall’s R & D model (1983). The research 

stages included Define; Design; Develop and Disseminate. The results of this study are (1) the valid pre-service training 

model to develop the competency of test instrument arrangement using the standard of international mapping and 

benchmarking with the V'Aikens coefficient of 0.91-0.97, where the inter-rater reliability can be categorized as “very 

good”, (2) the effectiveness results of the pre-service training model implementation in developing the competency of 

test instrument arrangement with the standard of international mapping and benchmarking, and (3) the practicability 

level of the model, which can be categorized as “very good” according to the lecturer and the student.  
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INTRODUCTION 
 

The era of disruption 4.0 occurs when the movement of industrial world or work competition is no 

longer linear. The change is very fast and fundamental which substituting the old patterns to create a new 

order. It overturns the systems that already exist since ten or even hundreds of years and replaced with a new 

system. The system is driven by innovative and creative young generations with their digital literacy.   

This era is like a double-edged sword which has positive and negative impact. For example, the 

change in the international world directly influence most of countries. It give effect to the social, politic, 

even mental and nation. It is a real challenge for education to prepare the innovative and creative young 

people. Therefore, it is very important to develop science literacy and high-order thinking skills, especially 

related to international benchmarking surveys such as Program for International Student Assessment (PISA). 

PISA is a test system organized by the Organization for Economic Cooperation and Development 

(OECD) [1}, to evaluate the education system of 72 countries around the world. Every three years, a 15-

year-old student is randomly selected, to take the tests of three basic competencies, namely reading, math 

and science. The test measures what students know and what they can do (applications) with their 

knowledge. The theme of the survey is changed every 3 years and in 2015 the focus is on the competence of 

sciences. 

The Indonesian government begin to give serious attention to international surveys or mapping as it 

relates to the nation's competitiveness in the global era. Head of Research and Development Board, Ministey 

of Education and Culture, Totok Suprayitno, says that the improvement of Indonesia's achievements in 2015 
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is well-enough though the results are still below the OECD mean. Based on the mean score, there is an 

increase in the score of PISA Indonesia in the three tested competences, especially in science competence, 

from 382 points in 2012 become 403 in 2015, the mathematics competence increase from 375 into 386. 

Meanwhile, reading competence has not shown significant increase, i.e 396 to be 397. It elevates Indonesia's 

position in 6th place compared to the second-ranked of the lowest in 2012 [2].  

Moreover, based on the median score, the achievement of Indonesian student on reading is getting 

higher, from 337 in 2012 to be 350 in 2015. The mathematical score raise 17 points from 318 into 335. The 

highest improvement is in the science area which increase from 327 into 359. This higher median comparing 

to the mean can become a good indicator to improve the access and the quality distrubution inclusively [2]. 

Further, Head of Educational Assessment Center of Research and Development Board, Ministry of 

Education and Culture says that there is a consistent increase on the sampling coverage of Indonesian 

students, i.e. 46 percent in 2003 to 53 percent in 2006. Furthermore, the score rise from 63.4 percent in 

2012, and became 68.2 percent in 2015. "Increasing the coverage of this sampling is an evidence that the 

program of 9-year compulsory education and the expansion towards a compulsory learning of 12 years as 

well as the inclusion of Indonesian student participation in education is fruitful," as he said in Jakarta on 

Tuesday [3]. 

The most important thing of these international benchmarking surveys, such as PISA, is the 

information that can be followed-up based on the diagnoses from the survey. The achievements must be 

gradually improved through the enhancement of the education quality in Indonesia. If the increase rate in 

2012-2015 can be maintained, then, by 2030 our achievement will be equal to the average achievement of 

OECD countries. Therefore, it is important to include PISA assessment in the learning process, especially 

for pre-service teacher program becasue the quality standard of sciences teachers in Indonesia need to be 

improved, particularly related to international benchmarking surveys. 

Based on the above problem analysis, the purpose of this research is to improve the competence of 

professional pre-service teacher of sciences field in the assessment development of international standard 

benchmarking for global competitiveness. The strategic target is the students of pre-service teachers in the 

Institute of Teacher Education (LPTK). 

 

RESEARCH METHOD 

The research was using Research and Development method, as the research flow illustrated in Figure 

1. The phase of “define” or “research and information collectio”n [4] was the initial research and data 

collection through literature study, needs analysis and field study. The design or planning phase  was the 

product design including the aim of the product use, the product user and the description of the product 

components. The stage of develop or develop preliminary form of product was an early product 

development. The disseminate phase had four developmental steps, namely preliminary field testing  which 

were initial field trials, main product revision or test results revision, main field testing  or field trials and 

operational product revisions [4] or refinement of field test results. 

