
Momentum: Physics Education Journal 
5 (2), 2021, 194-208 

Available at: ejournal.unikama.ac.id/index.php/momentum 

 

  This is an open access article under the CC–BY license. 

https://doi.org/10.21067/mpej.v5i2.5790 
 

Developing authentic assessment instrument based on multiple 
representations to measure students' critical thinking skills 

 
Muhammad Minan Chusni 1, a *, Suherman Suherman 2, b 

1 UIN Sunan Gunung Djati. Kampus 2 Jl. Cimencrang, Kota Bandung, Jawa Barat 40292, Indonesia 
2 University of Szeged. Szeged, Dugonics tér 13, 6720 Hungary 

a minan.chusni@uinsgd.ac.id; b suherman@edu.u-szeged.hu 
* Corresponding Author. 

 

Received: 25 June 2021; Revised: 24 July 2021; Accepted: 30 July 2021 

 

Abstract: The purpose of this study was to produce an instruments test used to measure 
students' critical thinking skills in natural science learning. This research uses a 4-D 
development model (define, design, develop, and disseminate) involving 118 students at 
the develop stage and 60 students at the disseminate stage. The instrument developed 
was an essay test based on multiple representations. Validity was proved by using CVI, and 
reliability was estimated by using the Item Response Theory. The results showed that the 
instrument had a very good foreign exchange value. This is reflected in the Aiken V scores 
on the aspects of substance, construct, language and appearance, respectively, about 
1.00, 1.00, 1.00, and 1.00. According to Rasch analysis, the instruments has meet the 
assumption test for 14 items which is unidimensional, the local independence assumption 
test, and the parameter invariance assumption test. According to OUTFIT MNSQ Value, 
the items are fit with PCM 1-PL which functions normally in making measurements. 
Reliability estimated for items shows a very high consistency of measurement of 0.97 and 
for person shows a high consistency of measurement of 0.86. The results of the student's 
CTS measurement showed that the average score was 65.50, with a distribution of high, 
medium, and low abilities, respectively, about 16.67%, 63.33%, and 20.00%. Thus, 
according to these results, an authentic assessment based on multiple representations is 
suitable to measure students' critical thinking skills. 
Keywords: authentic assessment, critical thinking skills, multiple representations, Rasch 
model. 
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Introduction 

The globalization era has been developed in several fields such as economics, politics, 
technology, and education. Especially in the field of education, schools are struggling to improve the 
quality of learning. The quality of learning is determined by, among other things, the quality of the 
assessment carried out by the teacher in the learning process. Assessment is one of the most 
important things that must be done in the learning process, (Maba, 2017) stated that assessment 
and learning are two things that cannot be separated. This is in accordance with the Permendikbud 
RI Number 23 of 2016 (Menteri Pendidikan dan Kebudayaan Republik Indonesia, 2016) concerning 
Education Assessment Standards and Permendikbud RI Number 43 of 2019 (Menteri Pendidikan dan 
Kebudayaan Republik Indonesia, 2019) concerning the Implementation of Examinations organized by 
the National Education and Examination Unit which states that one of the principles of assessment is 
integrated, which means that assessment is an integral component of learning activities. Hopfenbeck 
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et al. (2018) also emphasized that assessment is an integral part of science learning and has a major 
role in obtaining information related to what is known, what is able to do, and what students learn. 
Based on the description, it can be concluded that the assessment is carried out in an integrated way 
with the learning process so that the assessments carried out can be used as feedback, direct 
learning, and students and learning evaluations. The more quality the learning assessment activities, 
the more it helps the teacher to understand the strengths and weaknesses of students.  

The 2013 curriculum emphasizes students to be more active in the learning process which 
causes their assessment to also experience adjustments; from assessment of learning outcomes to 
assessment processes that consider attitudes, behavior, and morals as an inseparable part. Authentic 
assessment has a strong relevance to the scientific approach, especially in the implementation of 
learning required by the 2013 Curriculum. Permendikbud RI Number 23 of 2016 requires that the 
assessment of the learning process is carried out using an authentic assessment approach that 
assesses the readiness of students, the process, and the learning outcomes as a whole (Menteri 
Pendidikan dan Kebudayaan Republik Indonesia, 2016). Authentic assessment defines as a mean-
ingful measurement of student learning outcomes in the aspects of attitudes, skills and knowledge. 
The term authentic is a synonym for genuine, real, or valid. Authentic assessment is often contradict-
ed by assessments that use standard norms-based, namely: multiple choices, true-false, matching, or 
short answer test standards. These forms are considered less efffective to provide a real picture of 
the students' thinking processes and the extent to which they understand the material presented. 

