Construct Validity of the Test Instrument of Critical Thinking Skill on STEM-PjBL using Rasch Model 
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[bookmark: _heading=h.gjdgxs]Abstract. Students' critical thinking skills are very important abilities in the 21st century. To measure critical thinking skills, a valid and reliable instrument is needed. This article uses the Rasch model to construct an instrument for critical thinking skills on number pattern material whose learning uses STEM PjBL. The method used is quantitative research by measuring the validity and reliability of experimental instruments with Rasch analysis using the Winstep program. The instrument was made based on indicators of critical thinking ability. The instrument consists of 15 items with a description type that is validated by experts. The instrument was tested on 33 students at SMP Negeri 6 Semarang and on social arithmetic subjects. The results of the Rasch model analysis show that the questions have a moderate level of difficulty. At PT-Measure Corr. indicates that the discriminating power of the grains has a high discrepancy. Furthermore, checking whether an item is appropriate (item fit) or not fit (outlier or misfit) is shown in the MNSQ OUTFIT value, ZSTD OUTFIT value, and PT MEASURE CORR value. From the questions tested, those that meet the fit items are 10 questions from 15 questions. Cronbach's Alpha value (KR-20) is the reliability coefficient obtained based on the classical test theory approach. This value describes the interaction between a person and the item as a whole. The alpha value is 0.72, which indicates that the reliability of the test is generally very satisfactory (reliable). The value of person reliability is 0.76, and the value of item reliability is 0.84. This shows that the consistency of the answers from our subjects is good, and the quality of the items in the instrument's reliability aspect is good.
Introduction
Critical thinking skills are indispensable in 21st century learning [1-2]. Critical thinking is an ability pattern-focused reflective thinking decision making about what must be believed, must be done and can proved correct. ([3-4] said that FRISCO's have six criteria are as follows (1) Focus means students answer questions in context problem, (2) Reason means that students can give reasons relating to facts or evidence relevant at every step make conclusions, (3) Inference means students can draw conclusions by appropriate based on the identification process on resolution steps, (4) Situation means students can collect relevant information and use relevant mathematical concepts to answer questions, (5) Clarity means students can provide clarity of symbols or things that are not clearly explained, (6) Overview means students have checked repeat the work from start to finish what generates the FRISCO criteria.In the 21st-century learning process, it is necessary to choose an innovative learning model. The Project Based Learning (PjBL) learning model based on STEM (Science Technology Engineering and Mathematics) is the right choice. STEM-PjBL is learning that uses a Project Based Learning model that is integrated with STEM and consists of 5 processes, namely: reflection, research, discovery, application and communication [5]. STEM focuses on teaching and training students to engage in critical thinking, inquiry, problem solving, collaboration, and engineering as design thinking [6]. STEM is an integrative approach that is able to facilitate students in developing skills in the 21st century [7-9].
PjBL-based STEAM learning has a significant impact on generating ideas, creative solutions and students' critical thinking [10]. The PjBL-STEM model affects the improvement of critical thinking skills [11]. STEAM learning can help students develop critical thinking skills, problem-solving skills and collaboration [12]. To measure the improvement of critical thinking skills, a good instrument is needed. 
According to[13], conveying an instrument is generally defined as a tool that, because it meets academic requirements, can be used as a tool to measure an object or collect data on a variable. The research wants to measure critical thinking skills, so it is necessary to make a good test by looking at its validity and reliability. [14]states that a measurig device can be said to be a valid measuring device if the measuring device can measure what is intended to be measured precisely. In terms of validity and reliability, of course, it is influenced by (1) the instrument, (2) the subject being measured, and (3) the person taking the measurement. In terms of measurement, especially in education, of course, the most important thing is the correct measurement result information. The results of measurements that are not precise will provide inaccurate information, so the conclusions drawn are also inaccurate.
 [15] states that validity comes from the word validity which means the extent to which the accuracy and precision of a measuring instrument (test) in carrying out its measuring function. A test is said to have high validity if the tool performs the measuring function correctly or provides measurement results that are in accordance with the purpose of the measurement. Rasch measurement model can prove that an instrument has a high level of validity and reliability. This is because the use of the Rasch model is a solution to the validity problem where the Rasch model provides useful statistics and offers a tremendous opportunity to investigate validity  [16]. In addition, the application of the Rasch model in a study will be able to facilitate and produce more efficient, reliable, and valid measurements in addition to increasing user convenience. The Rasch model can produce reliable and valid instruments [17][18]. A study to identify the validity and reliability of the instrument is very important to maintain the accuracy of the instrument [19]. 
This is necessary to ensure that the instrument can measure what it intends to measure consistently and accurately. The Rasch model considers the ability of the respondent to answer each item or question as well as the level of difficulty of the item itself [20]. The item fit analysis can evaluate whether the items in the instrument can measure what should be measured. On the other hand, if the item does not match (misfit), it is said that the item measures a construct outside the instrument, so revision or elimination of the Smith item in Napitulu must be carried out. Based on [21], criteria to determine the level of validity and reliability of the instrument. Validity is the extent to which a research test instrument measures what it is supposed to measure. Therefore, good conclusions can be made from the research sample[22]. 
Method