Portfolio documentation techniques were used to collect data related to the Research 

implementation, such as test guidelines, test materials, answer keys, and student responses as the 

research sample [5]. The response in this study was obtained after the students worked on a set of 

international benchmarking PISA survey instruments containing various test item, i.e. multiple choice, 

matching, essay, and other types. This instrument was made by a collaborative team of researchers and 

students. 

The PISA international benchmarking survey instrument that had been arranged was, then, 

validated to make sure the instrument can actually describe the aspect being measured [6]. The items 

were made based on the distributed guideline which was proportional based on the description of the 

listed material in the curriculum, so that the content validity or theoretical validity is eligible. The 

coefficient of the content validity in this research was processed based on the given score from expert 

judgment. After that, the judgment results were computed using the Aiken formula [7]: 

𝑉 =  
∑ 𝑠

[𝑛(𝑐 − 1)]
 

s = r – lo  

lo = the lowest validity score 

c = the highest validity score 

r = the score from the expert 
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Four ratings categories were used, namely "irrelevant”, “less relevant”, “relevant”, and “highly 
relevant”" and the Aiken index should be in the score of 0.87 (α = 0.05) or 0.93 (α = 0.01) [7]. 

However, according to [8], the validity coefficient around 0.7 is still acceptable and considered 

satisfactory. Based on the analysis with aiken formula, it was obtained 0.935 for index average of the 

content validity [11]. The content validity for the instruments of the international benchmarking survey 

of PISA increased from 0.867 into 1. Thus, it can be concluded that the items of the test instrument are 

valid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the initial field trials and limited trials of PISA international benchmarking survey instrument 

for integrated science learning, the research subjects involved 6th semester students of Sciences 

Education Study Program in the year of 2018 who joined microteaching course and the samples were 2 

classes , i.e. A and I class. Each class was devided into experimental groups and control group for 5 

different subjects. In the microteaching class, the two classes were divided into groups with 10 

members of each group that were taught by two lecturers. The experimental design during preliminary 

field testing was as follows. 
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TABLE 1. Preliminary field testing design 

Class Pre-test 5 Initial Main Topics  Post-test (1) 5 Following Main 

Topics 

Post-test (2) 

A T1 X T2 X T3 

I T1 X T2 X T3 

 

RESULT AND DISCUSSION 

The basic development of pre-service trainning model is the ability to make sciences literacy 

assessment in PISA which contains knowledge within the curriculum and cross-curriculum. Moreover, the 

measured scientific literacy aspects are as follows: using knowledge and identifying problems to understand 

facts, making decisions about nature and changes that occur in the environment. The questions of PISA 

really requires reasoning and problem-solving abilities. A student is considered to be able to solve problems 

if he/she can apply their acquired knowledge previously to the new unknown situations. In the PISA test 

intens, there are eight characteristics of cognitive ability, such as (1) thinking and reasoning, (2) 

argumentation, (3) communication, (4) modeling, (5) problem posing and solving, (6) representation, using 

symbolic, (7) formal and technical language and operations, (8) ) use of aids and tools 

Those eight cognitive characteristics are really matched to the learning objectives of sciences based 

on the curriculum. It means that PISA problem not only demand the concept application but also how the 

concept can be applied in various situations, as well as the students' ability of reasoning and arguing in 

solving a problem. 

The PISA Framework of sciences is based on three dimensions: (1) the content (2) the process, 

from phenomenon observation, connecting the phenomenon with sciences, till solving the problem being 

observed; and (3) the situations and contexts, as shown in the picture below: 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2.  PISA IPA Framework 

 

The research results on “define” or “research and information collection” stage [4] begin by 

analyzing the sciences PISA Framework in the high order thinking skills domain. [9] and [10] defines high 

order thingking as the use of complex, nonalgorithmic thinking to solve a Task, in which there is not a 

predictable, well-rehearsed approach or pathway explicitly suggested by the task instruction, or a worked out 

example. According to Stein, high-level thinking uses complex, non-algorithmic thinking to accomplish a 

task, some unpredictable, using different approaches for the existing and different tasks from previous 

examples. 
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Furthermore, the “design or planning” phase [4] covers a product design that can be produced 

including the purpose of product use in the form of pre-service training model, product users and description 

of product components. In this stage, an international standar-benchmarking assessment is prepared based 

on the specified format in the instrument specification stage, as set out in Table 1. 

TABLE 1. Items included in pilot instruments by response types 

 
     Number of Item % 

Essay - Constructed Response 10 20 

Essay - Reasonning 10 20 

Simple Multiple Choice  10 20 

Matching  10 20 

True-False  10 20 

Total 50 100 

 

The assessment rubric is using the range of 1 to 4 for each indicator. The next step describes each 

indicator with 4 statements. The statement is adjusted to the aspect and indicator that has been set. The result 

of this stage is the initial design of the international standard benchmarking assessment. The items are 

created to fulfill the content validation to make sure that the statement can really measure the indicator of the 

manipulative skills. 