However, so far, the assessment process in classroom learning is still imbalanced. The assess-
ment process, in general, aims to collect and interpret evidence with the intention of making consi-
derations about the achievement of student learning outcomes or what is known as assessment of 
learning. In addition, the assessment is generally carried out with the intention of determining the 
extent to which the learning outcomes of students have been achieved or what is known as assess-
ment for learning. On the other hand, the assessment should be able to have a significant impact on 
the guidance, management and implementation of education system. Thus, there is a need for a 
more specific assessment called assessment as learning. This type of assessment is the process of 
developing and supporting metacognitive of the students. Students are included in an assessment 
process in which they monitor themselves. This type of assessment aims to prepare feedback des-
criptions for reflection and to learn self-monitoring. This type of assessment is designed to help 
students become more independent learners by continuously getting feedback and reflection in 
order to improve learning (Arends & Kilcher, 2010). 

The purpose of authentic-based assessment is that students are able to think through science 
and establish higher-order thinking skills. In the 2013 curriculum, it is important for students to have 
higher order thinking skills, including critical thinking, because it can help students develop their 
intellectual potential, ability to evaluate systematically, and capability of arguing in an organized 
manner (Chusni et al., 2021) 

Permendikbud number 23 of 2016 and number 43 of 2019 state that one of the objectives of 
learning assessment is to monitor and improve the assessment process in order to improve and 
balance aspects of attitudes, knowledge and skills to build hard skills and soft skills of students 
(Menteri Pendidikan dan Kebudayaan Republik Indonesia, 2016, 2019). Soft skills are terms that refer 
to personality, social skills, language skills, communication skills, negotiation skills, creative thinking 
and critical thinking skills. In fact, assessment instruments to measure the soft skills of students are 
still minimal. It can be seen from the National exam questions, especially science lessons, which 
mostly measure low-level thinking skills and the emphasis on memorization than thinking and prob-
lem-solving skills. Study from Mujib et al. (2018) states that the distribution of the science National 
Exam questions for the elementary school level in the range of Academic Year from 2014/2015 to 
2016/2017 is C1 (50%, 50%, 35%), C2 (27.5%, 22, 5%, 40%), C3 (5%, 12.5%, 5%), C4 (17.5%, 15%, 
20%), C5 (0%), and C6 (0%). Furthermore, a study conducted by Wijayanti et al. (2019) shows that the 
distribution of science National Exam preparation questions for the secondary school level is C1 
(50%), C2 (22.5%), C3 (5%), C4 (0%), C5 (0%), and C6 (0%). Whereas, in the distribution of the Physics 
National Exam for High School questions, the teacher’s evaluation regarding the distribution 
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questions was (C1) 0%, understanding (C2) 11.25%, applying (C3) 41.25%, analyzing (C4) 30%, 
evaluate (C5) 12.5% and create (C6) 5% (Yusrizal, 2016). 

Based on Indonesia's rank in the Program for International Students Assessment (PISA) event 
for several years, it can be used as a standard for the low level of thinking of Indonesian students 
compared to other countries. Chusni et al. (2020) stated that based on the results of the study, 
Indonesian students were ranked 38 out of 41 PISA countries in 2000, with a score of 393. PISA in 
2003, was ranked 37th out of 44 participating countries with a score of 395. PISA 2006, was ranked 
50th out of 57 countries with a score of 393. Most recently, in the PISA assessment released on 
December 3, 2019, Indonesia was in the 75th position out of 80 countries that participated in the 
assessment. Indonesian students represented by 12,098 students and carried out using computer-
based assessments obtained an average value for reading ability 371, mathematics ability 379 and 
science ability 396. According to previous research, from the results of the PISA test and evaluation, 
the performance of Indonesian students is still low (Kartianom & Ndayizeye, 2017; Nugrahanto & 
Zuchdi, 2019; Suprapto, 2016). Consecutively, the average achievement score of Indonesian students 
for science is ranked 70 out of 78 evaluated countries. The questions contained in PISA are in the 
form of questions with a high level of thinking that not only require the ability to memorize, but also 
critical thinking skills. 

