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Abstract: This study aimed to develop an instrument to assess science teacher candidates’ professional and pedagogical 
competence in the Industrial revolution 4.0. The instrument consisted of 30 questions and was used in the main study, which was 
analyzed using the Rasch model to unravel the reliability and empirical validity. The questions were developed based on a 
predetermined grid including the skills and literacy aspects used in the industrial revolution 4.0. The 30 revised questions were 
then tested on 60 students of Science Education at two State universities in Indonesia who were in their third year of study times. 
The Rasch model was employed to test its reliability and empirical validity that included Wright map analysis, item difficulty level, 
distractor analysis, and item suitability with the Rasch model. The results showed that the reliability value of the professional aspect 
was .95 and classified as an excellent category. Moreover, the pedagogic aspect obtained .93 and was classified as a very good 
category. Only one question was the most difficult and did not fit the Rasch model, while the others already fitted. This reliable and 
valid instrument is suggested to be useful in assessing pre-service science teachers’ competence. 
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Introduction 

 In the 21st century, technology and information have been increasing in all aspects of life. In the 1760s, the first industrial 
revolution was sparked and indicated the development of tools used for industrial activities. In the 2000s, it reached the 
fourth industrial revolution or known as the industrial revolution 4.0. When compared to the previous era, the industrial 
revolution 4.0 is growing exponentially. In addition, such development occurs throughout the industry in almost every 
country. This makes the scope of the industrial revolution 4.0 wider to include transformations in all systems of 
production, management, and government (Xu et al., 2018). Exponential technological developments in industrial 
revolution 4.0 include artificial intelligence (AI), biotechnology, nanomaterials, environmentally friendly natural 
resources, and genetic technology (Rahiem, 2020).  

There are four principles characterizing the industrial revolution 4.0, namely systemic impact, empowerment, future 
orientation, and usefulness (Philbeck, 2017). These principles are broadly translated into skills that must be possessed 
by every individual in the 4.0 industrial revolution era, including complex problem solving, critical thinking, creativity, 
people management, coordinating with others, emotional intelligence, judgment and decision making, service 
orientation, negotiation, and cognitive flexibility (World Economic Forum, 2016). 

Educational institutions have an important role in the formation of human resources that can compete in the industrial 
revolution 4.0 (Alda et al., 2020). Maryanti et al. (2020) stated that educational institutions must be able to graduate 
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individuals who are ready to face the challenges so that they become more productive individuals. This is inseparable 
from the role of the learning process that occurs in formal and non-formal education. Teachers as facilitators as well as 
tutors in the classroom are required to have the skills required in the industrial revolution 4.0, e.g., ably providing 
appropriate provisions for their students in facing the development of the industrial revolution 4.0 (Indira et al., 2020). 
Moreover, they are suggested to be able to develop basic competencies, including professional, pedagogic, social, and 
personality competencies, which are relevant to the industry revolution 4.0 skills. 

Industrial revolution 4.0 demands the use of digital technology in the learning process or known as a cyber system 
(Ellitan, 2020). This system is able to make the learning process take place regularly without space and time limits. 
Indonesia can be said to be slower in responding to the industrial revolution 4.0 than the neighboring countries such as 
Malaysia and Singapore. The new 4.0 education system reverberates this year. Therefore, the government must provide 
adequate facilities in welcoming the era of Education 4.0. As the front line in the world of education, teachers must 
upgrade their competencies in the face of the 4.0 Education era. Students respond to any critical phenomena faster than 
teachers. In the end, school output can produce quality human beings commensurate with industrial revolution 4.0. 

As a place to produce qualified teacher candidates, the university should begin its innovative assessment of the pre-
service teachers’ pedagogic and professional competence (Akimova et al., 2020). The two competencies are indeed 
necessary for keeping up the quality of education 4.0. Pedagogic competence refers to any knowledge and practices of 
the teaching and learning process including but not limited to instructional design, curriculum development, producing 
authentic lesson plans, and vice versa (Bakar et al., 2020; Juhji & Nuangchalerm, 2020). These competencies were 
obligatory to be mastered by the pre-service teachers nowadays since the pre-requisite to deal with the current job 
vacancy has been so complex, e.g., the need for critical thinking and computerization skills (Abdullah et al., 2020). 
Moreover, professionalism should be permeated completely to hinder them from job burnout and absenteeism. 
Professional aspects might give various perspectives on how to manage a classroom, school programs, and student 
problems (Macaro et al., 2020). Therefore, these two competencies should be appropriated by the pre-service teachers 
at the very beginning.  

By looking at the above seriousness, the Indonesian government is trying to deal with the challenges by mounting the 
competence of pre-service teachers. One of the methods used to improve teacher competence is conducting a preliminary 
study to determine the competence of pre-service teachers by providing appropriate evaluations. The evaluation of the 
pre-service teachers covers all subjects, however, the present study focused on science subjects. Therefore, in this study, 
the development of an instrument for evaluating the competence of pre-service science teachers, especially in the 
professional and pedagogical competencies, was carried out in coping with the industrial revolution 4.0. The present 
study aimed to reveal the reliability and empirical validity of the developed instrument for pre-service science teachers’ 
competence evaluation.  

Literature Review 

Teacher Competencies in the Industrial Revolution 4.0 

The Industrial Revolution was first introduced in the 1780s with the development of the steam engine that made the 
industrial world more productive (Xu et al., 2018). In the 1800s, there was a second industrial revolution indicated by 
the development of electrical energy and mass production. The third industrial revolution occurred around the 1900s 
with the development of information and communication technology devices and the term globalization began to emerge. 
The development of information and communication technology in the era of the industrial revolution 3.0 made 
production more efficient. In the early 2000s, the industrial revolution 4.0 was introduced and there was a combination 
of several technologies and knowledge. Klaus Schwab at the World Economic Forum 2016 stated that the industrial 
revolution 4.0 was a new technology that became a combination of the real, digital, and biological worlds, which had an 
impact on all disciplines, economic aspects, and industrial fields (Kopotun et al., 2020). He added that even in the era of 
the industrial revolution 4.0, it was also specified by ideas that challenged humans. 

