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Abstract: Authentic assessment is an assessment approach that enable 
students to demonstrate in-depth understanding and solve complex 
problem using systematic thinking skills, but teachers find it difficult to 
develop due to limited knowledge and time. The aim of this research is to 
produce an authentic assessment instrument for redox reaction materials; 
determine the characteristics, quality, and feasibility. The instrument 
development model used was a combination of Oriondo & Dallo-Antonio 
with Cohen Swerdlik. The development stages were assessment planning, 
instrument construction, and product testing. The research subjects were 155 
of 10th-grade students from three public high schools in Bukittinggi, 
selected using random sampling technique. Data collection techniques were 
tests and non-test, the instruments were open ended questions and 
validation sheets. The authentic assessment instrument developed criteria 
are: (1) can assess students’ higher order thinking skills; (2) integrate 
knowledge with skills and various scientific disciplines; (3) develop 21st 
century competencies; and (4) involve real or everyday life contexts for 
cognitive aspect. The trial results were analyzed using the PCM 1-PL 
approach at IRT using Winstep and Parscale program. The characteristics of 
the item were stated fit because it met the acceptance requirements for 
MNSQ, ZSTD, and PT-Measure Correlation and the difficulty is in a 
relatively good level. The reliability of the instrument was classified as good, 
with test reliability of 0.72 and item reliability of 0.96.  
 
Keywords: Assessment Instruments; Authentic Assessment; Higher Order 
Thinking Skills; Redox Reactions 

  

Introduction  
 

Assessment in learning is essential but difficult to 
do, because it is impossible to know what is exactly in 
students' minds (Stowe & Cooper, 2019). Assessment is 
carried out by reasoning through the evidence shown by 
students on exams, assignments, or performance in 
various activities designed from competencies or 
learning indicators. Without it, it is hard to know 

whether students are just remembering or really 
understanding the material. Designing learning 
assessments that can provide sufficient information to 
evaluate students' abilities is a challenging task for 
teachers. The 2013 curriculum is based on Minister of 

Education and Culture Regulation no. 104 of 2014, 
requires the use of authentic assessment as the main 
assessment approach in assessing learning outcomes. 

Developing authentic assessment instruments 
requires careful planning while teachers have limited 
time (Ambiyar et al., 2020; Ekawati, 2012; Ismiati et al., 
2019; Wulandari et al., 2018). Authentic assessment can 
explore students' in-depth understanding to solve 
complex problems using critical thinking skills 
systematically by integrating several scientific 
disciplines and/or between theory and practice. It 
means authentic assessment involves questions with a 
high level of thinking skills known as HOTS (Higher 
Order Thinking Skills) questions (Bushkofsky, 2016). 

https://doi.org/10.29303/jppipa.v10i10.8791
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However, some high school chemistry teachers who are 
graduated from UNY developed UAS questions that are 
still dominated by LOTS and MOTS questions (Iskandar 
& Senam, 2015). Some teachers have the misperception 
that high-level thinking skills questions are identical to 
difficult questions, so they are not easy to apply to 
classes with students who have various cognitive 
abilities (Nurmawati et al., 2021). 

Teachers find difficulties in involving students in 
the assessment process (Ekawati, 2012; Wahyuni et al., 
2021; Hanifah & Irambona, 2019; Ismiati et al., 2019; 
Kartowagiran & Jaedun, 2016; Suastra & Ristiati, 2017). 
The character of students is unique, so teachers have 
difficulty managing time and implementing instruments 
such as directing students to instill good attitudes in 

accordance with learning objectives (Nuriana, 2018; 
(Sudiana et al., 2018) Sund, 2016). In fact, the integration 
of knowledge, skills and attitudes in assessment is one 
of the dimensions of authentic assessment (Gulikers et 
al., 2004). 

Apart from the attitude aspect, similar obstacles are 
also experienced in assessing other observation 
technique assessments such as assessing practical skills 

or performance aspects. Research results show that 
direct assessment of practical skills is still limited 
(Hancock & Hollamby, 2020). The condition was more 
challenging because of the Covid-19 Pandemic, 
assessment in learning online must remain active and 
authentic. However, no instructional design has been 
found in online authentic assessment (Sutadji et al., 
2021). Teachers still have to carry out various types of 
authentic assessments such as performance assessments, 
simple projects, portfolios and written assessments 
(Salirawati, 2021). This condition is a major obstacle to 
chemistry learning, especially laboratory activities, 
because apart from being encouraged to learn using new 
technology, educators must also quickly explore and 
design alternative assessments to replace direct exams 
and written tests (Lau et al., 2020). 