Critical thinking is an important skill for problem solving, education and learning. This skill 
provides a systematic approach in identifying problems, so that the most rapid solutions will be 
obtained in structured problem solving (Amalia & Wuryandani, 2020; Doleck et al., 2017). Critical 
thinking skills are valuable skills that can be generated from the learning process in schools. Teachers 
can make critical thinking skills as an outcome to be achieved during learning. However, learning in 
school does not always result in the competence of students who have critical thinking skills. 
Research by Paul et al. (1997) reveals that in the learning process, many teachers direct students to 
have the critical thinking as a result of learning. Therefore, they encourage students to practice 
critical thinking during the learning process. However, during its implementation, many teachers 
cannot define or distinguish the results of critical thinking from conceptual mastery. Especially in 
science learning, there are still a lot of evaluation questions on formative assessments that tend to 
require memory skills and solve problems through mathematical solutions in the form of multiple-
choice questions, which are often contradicted with authentic assessments. The form of multiple-
choice questions was chosen because this model makes it easier for teachers to distribute questions 
related to the material being studied. Besides, that it also easier for teachers to make assessments 
because in there is only one correct answer. However, the multiple-choice form of test requires close 
supervision to avoid the tendency of cheating. Besides, the multiple-choice form tends to be 
ineffective when applied as an evaluation tool to measure students' higher order thinking skills. 
Therefore, in this study, it is intended to conduct research on the development of authentic assess-
ment instruments in the form of written essay questions that can be used to measure critical thinking 
skills in environmental change material. The written test in the form of an essay was chosen as 
explained by Brookhart and Nitko (2019), who states that the essay test provides more opportunities 
for students to display the ability to write, organize, express, and explain the relationship between 
ideas so that they are able to assess students' higher order thinking skills. Environmental change 
material was chosen because this material is one of the essential materials that must be mastered by 
grade VII students in science learning. 

Encouragement to achieve critical thinking skills is needed so that students better understand 
the concepts being learned, and can apply them in various situations. Achieving high-order thinking 
skills such as assessing, interpreting, analyzing, expressing opinions, evaluating requires a means of 
communication in verbal or written form. The means of communication can be in multiple forms 
arranged in language which in the form of expression or communication is in the form of writing 
through graphics, tables, pictures, or other forms (Gebre, 2018; Kristidhika et al., 2020; Moore et al., 
2020; Namdar & Shen, 2016; Ngin, 2018; Rachman et al., 2020). 

Based on the characteristics of science material, the use of multiple representation is highly 
regarded by teachers in the learning process. The teacher can design multiple representation tests, 
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so that these tests can communicate representations to model and interpret them. Study from 
Abdurrahman et al. (2019); Susilaningsih et al. (2019); and Yanti et al. (2019) showed that multiple 
representation can improve the implementation of the learning process starting from planning, 
student activities during learning, responding to student’s very good interest, and providing positive 
results on students' social skills. The results of the study show that multiple representation can 
improve student’s problem solving ability (Prahani et al., 2016), increase creativity in analyzing tests 
(Mutia & Prasetyo, 2018), help students stimulate the development of thinking skills with various 
perspectives and approaches (Fonna & Mursalin, 2018). 

Multiple representation tests to measure critical thinking skills need to be developed in each 
material. However, only a few materials in science subjects can accommodate the needs of the test. 
One of the materials that can support the needs of this type of assessment is environmental change 
material. Observations have been made at one of the junior high schools in Sleman district, namely 
MTS Negeri 2 Sleman. Based on observations on science learning, it was found that formative 
assessment for the cognitive aspects rarely used the high-level thinking instruments. Additional 
information obtained was that research had never been carried out related to the development of an 
authentic assessment instrument based on multiple representations in science learning to measure 
students' critical thinking skills before. Therefore, this study aims to produce an instruments test 
used to measure students' critical thinking skills in natural science learning.  

Method 

This study focuses on measuring the utility of a multiple representation-based critical thinking 
skills test instrument. This instrument consists of 14 questions, where 1 indicator is represented by 2 
questions which have been developed based on the modified critical thinking skills indicators. This 
research uses a 4-D development model (define, design, develop, and disseminate) involving 118 
students at the develop stage and 60 students at the disseminate stage. The instrument developed 
was an essay test based on multiple representations. The analysis of the content validity of the test 
instruments was analyzed using the Content Validity Index, and the empirical validity of the test 
instrument reliability was estimated by using the Item Response Theory with Winsteps program. 
There were 308 students as subject divided into 10 groups, five groups used MSLAM as the 
experimental class and five groups used the HOT Lab as a control class. All groups did experiments of 
series-parallel circuit on electrical and elasticity. 

Instruments and Procedures 

The data obtained are as follows: 1. Qualitative Data that comes from expert validators in the 
form of comments and suggestions for authentic assessment instruments for critical thinking skills. 2. 
Quantitative Data, namely: a. The assessment score of the expert validator of the authentic assess-
ment instrument of critical thinking skills. b. Score of student learning outcomes on environmental 
change material using authentic assessment instruments for critical thinking skills. Data was collected 
from July to August 2020. The school as the place of research conducted was MTs Negeri 2 Sleman 
which located at Jalan Magelang km 17, Margorejo, Tempel, Sleman, Daerah Istimewa Yogyakarta. 
Data collection was carried out during the process of preparing the assessment instrument as well as 
in the learning assessment process in the classroom, including: (1) Testing the appropriateness of the 
authentic assessment instrument for critical thinking skills developed through validation by expert 
validators; (2) Taking data on students' cognitive learning outcomes using authentic assessment 
instruments for critical thinking skills after learning environmental change material is carried out; and 
(3) Observing the achievement of students' critical thinking skills in the cognitive aspects after using 
the developed authentic assessment instruments. 