In industrial revolution 4.0, there is a massive and exponential increase in the use of technology. Digitization occurs in 
all aspects of life and so does computerization (Gleason, 2018). Industrial revolution 4.0 involves technological and 
multidisciplinary convergence that is different from the past. This difference has a multi-systemic impact where new 
technologies will give rise to thoughts regarding how the technology should be used and its benefits for human welfare 
(Philbeck, 2017). 

The industrial revolution 4.0 process will control and shape all social groups including young people, adults, and workers 
around the world. One of the impacts is that there is no limitation of space and time to work. In the field of education, the 
industrial revolution 4.0 also conveys a significant impact. Educational institutions must be able to equip their students 
with the skills required by the industrial revolution 4.0 such as interdisciplinary creativity, critical thinking, and problem-
solving skills. Pre-service teachers who will later become educators also need to have these competencies. The 
competencies that teachers need to have in the era of the industrial revolution 4.0 include (Wahyuni, 2018) educational 
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competence, technology commercialization competence, globalization competence, competence to analyze future 
strategies, and counselor competence.  

Evaluation Instrument Development  

Evaluation is a process carried out to find out and measure something using certain measuring instruments (Muryadi, 
2017). Something measured can be in the form of whether cognitive, psychomotor, or social skills. Valid measurements 
are used to assess what you want to assess and have been standardized as evidenced by the appropriate validity and 
reliability test (Arifin, 2009). The measuring instrument can be a test or a non-test instrument. Measuring students’ 
abilities can use a specially designed test according to the grid that has been determined. 

One of the test instruments commonly used is the multiple-choice test. Among many types of tests, multiple-choice tests 
remain a good option to measure cognitive skills and knowledge, and their use is effective and efficient (Haladyna et al., 
2019). Multiple-choice tests can be used for a large number of respondents and the items developed are also flexible 
(Türkoguz, 2020). The multiple-choice test consists of one question with several answer options, among the answer 
options there is the most correct answer and the others are distractors. The process of developing multiple-choice tests 
can be carried out in the following steps: 1) planning; 2) carrying out trials; 3) conducting validation of test instruments; 
4) measuring the reliability of the test; and, 5) undertaking data analysis (Wartoni & Benyamin, 2020). The planning 
stage consists of determining the purpose of the test, determining the form of the test, developing a test grid, compiling 
test items, and making revisions. 

Multiple-choice tests that have been developed must be analyzed for quality. The developed test is expected to produce 
objective and accurate conclusions. Tests that are not of good quality will result in misinterpretations and might affect 
subsequent policies (Arifin, 2009). Analysis of the test was carried out as an aggregate and as for each item. The most 
basic test analysis includes validity and reliability. A validity test is measuring whether the developed test can measure 
what should be measured or not and a reliability test is the consistency of the tests carried out by respondents (Fraenkel 
et al., 2012). Validity includes content validity that covers instrument format, criteria validity, and constructs validity. 

Item analysis can be conducted using the classical method or Rasch modeling. Analysis of items based on classical theory 
consists of reliability tests using the Cronbach-Alpha test, discriminating power of questions, level of difficulty, and 
distracting analysis using certain formulas (Arifin, 2009). The item analysis with Rasch modeling uses dichotomous data 
that can interpret the items and respondents’ abilities in detail (Nuryanti et al., 2018). The dichotomy data are processed 
using special software called Winsteps. The data obtained from the software is in the form of logarithmic values 
presented in the form of tables and scales. The analysis of the Rasch model using Winsteps application includes an item 
measure that shows the level of difficulty of each item and its reliability; misfit items that indicate whether the items fit 
the Rasch model; Wright's map showing the relationship between each item and the respondents; and Pearson measure 
that shows the ability of each respondent. 

Methodology 

This study was conducted using two phases namely pre-study and main study. The pre-study covered generating an 
initial draft of the instrument, while the main study focused on revealing the reliability and empirical validity test. In 
coping with the pre-study phase, there were 90 questions developed of each pedagogic and professional competency. 
The 90 questions were drawn based on the predetermined grids namely science content which includes the form of 
matter and the form of objects, solutions, acids and bases, energy, organization of living things, food chains, 
environmental changes, biogeochemical cycles, the motion of revolution and rotation of the earth and moon, structure 
and function of plant tissue, blood tissue, simple planes, digestive system and additives, respiratory system, locomotion 
system, excretory system, biotechnology, reproductive system, development and growth, cell reproduction, genetic 
substance and heredity, and adaptation of creatures life. All the grids were integrated into ten components of the 
industrial revolution 4.0 namely critical thinking, cognitive ability, complex problem solving, creativity, judgment and 
decision making, people management, coordinating with others, emotional intelligence, service orientation, and 
negotiation. The questions were in the form of multiple-choice with five answer choices. The initial instrument draft was 
then assessed by science experts to look at the composition of the questions. The experts argued that the number of the 
questions was too many so they suggested being reduced to 30 questions for each pedagogic and professional 
competence.  

The instrument was then revised to cope with the experts’ suggestions. The revised draft included 30 questions 
representing ten components of industrial revolution 4.0 for each competence of pedagogy and professionalism. Table 1 
shows the blueprint of the revised draft.   
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Table 1. Blueprint of the Revised Instrument 

Competence Components of Industrial Revolution 4.0 Item Number 
Pedagogy Complex problem-solving  

Critical thinking 
Creativity 
People management 
Coordinating with others 
Emotional intelligence 
Judgment and decision making 
Service orientation 
Negotiation 
Cognitive flexibility 

1-3 
4-6 
7-9 

10-12 
13-15 
16-18 
19-21 
22-24 
25-27 
28-30 

Professionalism  Complex problem-solving  
Critical thinking 
Creativity 
People management 
Coordinating with others 
Emotional intelligence 
Judgment and decision making 
Service orientation 
Negotiation 
Cognitive flexibility 

31-33 
34-36 
37-39 
40-42 
43-45 
46-47 
48-51 
52-54 
55-57 
58-60 

There were 60 questions (30 questions for pedagogy competence and 30 questions for professional competence) that 
represent ten components of industrial revolution 4.0 in science tested on 60 students of Science Education at two State 
universities in Indonesia. The 60 respondents had fulfilled the criteria of the statistical test (Pallant, 2020) and, therefore, 
the study could be undertaken. Moreover, the respondents were limited to several research participant criteria namely 
pursuing the sixth semester of the study times and having been enrolled in Innovative Learning, Learning Theory, 
Learning Media Development, and Assessment Courses. The respondents had no scores below the average in those four 
initial courses. The four courses were necessary for providing the contents of the evaluation sheet that covered magnetic 
and electricity, solutions, school science analysis, and environments. Respondents’ answers were empirically validated, 
the reliability value of the questions was calculated, and each item was analyzed using the Rasch Model using the 
Winsteps application. The item analysis included Wright’s map (Logic scale), item measure order, item misfit order, and 
distractor analysis. 