The approach used in this research is a quantitative approach with the method of developing test instruments with descriptive analysis of the test results. Critical thinking skills test. tested on 33 students and has met the number of respondents who have met the requirements where based on. [23]the number of respondents for the pilot study is between 25 to 100 people. [24] suggests the minimum number of respondents is 30 people. The analysis method of research data used is the Rasch model with the Winstep Software version 3.92.1 developed by [25]. The data was collected by using a test that was constructed by the researcher which contained 15 questions. The data analysis technique used RASCH modeling analysis. This research identifies several things which include; 1) reliability, 2) validity, 3) analysis of the difficulty level of the questions, 4) the distribution of items, and 5) a description of the projection of respondents' answers in the scalogram. These five things are sufficient to describe the measuring power of the instrument on students' critical thinking skills. In addition, this analysis will show the reliability of respondents in taking tests which will later be used as data to measure students' critical thinking skills. 
[26]suggest the following criteria to check whether an item is fit (item fit) or not fit (outlier or misfit). The criteria is to look at the MNSQ OUTFIT value greater than 0.5 and less than 1.5, getting closer to 1 (Ideal), the ZSTD OUTFIT value greater than -2.0 and smaller than +2.0, getting closer to 0 (Ideal), and the value of PT MEASURE CORR is greater than 0.4 and less than 0.85. The three criteria must be met by the item, so that the item is considered fit. In Perspective, Rasch sees that the item difficulty level and the testee's ability level are on the same scale, namely the logit scale (moving between -4 to 4). A rough idea of ​​the logit number is the Testee (ability level). This taste will show low ability (-4.00 to -2.00), medium ability (-1.99.00 to 1.99), and high ability (2.00 to 4.00). The items indicating the level of difficulty (measures) are the easy items are in the MEASURE value of -4.00 to -2.00), the medium items are in the MEASURE value of 1.99 to 1.99, and the difficult items are in the MEASURE value of 2.00 to 4.00. Item Difference Power/PT-measure (Point Measure/Total Item Correlation) is shown if a negative value is obtained, meaning that item is problematic. If the item is below 0.20 it needs further inspection/not good.
Result and discussion

the expert validation and indicators of critical thinking skills
Product validation was carried out by two experts. Validation of product data from the two experts obtained an average expert validation of 3.6 in the very good category or directly usable. Based on the instrument validation, several aspects were found in the valid category with several revisions, namely the general construction aspect from the validity aspect. While the aspects of the validity of the items in the category of minor revisions. However, even though it is said to be very valid and can be used without revision, the researcher still corrects the shortcomings that exist in the instrument and is adjusted to the comments and suggestions from the validator.[27] states that valid data can be used to measure what should be measured. The following are indicators of critical thinking skills that are used as the basis for making questions, which can be seen in table 1.

Table 1. Description of Critical thinking indicator
	Critical Thinking Indicator (FRISCO)
	Indicators needed in competence

	F (Focus)
	Students understand the problem in a given problem. Added understanding of what information is known about the problem

	R (Reason)
	Students provide reasons based on relevant facts/evidence at each step in making decisions and conclusions. In this step, students should make steps to solve the problem

	I (Inference)
	(1) Students make appropriate completion plans; (2) Students choose the right reason (R) to support the completion plan that has been made.

	S (Situation)
	Students use all the information that is appropriate to the problem.

	C (Clarity)
	(1) Students use further explanations about what is in the conclusions made; (2) If there is an unusual (new) term in the question, students can explain it; (3) Students give examples of similar cases.