Data Analysis 

The data collected from the instruments were analysed as follow: 
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Analysis of Validity 

Content validity is the validity that is estimated through testing the test content with rational 
analysis or through professional judgment (Gardner & Dunkin, 2018). The data from the results of the 
assessment by expert validators from the validation sheet of the assessment instrument were 
analyzed to determine the validity of the content of the developed authentic assessment instrument. 
In this study, the content validity of the critical thinking skills assessment instrument was analyzed 
using the Content Validity Ratio (CVR) and the Content Validity Index (CVI). According to Lawshe 
(Lawshe, 1975), CVR is a content validity approach to determine the suitability of items with domains 
that are measured based on expert judgment. Content Validity Ratio (CVR) was obtained from a 
number of experts (panels) who were asked to examine each component of the measurement 
instrument. The technique of analyzing it is as follows: (1) Validator assessment criteria on the 
assessment data obtained from the validation is a score. The table is used to convert the score given 
by the validator into the assessment index value; (2) Calculating the CVR value; (3) Calculating 
Content Validity Index value (CVI-value); (4) Categorization of CVR and CVI result is in range -1 < 0 < 1 
(Lawshe, 1975). 

Empirical validity Analysis 

According to Kvale (1989) empirical validity is the validity obtained based on experience by 
means of testing. Empirical validity is obtained through the results of test trials to respondents. In 
this study, the empirical validity of the critical thinking skills instrument was analyzed using the 
Winsteps 3.37 program with Rasch Modeling, which is the development of the analytical model by 
Georg Rasch from the response theory item 1 LP (one Logistic Parameter). The item fit with the Rasch 
model can explain whether the item of the instrument functions normally in making measurements 
or not. Item fit analysis provides a technique to control the quality needed to assess the validation of 
test items and person responses (Wright & Stone, 1988). Boone et al. (2014) added that the criteria 
used to check the suitability of instrument items to be considered in accordance with the model 
were by looking at the value of OUTFIT Mean Square (MNSQ), OUTFIT Z-standard (ZSTD), and Point 
Measure Correction (Pt Mean Corr).  

Analysis of reliability 

According to Lester et al. (2014) reliability means the extent to which the results of a measure-
ment can be trusted. A measurement result can be trusted if the results obtained are relatively the 
same for several times. The reliability analysis of the test instruments was carried out with the help 
of the Winsteps 3.37 program. The Winsteps program can provide instrument reliability information, 
namely person spacing index and item spacing index, and Cronbach's Alpha value, namely the 
interaction between person and item (Fariña et al., 2019). Yanto (2019) state that the higher the item 
reliability, the more precise the overall item is analyzed according to the model used. The instrument 
can be said to be reliable if it has a Cronbach Alpha value> 0.7. 

Analysis of level difficulty 

The level of difficulty of the instrument items can be obtained in the analysis using the 
Winsteps program. Hambleton and Swaminathan (1985, p. 36) states that an item is said to be good 
if the level of difficulty is more than -2.0 or less than +2.0 (-2.0 <difficulty <+2.0). 

Analysis of student’s achievement 

The level of student’s ability in answering the instruments can be seen with the help of the 
Winsteps program with Rasch modeling. Fariña et al. (2019) state that the ability level of these 
students is indicated by the logit value on the person measure. 

Analysis of e-learning achievement of Critical Thinking Skills 

The score of the results obtained by students from the critical thinking instruments in the form 
of numbers is then converted into three categories (Permatasari et al., 2019).  
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Results and Discussion 

Feasibility of authentic instruments of critical thinking skills 

Expert judgment trials aim to produce valid instruments in terms of content. A qualitative 
review has been carried out prior to testing the instruments and measurements involving experts. 
The aspects assessed at this stage include substance, construction, language and appearance. The 
validation results from the experts were then analyzed using the Aiken V equation to determine the 
value of each item. The results of the Aiken V scores on the aspects of substance, construct, language 
and appearance, respectively, are about 0.90, 0.85, 0.80, and 0.92. Aiken stated that the statistical 
significance of Aiken V can be determined by correlating the scale used with the number of experts. 
This study involved seven experts and five category scales with a significance level of 0.05 so that the 
Aiken V limit for each item was 0.75. Thus, it can be stated that, at the significance level of 0.05, all 
items are included in the content valid category.  

The results in content validation for the written test assessment tool were analyzed using the 
Lawshe content validity where the CVR validity standard depends on the number of SMEs. The CVR 
value must meet 0.99 for the items to be declared valid. This applies to content validation using 7 
SMEs (Lawshe, 1975). The CVR value obtained from each item is 1 and is fully presented in the 
attachment. The CVI value obtained from the average CVR is 1. Based on the CVR value that exceeds 
0.99, all items are declared valid and fit for use for further research. 