The resulted scores of the reliability test could be categorized using the following description (see Table 2). 

Table 2. Categorization of Reliability Scores 

Scores Category 
< .67 Low 

.67 – .80 Fair 

.81 – .90 Good 

.91 – .94 Very Good 
>.94 Excellent 

Wright’s map analysis showed two things, namely the difficulty of the questions and the ability of the respondents. The 
higher the position of the item, the higher the difficulty level, the lower the position of the item, the easier the question. 
Likewise, the higher the position of the respondent, the higher the ability or the higher the score obtained. Item measure 
analysis was used to see the difficulty of the questions. The classification of the difficulty level of the question could be 
seen from the comparison of the measured value with the Standard Deviation (SD). 

Findings / Results 

The study suggested that 30 questions developed had been declared valid based on theoretical validation by three science 
education experts. The following were examples of professional and pedagogic questions that were tested for pre-service 
science teachers. 
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Figure 1. One of the Questions about the Professional Competence 

 

 

 

 

 

 

 

 

Figure 2. One of the Questions about the Pedagogic Competence Professional Competence 

In connection with Table 3, the reliability of the respondents and the items showed the reliability value of the items of 
.95, which was classified as excellent. This meant that the questions developed were very consistent in measuring 
students’ abilities. Moreover, it was also known that the value of the separation item was 4.48, which was classified as 
very good, meaning that students were varied enough to be able to detect the items given. 

Table 3. Summary of Item Measure  

 Total Score Count Measure Model Error 
Infit Outfit 

MNSQ ZSTD MNSQ ZSTD 
Mean 31.5 60.0 .00 .37 .99 .1 1.03 .1 
SD 18.4 .0 1.82 .11 .09 .6 .40 1.0 
Max. 57.0 60.0 3.73 .72 1.16 1.9 2.38 2.2 
Min. 2.0 60.0 -2.97 .27 .77 -.8 .33 -1.5 
Real RMSE      .40 True SD    1.78 Separation    4.48 Item Reliability .95 
Model RMSE  .39 True SD    1.78 Separation    4.48 Item Reliability .95 
S.E. of Item Mean = .34 

Figure 3 shows an image of Wright's map that compared respondents with items. Person was the respondent who was 
working on the question, and the item was the question item. The higher the position of the item, the higher the level of 
difficulty, which was question 18. Meanwhile, the lower the position of the item, the easier the question, namely questions 
11 and 21. The measured value of each item could be observed in the item measure table (see Figure 3). 

 

 

 

 

Look at the following picture! 

 
Based on the picture above, the right way to maintain the sustainability of the nitrogen cycle is... 
A. maintaining animal population as high as possible to supply organic nitrogen 
B. maintaining plant population as high as possible to supply inorganic nitrogen 
C. maintaining a high population of soil microorganisms that play a role in nitrification 
D. maintaining a high population of soil microorganisms that play a role in denitrification 
E. maintaining the balance of the population of nitrifying and denitrifying bacteria 

Students in class A quickly get bored when the teacher explains the material in class. Not a few of 
them ask permission to go to the bathroom and return to class after a long time and some are truant. 
Mrs. Della as a science teacher designed a study on pollution material that aims to enable students to 
analyze the occurrence of pollution and its impact on the environment. Knowing the character of the 
students in class A, the appropriate learning activity for Mrs. Della is… 
A. providing projects related to pollution in the surrounding environment 
B. observing pictures of environmental pollution 
C. watching video shows about the pollution that occurs 
D. conducting discussions and ask questions to reduce the impact of pollution 
E. providing pollution articles for analysis and resume 
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Figure 3. Wright’s Map Points to Professional Competence  

In the following Table 4, it can be seen the level of difficulty of the questions. The most difficult question was number 18 
with a measured value of 3.73 and could only be answered correctly by 2 out of 60 respondents. While the easiest 
questions were questions 11 and 21, which could be answered correctly by 57 out of 60 people. 

Table 4. Items of Professional Competence 

Entry 
Number 

Total 
Score 

Total 
Count 

Measure 
Model 

Se 
Infit Outfit Pt-Measure Exact Match 

Item 
Mnsq Zstd Mnsq Zstd Corr. Exp Obs% Exp% 

18 2 60 3.73 .72 1.02 .3 1.02 .3 .05 .10 96.7 96.7 18 
30 5 60 2.74 .47 1.08 .3 2.38 2.2 -.15 .15 91.7 91.6 30 
10 6 60 2.53 .44 1.15 .6 2.05 2.0 -.24 .17 90.0 90.0 10 
28 8 60 2.20 .39 1.03 .2 1.62 1.6 .06 .19 86.7 86.6 28 
12 10 60 1.92 .35 .93 -.2 .83 -.5 .33 .21 83.3 83.3 12 
1 13 60 1.58 .32 .98 .0 .87 -.5 .29 .23 76.7 78.4 1 

14 13 60 1.58 .32 1.10 .6 1.29 1.2 .04 .23 76.7 78.4 14 
22 14 60 1.48 .31 .97 -.1 1.21 .9 .23 .24 78.3 76.8 22 
20 16 60 1.29 .30 .99 .0 1.01 .1 .26 .25 71.7 73.6 20 
2 18 60 1.11 .29 1.05 .4 1.06 .4 .19 .26 66.7 70.5 2 
9 18 60 1.11 .29 1.09 .8 1.12 .7 .12 .26 73.3 70.5 9 

15 19 60 1.03 .29 .91 -.8 .85 -1.0 .41 .27 68.3 69.1 15 
5 23 60 .71 .28 1.07 .9 1.09 .7 .17 .28 63.3 64.3 5 
6 27 60 .41 .27 .95 -.7 .95 -.5 .37 .30 71.7 62.5 6 