	O (Overview)
	Students research or re-examine thoroughly from start to finish (produced by FRISC)


The Difficulty Power and Discrimainating Power

The Measure shows that the item difficulty level and the testee's ability level are on the same scale, which is meeting the logit scale, the value is between -4 to 4. From the test questions, it shows a moderate level of difficulty. No one goes on a high or low level of difficulty. The usefulness of the item difficulty level has two things, namely usefulness for teachers, testing, and teaching [28]. Its uses for teachers are (1) as an introduction to the concept of relearning and providing input to students about learning outcomes, and (2) obtaining information about curriculum emphasis or reviewing the usual items [29]. The level of difficulty of the items can also be used to predict the measuring instrument itself (question) and the ability of students to understand the material taught by the teacher. For example, one item is included in the easy category, so the predictions for this information are (1) the distractor of the item does not work and (2) most of the students answer the item correctly; This means that most of the students have understood the material being asked. If an item is included in the difficult category, then the prediction of this information is (1) the item "may" have the wrong answer key; (2) the item has two or more correct answers; (3) the material in question has not been taught or the learning has not been completed; so that the minimum competencies that must be mastered by students have not been achieved; (4) the material measured is not appropriate, it is asked using the form of the question given; and (5) the statement or sentence of the question is too complex and long, Figure 1 shows that the level of difficulty of the test questions is in the medium category seen in “Measure”. 

Figure 1. Rasch's perspective for the Differentiating Power of Items in the test questions
[image: ]
Figure 1 also shows Rasch's perspective for the Differentiating Power of Items in the test questions, all items have high discriminating power at PT. Measure Corr. get more than 0.2. The discriminatory power of a question is the ability of the question to distinguish between students who have a high level of ability and students who have low abilities. [30]stated that the main purpose of Item Response Theory is to provide similarities between the statistical questions and ability estimates. [25] said that the use of the Rasch model is highly recommended to develop instruments to measure critical thinking skills in order to get valid and reliable questions 
Figure 2. Summary Statistic
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From Figure 2 show that the value of Cronbach's Alpha (KR-20) is the reliability coefficient obtained based on the classical test theory approach. This value is the interaction between people and goods as a whole. The alpha value is 0.84. This shows that the reliability of the test in general is very satisfactory (Reliable). The person reliability value is 0.81 and the item reliability value is 0.94. This shows that the consistency of the answers from the subjects is good and the quality of the items on the reliability aspect of the instrument is good. Reliability is the extent to which a research test instrument can be expected to obtain consistent results when the test is repeated. Reliability can provide consistency of validity  [31]. 
Viewing the Item-Person Map

One of the features of Rasch's analysis with Winstep is that there is a map that depicts the distribution of the subject's ability and the distribution of item difficulty with the same scale. This map is called the Wright Map which is nothing but a person-item map. This shows that the average individual ability is slightly higher than the item difficulty level. Therefore, this study will look further at one or two items that have a low index of difficulty to be changed and adjusted so that the instrument items will be a little more difficult for research respondents to answer.

				Figure 3. Wright Map
[image: ]
The distribution of respondents' abilities and the distribution of the level of difficulty of the questions with the same scale can be seen from the Wright Map. The Wright map of the results of the instrument trial can be seen in Figure 2. The Wright map on the left describes the students' abilities, and it can be seen that students with code P17 (have the highest ability compared to other students. Even though they have the highest ability, this student's logit score is less of +1 logit Student P17 is outside the limit of two standard deviations (T) indicating a different high intelligence (outlier). The student with the lowest ability is P11, with a logit value of more than -1, which also indicates a very low ability (outlier), because it is outside the boundary of T. 
Wright's map on the right explains the distribution of the logit value of the item, number 4 (4d) is the problem with the highest level of difficulty (+1 logit), which means the probability that all students do this problem correctly. very small. As for question 1a is the question with the lowest logit value (close to -1 logit). In this case, the more students are able to work on this question I correctly. Problems 1b and 1d have the same level of difficulty because the logit value is the same, as in questions 1c and 2b. The average logit value of the item is always set in logit 0.0 which indicates the initial reference point of the scale. From the Wright Map, the average logit person was found to be -1 logit (below 0.0 logit). This shows that the average ability of students is below the average level of difficulty of standard questions. Wright's map also shows that 2 students had logit scores below -1 logit, reflecting that more than half of the sample had low critical thinking skills. This should be a concern when critical thinking skills are low because critical thinking skills are important when children learn because they are used to support when solving problems.[32]
CONCLUSION

Rasch model analysis on the measure that shows the questions have a moderate level of difficulty. At PT-Measure Corr. indicates that the discriminating power of the grains has a high discrepancy. Furthermore, checking whether an item is appropriate (item fit) or not fit (outlier or misfit) is shown in the MNSQ OUTFIT value, ZSTD OUTFIT value, and PT MEASURE CORR valueFrom the questions tested, those that meet the fit items are 10 questions from 15 questions. Cronbach's Alpha value (KR-20) is the reliability coefficient obtained based on the classical test theory approach. This value describes the interaction between a person and the item as a whole. The alpha value is 0.72, which indicates that the reliability of the test is generally very satisfactory (reliable). The value of person reliability is 0.76, and the value of item reliability is 0.84. This shows that the consistency of the answers from our subjects is good, and the quality of the items in the instrument's reliability aspect is good.od 
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