The “develop” or “develop preliminary form of products” [4] is an initial product development. In 

this stage, the instrument validation of pre-service training model is in the form of assessment draft on 

international standard benchmarking survey by a lecturer of material expert, a lecturer of assessment expert, 

and four sciences teachers of junior high school. The content validation stage is performed to determine the 

feasibility of the instrument related to the appropriatness of the statement with the indicator, the language 

use in case of communicative aspect. The validators use the sheets in evaluating the developed tool. The 

sheet itself constitutes the aspects of substance, language and construction.  

The obtained scores from all validators for each statement are analyzed using Aiken's formula to 

calculate the content validity coefficient (V) for each statement. Validator ratings are converted into 4 

categories: valid categories without revisions, valid with a little revision, valid with multiple revisions and 

invalid [12]. The validator input is used to revise the assessment instrument. The V'aiken coefficient is 

formulated into the mean score to be confirmed with the numbers limit based on table of Aiken’s V for the 

number of categories ranges of 4 with 6 assessors, i.e. 0.78. The result of the validation of the international 

standard benchmarking assessment with V de Aiken coefficient is 0.91-0.97, while International standard 

benchmarking assessment obtains the assessment results above the minimum criteria that means the 

developed assessment is declared valid to be used in the study. However, a valid assessment instrument 

cannot be considered feasible if it is not reliable so its reliability is clarified through product trials, in 

preliminary field testing. 

The result of item analysis shows that the level of item difficulty in the international standard 

benchmarking survey begin from 0.189 to 0.889 with the mean score of 0.623. The average level of 

difficulty categorized as good because according to [12], [13] and [14] for multiple choice with five 

alternative answers, the optimal difficulty level is 0.59 . Furthermore, referring to [15] criteria, the 

categorization of the difficulty degree  in each items is as follows. 

TABLE 2. The categorization of the item difficulty level 

Catagory Persentage (%) Item number 

Easy 30 (15 items) 3,4,8,9,14,20, 25,27,32,33,38,39,44, 49,45 

Moderate 42 (21 items) 
5, 7,10,13,17,18,19, 22,23,24, 28,29,30,34, 

35,37,40, 42,43, 47,48 

Difficult 28 (14 items) 1,2, 6,11,12, 15, 16,21,26,31,36,41,46, 50 

 

The discriminating power of international benchmarking standard-assessment ranges from 
0.148 to 0.592 with the mean score of of 0.376. The analysis result for discriminating power of an item use 



5th ICRIEMS Proceedings 

Published by Faculty Of Mathematics And Natural Sciences  

Yogyakarta State University, ISBN 978-602-74529-3-0 

 

SE-150 

 

classical approach (biserial point correlation) indicating that there are 5 items (10%) that can not fully 

distinguish the ability of pre-service students. This is because those ten items have discriminating power 

index below the referred criteria i.e. 0.3 ([16],  [17]). 

The “disseminate” phase in this stage is only 2 stages of the four-step development. They are the 

preliminary field testing [4] as initial field trial as well as the main product revision or test results revision. 

Meanwhile, the stages that have not been done yet are the main field testing or field trials and the 

operational product revision [4] or product improvement based on field test results. 

The obtained data in this study is the material mastery in the form of the assessment results on the 

final and initial assessment of international benchmarking survey standards based on the results of pre-test 

and post-tes. The pretest is given to the student before the benchmarking benchmarking standard assessment 

development to determine the students' initial mastery of the student material while the post-test is held after 

the instrument development study in order to know the student mastery of materials after haing treatment. 

Below is the results description for each data. 

The initial data of the students’ science literacy ability and high order thinking skills can be known 

through pre-test. It consists of 50 items which is given to the experimental group and control group. In 

summary, the preliminary student ability can be seen in Table 3. 

TABLE 3.  Parameter Data of Students’ Pre-test for international benchmarking standard  

Variable Score 

Highest Lowest Mean Std. deviation 

Control Class 48 24 38,5 4,32 

Experiment Class 51 22 39,2 4,26 

 

The final assessment data of international student benchmarking survey is obtained from post-test. It is 

employed to the control and experimental group. The test item is similar to the pre-test but the item order is 

set random. To sum, the data is presented in Table 4. 