13 29 60 .26 .27 1.08 1.0 1.07 .8 .19 .30 55.0 62.2 13 
16 33 60 -.03 .27 1.16 1.9 1.15 1.6 .08 .31 53.3 63.8 16 
25 35 60 -.18 .28 1.10 1.1 1.14 1.3 .15 .31 63.3 65.2 25 
17 43 60 -.83 .30 .96 -.3 .87 -.7 .38 .29 70.0 73.1 17 
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Table 4. Continued 

Entry 
Number 

Total 
Score 

Total 
Count 

Measure 
Model 

Se 
Infit Outfit 

Pt-
Measure 

Exact Match 
Item 

Mnsq Zstd Mnsq Zstd Corr. Exp Obs% Exp% 
26 44 60 -.92 .31 .88 -.8 .83 -.9 .47 .29 76.7 74.4 26 
29 44 60 -.92 .31 .92 -.5 .83 -.9 .43 .29 73.3 74.4 29 
24 46 60 -1.11 .32 .93 -.4 .92 -.3 .38 .28 76.7 77.1 24 
19 48 60 -1.33 .34 .98 .0 .92 -.2 .32 .27 78.3 80.2 19 
27 50 60 -1.57 .36 .99 .0 .87 -.4 .30 .26 85.0 83.3 27 
8 51 60 -1.70 .37 .90 -.3 .75 -.7 .42 .25 85.0 84.9 8 
3 52 60 -1.85 .39 1.01 .1 1.03 .2 .22 .24 86.7 86.6 3 
7 53 60 -2.01 .41 .83 -.5 .63 -1.0 .49 .23 88.3 88.3 7 
4 56 60 -2.65 .53 .77 -.4 .33 1.5 .59 .18 93.3 93.3 4 

23 56 60 -2.65 .53 .96 .1 .97 .1 .21 .18 93.3 93.3 23 
11 57 60 -2.97 .60 .99 .2 .86 .0 .19 .16 95.0 95.0 11 
21 57 60 -2.97 .60 .86 .1 .42 .9 .44 .16 95.0 95.0 21 

MEAN 31.5 60.0 .00 .37 .99 .1 1.03 .1   78.8 79.4  
SD 18.4 .0 1.82 .11 .09 .6 .40 1.0 11.7 10.518 

Each item was also analyzed for its suitability with the Rasch model, namely by looking at the table of misfit items (see 
Table 5). An item was said to fit the Rasch model if: The outfit mean square (MNSQ) value was less than 1.5 and more 
than .5; standard outfit value-Z (ZSTD) -2.0 < ZSTD < +2.0; and the value of point measure correlation (Pt Measure Cor.) 
.4 < Pt Measure Cor. < .85. If one item was found where the MNSQ and Pt Measure Cor. values did not meet the criteria 
but the ZSTD value met the criteria, the item was still considered fit, meaning that the item was maintained. 

In accordance with Figure 5, question 30 was not fit because the MNSQ value was more than 1.5 and the ZSTD value was 
more than 2. Question 10 was fit because the ZSTD value was equal to 2 even though the MNSQ value was more than 1.5. 
Question 28 fitted because the ZSTD value was less than 2 even though the MNSQ value was more than 1.5. Questions 10 
and 28 could be corrected to get an MNSQ score that was less than 1.5. In addition, it was also known that the point-
measure correlation (PT-MEASURE CORR) value showed the differentiating power of the items. It could be seen that the 
PT-MEASURE CORR score was mostly still below .4 and there were only 7 items that got a score above .4. This showed 
that the discriminatory power of the questions was not good. Items could be maintained if the ZSTD score met the 
requirements, even though the MNSQ and PT-MEASURE CORR scores did not meet the requirements. Overall, of the 30 
items, there were 7 questions that met the three fit item criteria and were said to be invalid. The question could be 
replaced or not included in the next test. There were 20 questions that met the MNSQ and ZSTD criteria but did not meet 
the PT-MEASURE CORR criteria so the 20 questions could be defended. 

Table 5. Misfit Items of Professional Competence 

Entry 
Number 

Total 
Score 

Total 
Count 

Measure 
Model 

Se 
Infit Outfit Pt-Measure Exact Match 

Item 
Mnsq Zstd Mnsq Zstd Corr. Exp Obs% Exp% 

30 5 60 2.74 .47 1.08 .3 2.38 2.2 A-.15 .15 91.7 91.6 30 
10 6 60 2.53 .44 1.05 .6 2.5 2.0 B-.24 .15 90.0 90.0 10 
28 8 60 2.20 .39 1.03 .2 1.62 1.6 C .06 .19 86.7 86.6 28 
14 13 60 1.58 .32 1.10 .6 1.29 1.2 D .04 .23 86.7 78.4 14 
22 14 60 1.48 .31 .97 -.1 1.21 .9 E .23 .24 83.3 76.8 22 
16 33 60 -.03 .27 1.16 1.9 1.15 1.6 F .08 .31 76.7 63.8 16 
25 35 60 -.18 .28 1.10 1.1 1.14 1.3 G .15 .31 76.7 65.2 25 
9 18 60 1.11 .29 1.09 .8 1.12 .7 H .12 .26 78.3 70.5 9 
5 23 60 .71 .28 1.07 .9 1.09 .7 I .17 .26 71.7 83.3 5 

13 29 60 .26 .27 1.08 1.0 1.07 .8 J .19 .30 66.7 78.4 13 
2 18 60 1.11 .29 1.05 .4 1.06 .4 K .19 .26 73.3 78.4 2 
3 52 60 -1.85 .39 1.01 .1 1.03 .2 L .22 .24 68.3 76.8 3 

18 2 60 3.73 .72 1.02 .3 1.02 .3 M .05 .10 63.3 73.6 18 
20 16 60 1.29 .30 .99 .0 1.01 .1 N .26 .25 71.7 70.5 20 
11 57 60 -2.97 .60 .99 .2 .86 .0 O .19 .16 55.0 70.5 11 
27 50 60 -1.57 .36 .99 .0 .87 -.4 O .30 .26 53.3 69.1 27 
1 13 60 1.58 .32 .98 .0 .87 -.5 N .29 .23 63.3 64.3 1 