Based on the analysis of the instrument items using the Winsteps 3.37 program, the quality of 
the assessment instrument items can be seen. First, a test of the fulfilled assumptions, namely 
indicators, is carried out. Unidimensional means that each test item measures only one ability (Fu & 
Feng, 2018). The results of the analysis with Winsteps obtained Eigenvalues or raw variance data of 
48.3% with Unexplained variance in 1st contrast of 7.0% and Unexplained variance in 2nd contrast of 
6.5% for authentic assessment instruments of critical thinking skills.  

According to Chan et al. (2014), the minimum requirement for unidimensionality is 20%. These 
results indicate that the unidirectionality of the instrument with a minimum requirement of 20% raw 
variance has been met. Student’s CTS was measured by giving 7 questions, 1 question represent 1 
indicator, which showed that students have a low level of CTS. RASCH analysis done included person 
reliability, item reliability, and fit item measure. Person reliability or score that shows how consistent 
the students are in answering correctly is 0.87 with a separation index of 2.57. In other words, stu-
dents may answer questions, with the correct answers, in the “good” category (Boone et al., 2011). 
Separation index, or score that shows how well a sample of people is able to separate the items, of 
2.14 indicated that students' score of CTS has good enough distribution (Boone & Noltemeyer, 2017). 
Next, determining a separation index that obtains 3.76 is good. These results indicate that respon-
dents can be divided into four large groups, namely groups that have very high, high, low, and very 
low critical thinking skills scores. This classification indicates that the instrument made is able to 
distinguish students' abilities quite accurately. 

------------------------------------------------------------------------------- 
|          TOTAL                         MODEL         INFIT        OUTFIT    | 
|          SCORE     COUNT     MEASURE   ERROR      MNSQ   ZSTD   MNSQ   ZSTD | 
|-----------------------------------------------------------------------------| 
| MEAN      18.8       9.9        -.02     .40       .96    -.1    .97     .0 | 
| S.D.       7.1       1.7        1.17     .09       .52    1.1    .64    1.0 | 
| MAX.      33.0      14.0        2.01     .79      3.34    3.1   4.10    2.9 | 
| MIN.       2.0       6.0       -4.79     .30       .18   -2.8    .15   -2.6 | 
|-----------------------------------------------------------------------------| 
| REAL RMSE    .44 TRUE SD    1.09  SEPARATION  2.46  Person RELIABILITY  .86 | 
|MODEL RMSE    .41 TRUE SD    1.10  SEPARATION  2.69  Person RELIABILITY  .88 | 
| S.E. OF Person MEAN = .11                                                   | 
------------------------------------------------------------------------------- 

        VALID RESPONSES:  70.4% (APPROXIMATE) 
Person RAW SCORE-TO-MEASURE CORRELATION = .86 (approximate due to missing data) 

CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST" RELIABILITY = .71 (approximate due to missing data) 

Figure 1. Pearson Measured 
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Figure 1 shows that the value of the person measure shows the score of 0.02, which means 
that the student's average ability is almost the same as the difficulty level of the question (set by 
default 0.00). The OUTFIT-MNSQ column shows the score of 0.99 which indicates that the questions 
that have been given are in the acceptable category, or excellent in measuring. Furthermore, the 
OUTFIT-ZSTD score of -.1 has a high level of reliability. Referring to Boone et al. (2014); and Linacre 
(2012), the range of values for OUTFIT-MNSQ is from 0.5 to 1.5 and the range of values for OUTFIT-
ZSTD is from -2 to +2. Next is The Cronbach alpha value that shows how the students' internal 
consistency is in answering questions. Therefore, this score is not fully part of the statistical analysis, 
but to show the reliability between students (who answer) and the questions (which are asked). In 
this study, the value of The Cronbach alpha value was 0.71 which means "acceptable", as shown in 
Figure 1. 

Figure 2 shows the results of the measured item test which shows the item's reliability value 
reaches 0.97. This means that the item is considered very good in measuring the ability of students 
with a separation index of 5.92, which is in the very good category. This result is supported by Fit 
Item Order (Figure 3) and variable map between item difficulties and student ability (see Figure 4). 