Authentic assessment strategies are expected to 
achieve learning objectives and support a balance 
between learning activities, assessments and learning 
outcomes so that the real-world impacts produced are of 
truly authentic quality (Hasan & Cerimagic, 2021). 
Students in Taiwan have a good understanding of the 
concept of redox reactions based on the release and 
binding of oxygen, but one third of class X students 
cannot explain the phenomenon using redox reaction 
theory accurately (Chiang et al., 2014). Adu-Gyamfi & 
Ampiah (2019) stated that alternative conceptions of 
chemistry students are associated with the application of 
oxidation and reduction processes in real life contexts. In 
other research, it was found that prospective chemistry 
teachers were unable to connect the three levels of 
chemical representation (macroscopic, microscopic and 

symbolic) in chemistry learning, especially the redox 
concept (Hadinugrahaningsih et al., 2022). The 
assessment, teaching and learning processes are closely 
related to each other and are part of the pedagogical 
process (Villarroel et al., 2018). 

Therefore, it is important for teachers and 
prospective educators have complete knowledge to 
develop authentic assessment instruments on redox 
reactions material. This research aims to develop an 
authentic assessment instrument on class X high school 
redox reaction material which is still rarely found in 
previous research results. This instrument includes 
assessment instruments on cognitive aspect with 
indicators and scoring guidelines that can be used in 
both online and offline learning. The question 

instrument items are also designed to develop students' 
high-level thinking skills, and are linked to daily life, 
and encourage students to be able to integrate various 
scientific disciplines. 
 

Method  
 
Research Design  

This research is development research that 
followed the specific procedure for compiling and 
developing instrument by Oriondo & Dallo-Antonio 
(1984) combined with the instrument development 
model of Cohen & Swerdlik (2018).  

 

 
Figure 1. Research Flow 

 
Time and Place 

The empirical test of the instrument was carried out 
in the fourth week of April 2022 to the second week of 
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May 2022 at SMAN 1 Bukittinggi, SMAN 3 Bukittinggi, 
and SMAN 5 Bukittinggi. 
 
Subject 

The research subjects were 155 students in the 
empirical testing stage. The research subjects were 10th 
grade of science students from three public high schools 

in Bukittinggi and the population was the 10th grade 
students of public senior high school in Bukittinggi. The 
sample selection technique uses random sampling. 
 
Procedure 

The instrument development stages include 
preliminary studies, determining development 
objectives, writing grids, writing instrument items, 
determining theoretical validity, revisions, instrument 
testing, instrument item analysis, interpretation of 
instrument implementation score results. 
 
Data, Instruments, and Data Collection Techniques 

The data obtained is quantitative data (student 
scores resulting from empirical tests) and qualitative 
data (results from content validation). Data collection 
techniques used test and non-test techniques. The data 
collection instruments were an instrument validation 
sheet, two packages of question instrument consist of 12 
items open ended question each. 
 
 

Data Analysis Technique 

The results of content validation were analyzed 
qualitatively. The empirical test results were analyzed 
using an approach Partial Credit Model 1-Parameter 
Logistic (PCM 1-PL) pada Item Response Theory (IRT) 
using the program Winstep and Parscale. 
 

Result and Discussion 
 
Initial Product Result 

At the initial stage, assessment planning is carried 
out, consist of a preliminary study and determining the 
objectives of instrument development. Based on the 
literature review, in general the criteria for authentic 
assessment in the cognitive aspect are (1) solving 
complex problems, conceptual thinking and inquiry 
skills, ensuring levels of critical thinking (C4 – C6) are 
engaged, (2) coherence of knowledge and skills and 
resources used, (3) integration of various scientific 
disciplines, connecting with prior knowledge, (4) 
developing 21st century competencies, (5) real context or 
everyday life. 

 
 
 
 
 
 
 

Table 1. Authentic Assessment Indicators 
Cognitive Level Authentic Assessment Indicators 

Analyzing (C4) Apply the knowledge to analyze phenomena in everyday life. 
 Investigate an event and relate it to the knowledge gained 
 Compare situations based on observations and knowledge gained 
Evaluating (C5) Proving that a phenomenon is in accordance/not in accordance with the knowledge held. 
 Formulate the conclusion of a discourse related to phenomena and organize it to answer questions. 
 Critical thinking in considering a term/statement based on examples in everyday life. 
 Evaluate alternative problem solving strategies and solutions 
Creating (C6) Combining the data or information obtained to create statements that represent more general 

relationships and broader terms that apply (resuming). 

 
Instrument construction is carried out based on the 

results of assessment planning, including writing 
instrument grids and writing instrument items. 
Indicators of authentic assessment instruments in the 
cognitive aspect can be seen in Table 1. The instrument 
design was then validated in content with material 
experts, instrument development experts, and 
practitioners or teachers in schools. Validation was 
carried out qualitatively, then the results of the 
validator's corrections were revised for empirical 
testing. 
 