19 48 60 -1.33 .34 .96 .0 .92 -.2 M .32 .27 70.0 62.5 19 
23 56 60 -2.65 .53 .96 .1 .97 .1 L .21 .18 76.7 76.9 23 
17 43 60 -.83 .30 .95 -.3 .87 -.7 K .38 .29 73.3 74.3 17 
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Table 5. Continued 

Entry 
Number 

Total 
Score 

Total 
Count 

Measure 
Model 

Se 
Infit Outfit Pt-Measure Exact Match 

Item 
Mnsq Zstd Mnsq Zstd Corr. Exp Obs% Exp% 

6 27 60 .41 .27 .93 -.7 .95 -.5 J .37 .30 76.7 76.6 6 
24 46 60 -1.11 .32 .93 -.4 .92 -.3 I .38 .28 78.3 78.9 24 
12 10 60 1.92 .35 .92 -.2 .91 -.5 H .33 .21 85.0 84.6 12 
29 44 60 1.03 .31 .91 -.5 .90 -.9 G .43 .29 85.0 85.0 29 
15 19 60 -1.70 .29 .88 -.8 .88 -1.0 F .41 .27 68.3 68.3 15 
8 51 60 -.92 .37 .86 -.3 .86 -.7 E .42 .25 88.3 84.9 8 

26 44 60 -2.97 .31 .86 -.8 .85 -.9 D .47 .29 93.3 74.4 26 
21 57 60 -2.97 .60 .84 -.1 .75 -.9 C .44 .16 93.3 95.0 21 
7 53 60 -2.01 .41 .83 -.5 -83 -1.0 B .49 .23 88.3 88.3 7 
4 56 60 -2.65 .53 .77 -.4 .33 -1.5 A .59 .18 93.3 93.3 4 

MEAN 31.5 60.0 .00 .37 .99 .1 1.03 .1   78.8 79.4  
SD 18.4 .0 1.82 .11 .09 .6 .40 1.0 11.7 10.5 

In developing questions, one thing to be considered was the distractor in the answer options. The distractor analysis 
could be seen from the average ability value (see Table 6). If the trend was up for each answer option, the distractor 
worked well. Questions 18, 30, and 10 showed an inconsistent order of average ability values, which meant the distractor 
option did not work well. In Table 4, it could be seen that option E in question 30 was at the top with an average ability 
value of -.13, and option D was at the bottom with an average ability value of -.14, so the distractor on this question was 
not good. The minus value on average ability indicated that there were respondents who had low abilities who could 
answer the correct answer so it could be said that the respondent only guessed correctly. Questions whose distractors 
worked well might cover questions 12 and 1. In question 12, it was known that option E was in first place with an average 
ability value of -.03, and option B was the correct answer at the bottom with an average ability value of .67 so the trend 
of the average ability value increased, then the distractor worked well. 

Table 6. Distribution of Distractors for Each Item 

Entry 
Number 

Data 
Code 

Score 
Value 

Data Average 
Ability 

S.E. 
Mean 

Outfit PTMEA Item 
Count % MNSQ Corr. 

18 C 
A 
E 
B 
D 

0 
0 
0 
0 
1 

14 
19 
13 
12 
2 

23 
32 
22 
20 
3 

-.08 
.16 
.20 
.45 
.35* 

.16 

.15 

.21 

.21 

.11 

.8 
1.0 
1.1 
1.3 
1.0 

-.21 
-.02 
.02 
.21 
.05 

18 

30 E 
A 
D 
C 
B 

0 
0 
0 
0 
1 

12 
10 
10 
23 
5 

20 
17 
17 
38 
8 

-.13 
.01 
.17 
.49 

-.14* 

.23 

.19 

.18 

.10 

.46 

.9 

.9 
1.0 
1.3 
2.5 

-.23 
-.12 
-.01 
.37 
-.15 

30 

10 B 
A 
C 
E 
D 

0 
0 
0 
0 
1 

2 
4 
9 

39 
6 

3 
7 

15 
65 
10 

-.71 
-.22 
.00 
.38 
-.30 

.94 

.39 

.25 

.09 

.23 

.5 

.7 

.9 
1.2 
2.2 

-.25 
-.16 
-.11 
.41 
-.24 

10 

28 E 
D 
C 

0 
0 
1 

2 
50 
8 

3 
83 
13 

-.33 
.18 
.28 

.34 

.09 

.34 

.5 
1.0 
1.7 

-.14 
.01 
.06 

28 

12 E 
A 
C 
B 

0 
0 
0 
1 

7 
42 
1 

10 

12 
70 
2 

17 

-.03 
.10 
.23 
.67 

.26 

.10 
 

.17 

.9 
1.0 
.9 
.8 

-.11 
-.19 
.01 
.33 

12 

1 E 
B 
C 
A 
D 

0 
0 
0 
0 
1 

6 
21 
12 
8 

13 

10 
35 
20 
13 
22 

-.12 
-.07 
.29 
.29 
.55 

.50 

.14 

.17 

.17 

.10 

1.2 
.8 

1.1 
1.1 
.8 

-.15 
-.28 
.08 
.07 
.29 

1 

The ability of each respondent to answer questions could be analyzed from the following dichotomous curve (see Figure 
4). Based on this curve, it could be seen that respondents who had a low level of person item measure, then the probability 
of obtaining a score of 0 was higher. In contrast, respondents who had a higher level of person item measure tended to 
get a score of 1. 
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Figure 4. Dichotomous Curve 

Pedagogy Competence 

The results of the item analysis on the pedagogic competence showed that the reliability value of the items was .93, which 
was classified as very good (see Table 7). The high value of item reliability indicated that the questions developed were 
very consistent in measuring the ability of test participants. 

Table 7. Summary of Measured Items 

 Total Score Count Measure Model Error Infit Outfit 
MNSQ ZSTD MNSQ ZSTD 

Mean 27.1 60.0 .00 .34 1.00 .0 1.11 .0 
SD 13.4 .0 1.41 .15 .13 1.1 .53 1.2 
Max. 56.0 60.0 4.01 1.02 1.34 2.7 3.04 2.4 
Min. 1.0 60.0 -3.24 .28 .28 -2.1 .60 -1.9 
Real RMSE.    .38     True SD.    1.36     Separation.    3.58      Reliability     .93 
Model RMSE .37     True SD.    1.36     Separation     3.66      Reliability     .93 
SE of Item Mean = .26 
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Figure 5. Wright’s Map of Pedagogic Competence 

Figure 5 refers to Wright's map that compared the respondents with the pedagogic competence of the questions. Based 
on the Wright map above, the most difficult question was question 20. Meanwhile, the lower the position of the item, the 
easier the question, such as question 3. Questions 20, 10, 30, and 22 could not be answered correctly by the respondent 
who had the highest score (i.e., respondent 01). The measured value of each item could be observed in the item measure 
table (see Figure 9). 