------------------------------------------------------------------------------- 
|          TOTAL                         MODEL         INFIT        OUTFIT    | 
|          SCORE     COUNT     MEASURE   ERROR      MNSQ   ZSTD   MNSQ   ZSTD | 
|-----------------------------------------------------------------------------| 
| MEAN     155.5      81.7         .00     .14       .95    -.2   1.00    -.1 | 
| S.D.      76.3      18.8         .78     .03       .23    1.4    .28    1.2 | 
| MAX.     288.0     108.0        1.50     .20      1.48    3.1   1.72    2.3 | 
| MIN.      49.0      44.0       -1.14     .11       .53   -2.3    .63   -1.8 | 
|-----------------------------------------------------------------------------| 
| REAL RMSE    .14 TRUE SD     .76  SEPARATION  5.34  Item   RELIABILITY  .97 | 
|MODEL RMSE    .14 TRUE SD     .76  SEPARATION  5.48  Item   RELIABILITY  .97 | 
| S.E. OF Item MEAN = .22                                                     | 
------------------------------------------------------------------------------- 
UMEAN=.0000 USCALE=1.0000 
Item RAW SCORE-TO-MEASURE CORRELATION = -.85 (approximate due to missing data) 
1144 DATA POINTS. LOG-LIKELIHOOD CHI-SQUARE: 1838.04 with 1012 d.f. p=.0000 

Global Root-Mean-Square Residual (excluding extreme scores): .8358 

Figure 2. Item Measured 

Figure 3 shows the item analysis based on the fit order item. Based on the table, the item fit 
criteria for the model if the OUTFIT MNSQ is between 0.5 to 1.5, the ZSTD value is between -2.0 to 
+2.0, and the Pt Mean Corr value is 0.4 to 0.8 (Fariña et al., 2019). Based on this description, it can be 
concluded that 14 instrument items (7 indicators) of authentic assessment of critical thinking skills fit 
the Rasch model. 

Item STATISTICS:  MEASURE ORDER 
 ------------------------------------------------------------------------------------------- 
|ENTRY   TOTAL  TOTAL           MODEL|   INFIT  |  OUTFIT  |PT-MEASURE |EXACT MATCH|      | 
|NUMBER  SCORE  COUNT  MEASURE  S.E. |MNSQ  ZSTD|MNSQ  ZSTD|CORR.  EXP.| OBS%  EXP%| Item | 
|------------------------------------+----------+----------+-----------+-----------+------| 
|     9     75     88    1.50     .17| .53  -2.3| .63  -1.7|  .59   .47| 85.2  72.3| I0009| 
|    10     90     80     .80     .15| .78  -1.1| .89   -.4|  .49   .51| 67.5  62.2| I0010| 
|    11    112     94     .79     .13| .99    .0|1.13    .7|  .50   .51| 54.3  56.6| I0011| 
|     8     49     44     .76     .20|1.05    .3|1.72   2.0|  .13   .55| 52.3  60.5| I0008| 
|    12    144     96     .45     .12|1.10    .8|1.00    .0|  .56   .56| 47.9  49.3| I0012| 
|    13     91     66     .31     .14| .78  -1.3| .75  -1.1|  .56   .55| 51.5  52.1| I0013| 
|    14     89     55     .16     .15|1.02    .1|1.19    .9|  .64   .61| 38.2  48.2| I0014| 
|     2    172     86    -.18     .12| .88   -.8| .85   -.9|  .70   .64| 46.5  42.9| I0002| 
|     1    128     64    -.37     .14| .80  -1.3| .83   -.9|  .60   .65| 51.6  45.8| I0001| 
|     3    204     89    -.52     .12|1.00    .0| .94   -.3|  .68   .66| 46.1  44.4| I0003| 
|     4    258    105    -.59     .11| .77  -1.8| .73  -1.8|  .71   .65| 55.2  44.1| I0004| 
|     5    281    108    -.86     .11|1.48   3.1|1.41   2.3|  .68   .68| 25.9  45.1| I0005| 
|     6    288    101   -1.10     .12|1.29   1.8|1.17    .9|  .72   .66| 38.6  47.3| I0006| 
|     7    196     68   -1.14     .15| .86   -.7| .82   -.8|  .75   .72| 50.0  48.4| I0007| 
|------------------------------------+----------+----------+-----------+-----------+------| 
| MEAN   155.5   81.7     .00     .14| .95   -.2|1.00   -.1|           | 50.8  51.4|      | 
| S.D.    76.3   18.8     .78     .03| .23   1.4| .28   1.2|           | 13.3   8.2|      | 

------------------------------------------------------------------------------------------- 

Figure 3. Item Fit Order 
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Figure 4. Variable Map 

Figure 4 shows how the distribution of responses is associated with the question items 
answered. The question with the highest difficulty level is in the top position and the item with the 
lowest difficulty level is the one at the bottom. Labels X and Y indicate the type of question (X = Type 
1 tested first; Y = Type 2 tested after the first one) and numbers 1-7 show indicators of critical 
thinking skills. Based on the data n Figure 3 and Figure 4, it can be seen that all the questions have 
good criteria for measuring students' critical thinking skills. 