 
 
 

Empirical Product Test Result 
Analysis of Prerequisite Assumptions  
Unidimensional Test 

To test the adequacy of the sample size, the Kaiser-
Mayer-Olkin Measure of Sampling Adequacy (KMO-
MSA) test was carried out. A KMO test value > 0.6 
indicates a sufficient sample size (Shrestha, 2021). The 
closer the KMO test value is to 1, the more ideal the 
sample size is. Bartlett's test is indicated by a small 
significance value (usually smaller than 0.050) which 
shows that the correlation matrix is identical to the 
identity matrix (Bartlett, 1951). The KMO and Bartlett 
tests using the SPSS 16.0 program are shown in Table 2. 
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Table 2. KMO-MSA and Bartlett Test Result 
Kaiser Mayer-Olkin Measure of Sampling 
Adequacy 

0.688 

Bartlett’s Test 
of Sphericity 

Approx. Chi-Square 360.894 
df 66 
Sig. .000 

 
Based on the results of the KMO and Bartlett tests 

in Table 2, the significance value is 0.000. It indicates that 
the correlation between variables is zero. The results of 
the KMO and Bartlett tests shows that the sample size of 
155 with 12 items used is appropriate so it can be 
continued. 

 After the KMO and Bartlett tests were carried out 
and it was determined that the sample size was 
appropriate, the anti-image value was also checked. 
Anti-image correlation is a concept used in Exploratory 
Factor Analysis to measure the unique contribution of 
each variable to a common factor. The anti-image 
correlation test results table shows the numbers that 
form a diagonal marked "a”, which denotes the MSA 
figure (Measure of Sampling Adequacy) a variable. The 
anti-image correlation value on the diagonal number 
must be greater than 0.5 (Shrestha, 2021). 

Based on the data in Table 3, the anti-image 
correlation value for items 2 – 12 has a value greater than 
0.5, indicating that this item has variables that contribute 
significantly to the main factor. However, in other 
research it was found that the anti-image correlation 
value is also acceptable if it is greater than 0.4 (Suyanta 
et al., 2020). 

 
Table 3. Anti-Image Correlation Test Result 
Item Anti-Image Correlation Value Decision 

1 0.466 Use   
2 0.676 Use 
3 0.607 Use 
4 0.822 Use 
5 0.747 Use 
6 0.681 Use 
7 0.659 Use 
8 0.801 Use 
9 0.646 Use 
10 0.624 Use 
11 0.698 Use 
12 0.720 Use 

 
Because the results of the KMO and Bartlett tests as 

well as anti-image correlation showed suitable results, 
next factor analysis was carried out for the 
unidimensional assumption. Factor analysis is used to 
identify underlying factors or traits that explain patterns 
or correlations among observed variables (Shrestha, 
2021). The unidimensional assumption can be analyzed 
using the SPSS 16.0 program by looking at the Eigen 

values. Table 4 below shows the Eigen values for items 
1 – 12. 
 
Table 4. Exploratory Factor Analysis Test Result 
Component Total % Variance Cumulative % 

1 2.994 24.947 24.947 
2 1.881 15.673 40.620 
3 1.181 9.845 50.465 
4 1.049 8.743 59.208 
5 0.911 7.591 66.799 
6 0.783 6.521 73.320 
7 0.751 6.262 79.582 
8 0.727 6.059 85.641 
9 0.523 4.356 89.997 
10 0.470 3.918 93.915 
11 0.375 3.123 97.037 
12 0.356 2.963 100.000 

 
The results of factor analysis can also be seen more 

clearly in the scree plot which shows the Eigen value 
graph to identify bent points or breaking points where 
the curve becomes flat. The number of points above the 
curve that is flatter indicates the number of factors that 
need to be maintained (Costello & Osborne, 2005). The 
graph in Figure 1 shows that there are 4 points before the 
flat curve (Eigen value > 1), meaning that there are 4 
factors formed. 

 

 
Figure 2. Scree Plot 

 
Unidimensional test can also obtain from the 

results of the analysis of the Winstep 3.73 program in 
Table 5 which is shown from the raw variance value 
(Eigen Value) with a minimum requirement of 20% 
(Brentari & Golia, 2007); Sumintono & Widhiarso, 2013). 
Based on the following analysis results table, the Eigen 
value of the instrument during the trial was 46.7%. This 
means that this instrument meets the unidimensional 
assumption. The instrument contains only one dominant 
component. If an item does not contain one dominant 
component, then the test cannot accurately measure the 
component being measured (Meijer & Tendeiro, 2017).  
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Table 5. Eigen Value from Winstep Program 
Standardize Residual variance  
(in Eigenvalue units) 

Empirical Modeled 

Total raw variance in 
observations 

43.2 100%  100.0% 

Raw variance explained by 
measures 

20.2 46.7%  46.8% 

Raw variance explained by 
persons 

9.6 22.3%  22.3% 

Raw variance explained by items 10.6 24.5%  24.5% 
Raw unexplained variance (total) 23.0 53.3% 100% 53.2% 
Unexplained variance in 1st 
contrast 