Table 8. Measured Items of Pedagogic Competence 

Entry 
Number 

Total 
Score 

Total 
Count 

Measure 
Model 

Se 
Infit Outfit Pt-Measure Exact Match 

Item 
Mnsq Zstd Mnsq Zstd Corr. Exp Obs% Exp% 

20 1 60 4.01 1.02 1.04 .4 2.90 1.4 -.13 .08 98.3 98.3 20 
10 3 60 2.86 .60 1.07 .3 3.04 2.1 -.12 .14 95.0 95.0 10 
30 7 60 1.91 .41 1.00 .1 .87 -.2 .22 .21 88.3 88.3 30 
22 9 60 1.60 .37 1.02 .2 .95 .0 .22 .23 85.0 85.0 22 
11 12 60 1.23 .34 .86 -.7 .74 -.9 .45 .26 80.0 80.0 11 
8 18 60 .64 .30 .87 -1.0 .76 -1.3 .48 .31 75.0 70.6 8 

18 18 60 .64 .30 1.14 1.2 1.28 1.4 .10 .31 71.7 70.6 18 
24 18 60 .64 .30 .95 -.4 .88 -.6 .38 .31 68.3 70.6 24 
14 19 60 .55 .29 .90 -.9 .77 -1.3 .47 .31 66.7 69.5 14 
15 21 60 .38 .29 .95 -.4 .91 -.5 .39 .32 66.7 67.4 15 
19 21 60 .38 .29 .99 -.1 .98 -.1 .34 .33 70.0 67.4 19 
7 22 60 .30 .28 1.06 .6 1.11 -.8 .25 .33 65.0 66.5  7 
2 24 60 .14 .28 .95 -.5 .92 -.6 .41 .33 70.0 65.7 2 

26 25 60 .07 .28 1.08 .8 1.05 .5 .26 .34 56.7 65.4 26 
1 26 60 -.01 .28 .96 -.5 .91 -.7 .41 .34 65.0 65.1 1 
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Table 8. Continued 

Entry 
Number 

Total 
Score 

Total 
Count 

Measure 
Model 

Se 
Infit Outfit Pt-Measure Exact Match 

Item 
Mnsq Zstd Mnsq Zstd Corr. Exp Obs% Exp% 

9 27 60 -.09 .28 .98 -.2 .96 -.3 .38 .35 61.7 65.0 9 
28 30 60 -.32 .28 .84 -1.8 .81 -1.9 .55 .36 78.3 65.4 28 
6 31 60 -.39 .28 1.00 .0 1.03 .3 .35 .36 66.7 65.7 6 

16 31 60 -.39 .28 1.07 .8 1.08 .8 .27 .36 60.0 65.7 16 
21 32 60 -.47 .28 .97 -.3 .96 -.4 .40 .36 70.0 66.2 21 
29 32 60 -.47 .28 .88 -1.3 .85 -2.4 .51 .36 70.0 66,2 29 
17 34 60 -.63 .29 .81 -2.0 .81 -1.8 .58 .36 78.3 67.2 17 
27 36 60 -.78 .29 .78 -2.1 .78 -1.9 .61 .36 81.7 68.3 27 
25 38 60 -.95 .29 1.34 2.7 1.36 2.4 -.04 .35 51.7 69.6 25 
4 39 60 -1.03 .29 1.19 1.6 1.26 1.7 .11 .34 61.7 70.2 4 
5 40 60 -1.11 .32 1.22 1.7 1.22 1.4 .10 .32 56.7  70.8 5 

23 46 60 -1.90 .34 1.19 1.1 1.32 1.3 .07 .31 78.3 77.0 23 
12 48 60 -1.90 .34 .95 -.2 .86 -.4 .38 .31 81.7 80.2 12 
13 48 60 -1.90 .34 1.06 .4 1.20 .8 .21 .31 81.7 80.2 13 
3 58 60 -3.24 .53 .93 .0 .60 -.6 .33 .20 93.3 93.3 3 

MEAN 27.1 60.0 .00 .34 1.11 .0 1.11 .0   73.1 73.2  
SD 13.4 .0 1.41 .15 .53 1.1 .53 1.2 11.6 9.7 

Table 8 shows the measured values for each pedagogical competence of the question which was the level of difficulty of 
the questions. The question grouping category was based on the logit value of each item compared to the Standard 
Deviation (SD) value. The SD value in the calculation was 1.41. Question 20 was the most difficult question on this test 
with a logit value of 4.01, which was much greater than the SD score and was proven by the score obtained of 1, which 
meant that the question was only answered correctly by one respondent from the total number of respondents. Questions 
10, 30, and 22 were difficult questions because the measured value was less than SD and had a positive value. 

Table 9. Misfit Items of Pedagogic Questions 

Entry 
Number 

Total 
Score 

Total 
Count 

Measure 
Model 

Se 
Infit Outfit Pt-Measure Exact Match 

Item 
Mnsq Zstd Mnsq Zstd Corr. Exp Obs% Exp% 

10 3 60 2.86 .60 1.07 .3 3.04 2.1 A-.12 .14 95.0 95.0 10 
20 1 60 4.01 1.02 1.04 .4 2.90 1.4 B-.13 .08 98.3 98.3 20 
25 38 60 -.95 .29 1.34 2.7 1.36 2.4 C-.04 .36 51.7 69.6 25 
23 46 60 -1.68 .32 1.19 1.1 1.32 1.3 D .07 .32 78.3 77.0 23 
18 18 60 .64 .30 1.14 1.2 1.28 1.4 E .10 .31 71.7 70.0 18 
4 39 60 -1.03 .29 1.19 1.6 1.26 1.7 F .11 .35 61.7 70.2 4 
5 40 60 -1.11 .29 1.22 1.7 1.22 1.4 G .10 .35 56.7 70.8 5 