Achievement of students' critical thinking skills (Implementation) 

Descriptive analysis 

In the implementation stage, the data were collected in two stages, namely pre-test and post-
test. The data on the results of the implementation carried out are shown in Figure 5.  

Based on Figure 5, there are two students who have very extreme scores both in the pre-test 
and post-test. Based on the distribution of data, it can be concluded that the pre-test items are more 
spread out symmetrically (normal with sig. 0.017 <0.05) than the post-test which tends to the right 
(not normal with sig. 0.200> 0.05). More detailed details are shown in Figure 6. 
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Value Stem-and-Leaf Plot for 
Group= Pre Test 
 
 Frequency    Stem &  Leaf 
 
     2,00        2 .  11 
     5,00        2 .  55588 
     8,00        3 .  22222222 
    16,00        3 .  5555555599999999 
    12,00        4 .  222222222222 
     4,00        4 .  6666 
     8,00        5 .  00000333 
 
 Stem width:     10,00 
 Each leaf:        1 case(s) 

Value Stem-and-Leaf Plot for 
Group= Post Test 
 
 Frequency    Stem &  Leaf 
 
     1,00        2 .  8 
     4,00        3 .  5999 
     3,00        4 .  222 
    18,00        5 .  000003333377777777 
    12,00        6 .  004444477777 
    13,00        7 .  1111555555588 
     5,00        8 .  22255 
 
 Stem width:     10,00 
 Each leaf:        1 case(s) 

Figure 5. Student Score 

 

Figure 5. Summary Score Test (Box Plot) 

Based on Figure 6, it can be seen that on average, students’ score with type 2 questions are 
higher than those type 1 questions. This means that with the same indicator, type 2 questions are 
declared easier than type 1 questions. Furthermore, Figure 6 also describes the range of data on the 
two types of questions which in type 1 students have the ability to answer questions that tend to be 
the same as the data set which is more centralized, whereas in type 2 the data is spread over a larger 
cluster. Then, students can be grouped according to their abilities as in Table 1. 

Table 1. The distribution of student’s ablity in each item 

The number of students of each level 

No. Item High Medium Low 

Item 1 13.00 33.00 14.00 
Item 2 5.00 38.00 17.00 
Item 3 17.00 33.00 10.00 
Item 4 0.00 51.00 9.00 
Item 5 5.00 49.00 6.00 
Item 6 7.00 40.00 13.00 
Item 7 6.00 48.00 6.00 
Item 8 8.00 34.00 18.00 
Item 9 14.00 39.00 7.00 

Item 10 21.00 17.00 22.00 
Item 11 9.00 48.00 3.00 
Item 12 22.00 24.00 14.00 
Item 13 12.00 31.00 17.00 
Item 14 9.00 46.00 5.00 
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Instrument’s analysis 

The results of the instrument testing at the implementation stage were given to sixty samples 
that were spread into two classes. They indicate that the resulting instrument had a fairly good 
reliability, as shown in Figure 7. 
-------------------------------------------------------------------------------------------------------------- 
Item Fit                                                                                       23/ 7/21 20:21  
all on all (N = 60 L = 14 Probability Level= .50)                                                              
-------------------------------------------------------------------------------------------------------------- 
INFIT                                                                                                          
 MNSQ   .50       .56       .63       .71       .83      1.00      1.20      1.40      1.60      1.80      2.0 
---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+---------+ 
  1 item 1                                  .              *              . 
  2 item 2                                  .              |*             . 
  3 item 3                                  .          *   |              . 
  4 item 4                                  .      *       |              . 
  5 item 5                                  .        *     |              . 
  6 item 6                                  .              |       *      . 
  7 item 7                                  .              *              . 
  8 item 8                                  .         *    |              . 
  9 item 9                                  .              |       *      . 
 10 item 10                                 .              |  *           . 
 11 item 11                                 .              |   *          . 
 12 item 12                                 .              |       *      . 
 13 item 13                                 .           *  |              . 
 14 item 14                                 .     *        |              . 
============================================================================================================== 

Figure 7. Critical Thinking Skill Test Results on the Implementation 

Figure 7 shows the total average value of the three aspects. Most of which are in the good 
category because they are between -2 to +2. 

 

Figure 8. Result of Reliability 

Figure 8 shows that the questions made have good quality, which is indicated by the reliability 
value of 0.95. Furthermore, the separation index of 3.89 shows that each item is distributed in good 
categories. This is reinforced by the separation index of 3.89 (rounded to 4) which shows that the 
question instrument made is able to differentiate students' abilities into four groups (very high, high, 
low, very low). Finally, with reference to the Cronbach alpha value of 0.81, it indicates that the 
resulting instrument is acceptable for measuring critical thinking skills.  