TABLE 4.  Parameter Data of Students’ Post-test for international benchmarking standard 

Variable Score 

Highest Highest Highest Highest 

Control Class 82 52 64 5,72 

Experiment Class 90 66 76 6,31 

 

Hypothesis testing is done by using manova test and, based on the above analysis, the data has 

been known to be normal distribution, homogeneous and independent. Hypothesis testing is done on 

science literacy data and procedural ability. Based on the calculation resultan, it can be seen that the F 

test is significant at α 5% so it is not equal to 0. It means the ability of science literacy and high order 

thinking skills getting influence from the model availability for autonomous learning in case of the 

development of international standard benchmarking assessment. Having known that the multivariate 

test is signifikan, Then, the univariate test F is implemented. 

TABEL 5. Levene,s test of equality of error variance  

Test Type F df1 df2 Sig. 

science literacy 3.421 1 56 .059 

High Order Thinking 3.236 1 56 .062 
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Based on the table, it can be seen that the significance score between the ability of science literacy and 

high order thinking skills is not similar, i.e. the significance of science literacy of 0.059 and high order 

thinking was 0.062. In addition, the manova test can be seen in the following table. 

TABLE 5. Test of between-subjecs effect 

Source Dependent Variable 

Type III Sum 

of Squares Df Mean Square F Sig. 

Partial Eta 

Squared 

Corrected 

Model 

Science literacy .089a 1 .089 5.162 .025 .081 

High Order Thinking 6346.321b 1 6346.321 164.532 .000 .762 

Intercept Science literacy 15.364 1 15.364 832.864 .000 .898 

High Order Thinking 399616.814 1 399616.814 1.131E4 .000 .986 

Perlakuan Science literacy .094 1 .094 5.221 .028 .084 

High Order Thinking 6311.038 1 6311.038 162.348 .001 .762 

Error Science literacy 1.024 56 .019    

High Order Thinking 2098.322 56 39.072    

Total Science literacy 16.421 57     

High Order Thinking 425073.023 57     

Corrected 

Total 

Science literacy 1.216 56     

High Order Thinking 8468.499 56     

 

Manova analysis is conducted to know whether the independent variable influences the dependent 

variable. It can be revealed from the corrected models and the treatments. Based on the table, both present 

the same F-test information. The result of F univariate test shows that it has significance level which less 

than 0.05, it indicates the model use influences the ability of scientific literacy and procedural ability. 

Partial Eta Square (PES) scores of science literacy and high order thinking are 0.081 and 0.762, 

respectively. This means that model usage affect science literacy by 8.1% and by 76.2% for high order 

thinking [18]. 

From the analysis result, it can be seen that learning with the model is able to influence the ability of 

science literacy and high order thinking skills (8.1%) and high order thinking (76.2%). The results of the 

analysis explain that the students involvement in learning by applying the learning model as an indicator 

of the learning effectiveness. The students do not only receive the materials from lecturers, but students 

also try to gain knowladge and to develop themselves. Therefore, learning outcomes is not just about score 

but it can truly increase the students’ science literacy and high order thinking skills. 

The students’ ability need to be trained by working with the test item of international standard 

benchmarking assessment, so that the application of learning model can be optimal. It requires not only 

hard-skills but also soft-skills for hard work and smart work in groups. This is in line with [19], that student 

soft-skills can be improved by context-based learning, for example the application of procedural knowledge 

in sciences learning. 

That ability can be seen clearly when the students are able to finish the test individually or in 

groups. It can be detected through their ability to explain the exercise completion [20]. In accordance with 

the principle of learning model, it urges students to be active during the learning process because it requires 

students to make their own questions and answers based on the given questions by the lecturer through 

stimulus in the form of pictures, stories, diagrams, etc.  

The students are also trying to gain knowladge and develop themself and by applying the learning 

model, it can encourage students to do their best. Through application of learning with the model, the 

students are not only enthusiastic in doing assessment based on international benchmarking surveys, but 

also train them to learn in groups. The international standard benchmarking assessment make students to 

convey ideas, ideas, opinions. Purwoko, etc. [21] show that the frequency of student involvement in 

learning in line with the improvement of teachers’ competency. In addition, the students also learn to 

appreciate ideas, and opinions from others. 

 

CONCLUSION 
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Based on the description of research findings and discussion above, it can be concluded that the 

developed pre-service trainning model has been able to improve the professional competence of pre-service 

science teacher in the development of international standard benchmarking survey (PISA) assessment. The 

indicators include (1) the valid pre- service trainning model to develop the competence of test instrument 

arrangement based on the standard international benchmarking with V'Aikens coefficient of 0,91-0,97, and 

inter-rater reliability acieve the category of excellent, (2) the effectiveness of model application performed 

in good category, and (3) the practicality level can be classified as very good according to lecturer and 

student, and (4) the model of pre-service teachers competence improvement in developing assessment with 

international benchmarking standard by employing the pre-service trainning model has not shown 

significant improvement, therefore it needs further treatment. 
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