13 48 60 -1.90 .34 1.06 .4 1.20 .8 H .21 .31 81.7 80.2 13 
7 22 60 .30 .28 1.06 .6 1.11 .8 I .25 .33 65.0 66.5 7 

16 31 60 -.39 .28 1.07 .8 1.08 .8 J .27 .36 60.0 65.7 16 
26 25 60 .07 .28 1.08 .8 1.05 .5 K .26 .34 56.7 65.4 26 
6 31 60 -.39 .28 1.00 .0 1.03 .3 L .35 .36 66.7 65.7 6 

22 9 60 1.60 .37 1.02 .2 .95 .0 M .22 .23 85.0 85.0 22 
30 7 60 1.91 .41 1.00 .1 .87 -.2 N .22 .23 88.3 88.0 30 
19 21 60 .38 .29 .99 -.1 .98 -.1 O .34 .33 70.0 67.4 19 
9 27 60 .09 .28 .98 -.2 .96 -.3 O .38 .35 61.7 65.0 9 

21 32 60 -.47 .28 .97 -.3 .96 -.5 N .40 .31 70.0 66.2 21 
1 26 60 -.01 .28 .96 -.5 .96 -.2 M .41 .33 65.0 65.1 1 

12 48 60 -1.90 .28 .95 -.2 .91 -.7 L .38 .31 81.7 80.2 12 
2 24 60 .14 .28 .95 -.5 .86 -.4 K .41 .33 70.0 65.7 2 

24 18 60 .64 .30 .95 -.4 .92 -.6 J .38 .20 68.0 70.6 24 
15 21 60 .38 .53 .95 -.4 .88 -.6 I .39 .32 66.7 67.4 15 
3 56 60 -3.24 .29 .93 .0 .91 -.5 H .33 .36 93.3 93.3 3 

14 19 60 .55 .53 .90 -.9 .60 -.6 G .47 .31 66.7 69.5 14 
29 32 60 -.47 .29 .88 -1.3 .77 -1.3 F .51 .26 70.0 66.2 29 
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Table 9. Continued 

Entry 
Number 

Total 
Score 

Total 
Count 

Measure 
Model 

Se 
Infit Outfit Pt-Measure Exact Match 

Item 
Mnsq Zstd Mnsq Zstd Corr. Exp Obs% Exp% 

8 18 60 .64 .28 .87 -1.0 .85 -1.4 E .48 .36 75.0 70.6 8 
11 12 60 1.23 .30 .86 -.7 .76 -1.3 D .45 .36 80.0 80.0 11 
28 30 60 -.32 .34 .84 -1.8 .74 -.9 C .55 .36 78.3 65.4 28 
17 34 60 -.63 .28 .81 -2.0 .81 -1.9 B .58 .36 78.3 67.2 17 
27 36 60 -.78 .28 .78 -2.1 .78 -1.9 A .61 .36 81.7 68.3 27 

MEAN 27.1 60.0 .00 .34 1.00 .0 1.11 .0   73.1 73.2  
SD 13.4 .0 1.41 1.41 .13 1.1 .53 1.2 11.6 9.7 

Table 9 was a table of items fit order that showed the suitability of the items with the Rasch model. Table 8 could be used 
as an indicator of whether an item needed to be re-evaluated or not. The item fit analysis was done by looking at the 
mean square (MNSQ) outfit value, the Z-standard outfit value, and the point measure correlation (PT-Measure Cor.) value. 
Based on the table above, question 10 got an MNSQ outfit value of more than 1.5 and a ZSTD value of more than 2 so the 
question could be said to be unfit with the Rasch model. Question 10 could be revised or not included in the next test. 
Question 20 got an MNSQ outfit score greater than 1.5 but the ZSTD score still met the standard, because the question 
could still be maintained with a few revisions. Question 25 got an MNSQ outfit score of less than 1.5 but the ZSTD outfit 
score did not meet the standard, therefore the question was said to be unfit. 

The distractor analysis could be seen from the average ability value (see Table 10). If the trend increased in each answer 
option, the distractor worked well. Questions 10, 20, 25, and 23 showed an inconsistent order of average ability values, 
which meant the distractor option did not work well. In Figure 10, it could be seen that option A in question 10 was at 
the top with an average ability value of -.60, and option C which became the correct answer was at the bottom with an 
average ability value of -.73. This indicated a declining trend and the distractor on the matter was not good. The minus 
value on average ability indicated that there were respondents who had low abilities who could answer the correct 
answer so it could be said that the respondent only guessed correctly. Question 22 was the example of whose distractors 
worked well. In question 22, it was known that option A was in first place with an average ability value of -.95, and option 
C which became the correct answer was at the bottom with an average ability value of .08 so the trend of the average 
ability value increased, then the distractors were considered working well. 

Table 10. The Distribution of Distractors for Each Item on the Pedagogic Competence 

Entry 
Number 

Data 
Code 

Score 
Value 

Data Average 
Ability 

S.E. 
Mean 

Outfit PTMEA Item 
Count % MNSQ Corr. 

10 A A 
D 
E 
C 

0 
0 
0 
1 

6 
50 
1 
3 

10 
83 
2 
5 

-.60 
-.29 
.48 

-.73* 

.31 

.11 
 

.68 

.8 
1.1 
1.8 
3.1 

-.11 
.11 
.13 
-.12 

10 

20 B E 
B 
D 
A 
C 

0 
0 
0 
0 
1 

33 
6 

18 
2 
1 

55 
10 
30 
3 
2 

-.52 
-.23 
-.06 
.48 

-1.14* 

.14 

.23 

.17 

.18 

.9 
1.0 
1.2 
1.8 
2.9 

-.27 
.04 
.22 
.19 
-.13 

20 

25 C D 
E 
C 

0 
0 
1 

1 
21 
38 

2 
35 
63 

-1.58 
-.23 
-.35* 

 
.13 
.14 

.3 
1.4 
1.4 

-.21 
.09 
-.04 

25 

23 D C 
B 
E 
A 

0 
0 
0 
1 

1 
6 
7 

46 

2 
10 
12 
77 

-1.14 
-.77 
-.05 
-.30* 

 
.41 
.20 
.12 

.5 
1.1 
1.7 
1.1 

-.13 
-.19 
.13 
.07 

23 

22 M A 
E 
B 
C 

0 
0 
0 
1 

2 
42 
7 
9 

3 
70 
12 
15 

-.95 
-.42 
-.19 
.08 

.19 

.13 

.27 

.18 

.4 
1.0 
1.1 
.9 

-.15 
-.16 
.07 
.22 

22 
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Figure 11. Dichotomous Curve 

Based on Figure 11, the dichotomous curve explained the probability of the respondent’s score revealed from the person 
item measure. Respondents who had a low person item measure were likely to get a higher score of 0. Meanwhile, 
respondents who had a high person item measure tended to get a score of 1. 