Referring to the variable map, the data in Figure 6 shows that the post-test score is better than 
the pre-test, as evidenced by Figure 9 which indicates that the post-test (denoted by Y) has a lower 
level of difficulty than the pre-test. When viewed from the FIT model (Figure 10), it can be seen that 
the Y type (post-test) questions have a pattern that is more similar to the RASCH model compared to 
the X type (pre-test) questions. 

The results of the study showed that the authentic assessment instrument has good quality 
and is suitable to measure student's CTS. Based on the results of the analysis obtained, it can be seen 
that the CTS authentic assessment instrument developed is able to measure the ability of students 
from the highest to the lowest ability. Based on the results of the expert's assessment, it appears 
that all the questions are of good quality and are feasible to be tested on students. The results of the 
feasibility test on 118 students showed that the instrument developed was able to measure students' 
abilities well. This can be seen in the group of students who were divided into six groups from the 
group with the highest ability to the lowest one which was shown by a separation index of 5.92 
(rounded to 6). At the dissemination stage, the separation index slightly decreased to 5.52 (rounded 
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to 5), which meant that students were grouped into five groups. Thus, it can be concluded that the 
instrument has good quality in order to measure student ability correctly. 

                                 |       3.3 
                                 |      13.4 
  3.0                            |       1.3 
                                 | 
                                 |       2.4 
                                 | 
                                 | 
                                 | 
  2.0                            |       5.3    8.4 
                             X   |       6.4    9.4 
                                 |       7.3   11.3 
                                 |      14.4 
                             X   |      13.3 
                           XXX   | 
                             X   | 
  1.0                       XX   |       2.3    3.2    9.3 
                         XXXXX   |       7.2 
                            XX   |       5.2 
                       XXXXXXX   |      10.4   12.4 
                           XXX   |       4.3    9.2 
                       XXXXXXX   | 
   .0                      XXX   |      14.3 
                         XXXXX   |       6.3   10.3 
                        XXXXXX   |       8.3   10.2   11.2   
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                          XXXX   |       4.2    8.2 
                          XXXX   | 
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                             X   |       1.2    4.1 
                                 | 
                             X   |       3.1 
                                 | 
                                 |       6.1 
                                 |       7.1    8.1    9.1 
 -2.0                            |       5.1   14.2 
                             X   |      13.1 
                             X   |      10.1   12.1 
                                 | 
                                 |      11.1 
                                 | 
                             X   | 
 -3.0                            | 
                                 |      14.1 
                                 |       2.1 

Figure 9. Variable Map 

 

Figure 10. Expected Score ICC 
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Based on the results of the analysis on each item and the indicators tested, in all aspects, it 
meets the OUTFIT MNSQ value limit standard with a score range of 0.5 to 1.5. The clarity assumption 
aspect (Item 1 and item 8) has an OUTFIT MNSQ value of 0.80 (type A) and 0.72 (Type B), an 
interpretation aspect of 0.7 (type A) and 0.93 (type B), an analysis aspect of 0.74 (type A) and 1.13 
(type B), an evaluation aspect of 1.26 (type A) and 1.63 (type B), a reason aspect of 0.73 (type A) and 
1.36 (type B), and a self-regulation aspect of 0.96 (type A) and 0.8 (type B). Based on the OUTFIT 
MNSQ value, it can be seen that there is only 1 question that needs to be revised, namely the type B 
evaluation aspect (item number 12), and after that it can be used in dissemination test. Furthermore, 
referring to the variable Map, the results of the analysis show that there are some students with very 
high critical thinking skills, but on the other hand there are also students with very low critical 
thinking skills. This of course is influenced by several factors, one of which is the class characteristics 
factor. The class used as the test subject is a class with input from students with various abilities. This 
means that students in the class do not have the same abilities from the start, but there are students 
with very high abilities and students with sufficient abilities. However, the instrument of critical 
thinking skills developed was able to measure the ability of students from the highest to the lowest 
abilities. These results are consistent with research conducted by Burhanuddin (2015) which states 
that authentic assessment by written tests is suitable for assessing the cognitive aspects of students. 

Conclusion 

Based on the results of the analysis and discussion, the following conclusions were obtained: 
(1) this study produced an authentic assessment instrument which was suitable for measuring 
students' critical thinking skills on environmental change material. The feasibility of this authentic 
assessment instrument is based on the results of the analysis as follows: the instrument has met the 
content validity requirements by the expert judgment in the very good category and about 14 items 
of critical thinking skills have obtained empirical evidence of fit with the Rasch Model based on three 
parameters, namely OUTFIT MNSQ, ZSTD, and Pt Mean Corr; based on the item separation index, the 
developed critical thinking skills authentic assessment instrument was classified as reliable, and the 
developed authentic instrument can measure students' critical thinking skills in level high of 16.67%, 
middle of 63.33%, and low of 20.00% with an average of 10 students belong to the high level, 38 
students to the middle level, and 12 students to the low level. 
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