Discussion 

The development of teacher competency evaluation is one of the processes that need to be carried out to determine the 
readiness of teachers or pre-service teachers to face the learning process. Based on PP No. 74 of 2008, there are four 
teacher competencies, namely pedagogic, professional, social, and personality competencies. Professional competence is 
the ability of teachers to master learning materials in depth both theoretically and practically. Professional competence 
is the first aspect that a teacher must possess because it reflects how responsible the teacher deals with his works 
(Yurdakul, 2011). Pedagogic competence is the ability of teachers to convey their knowledge to students in accordance 
with learning theories and the development of science and technology. A teacher with good pedagogic competence will 
be able to teach the values of a life well. The progress of science and technology has now reached the era of the industrial 
revolution 4.0 so that every individual, including teachers, should be able to have competencies in accordance with the 
industrial revolution 4.0 in collaboration with the basic competencies of teachers. Pre-service teachers are also expected 
to have these competencies when developing the learning process in their near future careers. In this study, science 
teachers’ competency evaluation has been developed in professional and pedagogic competencies according to important 
skills needed in the industrial revolution 4.0. 

30 questions about evaluating the competence of pre-service science teachers in the professional and pedagogic 
competencies have been developed with a very good result of reliability. The reliability score is obtained through Rasch 
modeling using the Winsteps application. The high value of reliability means that the questions developed are very 
consistent to measure something assessed, in this study, namely the competence of pre-service science teachers. In 
addition, the question can be trusted to assess the criteria that have been set according to the question development grid 
(Amalia & Widayati, 2012). The higher the level of reliability implies that respondents who have high abilities will get a 
high score too, and vice versa. The reliability score is also one of the benchmarks for a test; whether someone was said 
to be good or not. Thus, this test is a good tool to measure the ability of pre-service teachers especially in professional 
and pedagogic competencies in accordance with the capabilities of the industrial revolution 4.0. 

Based on the analysis of each item using the Rasch model, data were in the form of the respondent’s logit value and 
professional and pedagogic test items, the level of difficulty of each item, the suitability of the item with the Rasch model, 
a description of the distractors for each test item, and a curve that describes the probability of the score obtained by the 
respondents based on their abilities. The results of the item analysis show that there are some difficult questions because 
only a few respondents can answer correctly and meet the standard criteria for difficult and very difficult questions 
(measure value > SD value). The questions developed, both professional and pedagogical, show that most of the questions 
are moderate, meaning that they are not too difficult and not too easy. More than half of the total respondents can answer 
these questions. The most difficult questions in professional competence are questions that measure complex problem 
solving and critical thinking skills on the material of the influence of the moon's revolution. In this question, it is possible 
that respondents have difficulty choosing answers to questions that look homogeneous. The homogeneity of the answer 
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options is one component that can be used to increase the level of difficulty of the questions (Applegate et al., 2019). The 
more similar the answer options, the more misleading the respondent will be, on the contrary, if the answer options are 
very different from the correct answer (heterogeneous), then the question is easy to guess. Therefore, it is also very 
important to consider distractors in each item (Gierl et al., 2017). Based on the results of the study, questions that are 
classified as difficult have answer options that do not deceive or the distractor does not work on the question. 

A reliable test can be analyzed for its level of validity (Fraenkel et al., 2012). The validity of the test instrument is the 
suitability, correctness, and usefulness of each conclusion that is interpreted based on the results of data analysis from 
the instrument used. The test questions that have been developed are theoretically validated and declared valid. In 
addition, empirical validation was also carried out based on the analysis of respondents' answers using the Rasch model. 
The validity analysis using the Rasch model can be observed from the data item misfit which shows how fitted the 
questions developed with the Rasch model are. There are two statistical calculations used to determine the suitability of 
the test with the Rasch model. 

Conclusion 

This study has produced a competency evaluation instrument for science teacher candidates in the industrial revolution 
4.0 era as many as 30 multiple-choice questions in the professional and pedagogic competencies and has been tested on 
60 pre-service teachers majoring in science education at two State universities in Indonesia. The item analysis was 
carried out using the Rasch model and resulted in the reliability value of the professional competence test items of .95 
which was classified as special and the pedagogic competence test items were stated to be very good with a reliability 
value of .93. There was one question, both in the professional and pedagogic competencies, which did not fit the Rasch 
model, while the other items were acceptable. Therefore, the test instrument is said to be valid so that it can measure the 
competence of prospective science teachers in the 4.0 industrial revolution era. 

Recommendations 

The present study suggests that future research can develop competency evaluation for different fields, including 
language education. It is really important to note that those fields require specific evaluation of the pedagogical and 
professional aspects. For instance, the competence of teaching is indeed different from the competence of having good 
skills in languages, which become parts of professionalism. This evaluation is necessary to maintain the quality of pre-
service teachers, not only in the science field but also in others such as the language fields. In coping with the use of the 
competency evaluation, the practitioners can refer to this competency evaluation for the science field. If they come from 
different branches, they can use the evaluation sheet as a reference to develop another. By having competency evaluation 
for various fields, the pre-service teachers’ professional and pedagogic competencies can be guaranteed before they are 
graduated from the teacher training institution. Future research might do the same evaluation sheet development to 
evaluate pre-service language teachers (i.e., English and Chinese) since there will be so more complex professional 
aspects, including but not limited to conceiving good language skills.  

Limitations 

The present study is only limited to the science pre-service teachers in Indonesia. The developed competency evaluation 
might not be applicable for other countries since the curriculum must be dissimilar. Moreover, the present study’s 
participants are only limited to two State universities in Java Island, thus, the final judgment can be generalized as whole 
Indonesian pre-service teachers’ cases. Therefore, there are still many things to be developed and further undertaken 
due to this limitation.  
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