2.6 6.1% 11.4%  

Unexplained variance in 2nd 
contrast 

2.1 4.9% 9.2%  

Unexplained variance in 3rd 
contrast 

2.0 4.5% 8.5%  

Unexplained variance in 4th 
contrast 

1.5 3.6% 6.7%  

Unexplained variance in 5th 
contrast 

1.5 3.5% 6.5%  

Local Independence Assumption 

 
The local independence assumption test states that 

the possibility of a correct answer to a question item does 
not depend on the responses to other question items, 
depending on the participant's ability (Monseur et al., 
2011). Based on Table 6, every value below the diagonal 
line in the matrix is zero. This shows that the assumption 
of local independence in this instrument is met. This 
means that the responses given by participants are 
considered independent compared to others or the 
students' skills in answering questions do not influence 
their ability to answer other questions. 
 
Table 6. Local Independence Assumption Test Result 

 
 
Invariance Assumption of Item Parameter  

To test the assumption of parameter invariance, 
researchers can compare items using different groups 
(Nguyen et al., 2014). In this case the groups are divided 
into odd and even groups. Ideally, the equation of the 

line formed is a straight line with a slope (slope) is equal 
to 1 and the intercept is at 0. This indicates that the item 
parameters (difficulty level, discrimination power, and 
guessing) remain constant across different groups or 
conditions. The linear equation shows the relationship 
between item parameters and latent traits (ability) from 
participants (Nguyen et al., 2014). The results of the test 

for the invariance assumption of item parameters can be 
seen in Figure 2 below. 

 

 
Figure 3. Item Invariance Assumption Test Result 

 
Based on the picture, the two groups are correlated, 

as evidenced by the number of points that approach the 
linear line, so it can be said that the assumption of the 
question item parameters is met. This means that even 
though the instrument product is tested on different 
students, the characteristics of the instrument items will 
not change. 

Test of the assumption of invariance of ability 
parameters is carried out by estimating ability 
parameters for different groups of questions. On the 
graph, a straight-line equation will be formed with a 
slope equal to 1, which shows that the probability of a 
correct response increases linearly along with the ability 
parameter (Galdin & Laurencelle, 2010; DeMars, 2010). 
The results of the ability parameter invariance 
assumption test can be seen in Figure 3. 

Based on the data, it appears that the two groups of 
items are correlated. This can be seen from the trendline 
which forms a straight-line equation with a slope of 1. 

 

 
Figure 4. Ability Invariance Assumption Test Result 
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The trendline in the ability invariance graph shows 
the relationship between an individual's ability and the 
possibility of the individual's correct response to a 
particular item. Thus, the three assumption tests have 
been met, so that the estimation of the item parameters 
can be carried out using Rasch modeling. 
 
Analysis of Question Item Parameters 
Item Fit 

This analysis is seen from the value outfit mean 
square (MNSQ), outfit z-standard (ZSTD), and PT-
measure correlation (Fuady et al., 2023).  

Based on the empirical test results (Table 7), the 
average MNSQ value was obtained he enters 1.01 and a 
standard deviation of 0.28 during testing, which is 
within the accepted criteria. Based on these values, items 
1 (question number 1 package A), 3 (question number 3 
package A), and 22 (question number 10 package B) do 
not meet the criteria outfit MNSQ and outfit ZSTD. Item 
22 also does not meet all criteria. Therefore, items 1, 3, 
and 22 should be deleted from the question instrument. 
 
Table 7. Item Fit Result 

Item 
Question 
Number 

Criteria 

Decision Outfit 
MNSQ 

Outfit 
ZSTD 

PT-Measure 
Corr 

B1 1 paket A 1.68 2.9 0.43 Rejected  
B2 2 paket A 0.74 -1.5 0.62 Accepted   
B3 3 paket A 1.63 3.0 0.47 Rejected  
B4 4 paket A 0.52 -2.3 0.73 Accepted 
B5 5 paket A 0.92 -0.3 0.61 Accepted 
B6 6 paket A 0.93 -0.2 0.67 Accepted 
B7 7 paket A 0.97 0.0 0.50 Accepted 
B8 8 paket A 0.65 -1.9 0.73 Accepted 
B9 9 paket A 1.00 0.1 0.57 Accepted 
B10 10 paket A 0.98 -0.1 0.64 Accepted 
B11 11 paket A 0.91 -0.1 0.52 Accepted 
B12 12* 1.12 0.7 0.53 Accepted 
B13 1 paket B 1.35 1.8 0.37 Accepted 
B14 2 paket B 0.77 -1.7 0.41 Accepted 
B15 3 paket B 1.09 0.5 0.65 Accepted 
B16 4 paket B 0.90 -0.6 0.45 Accepted 
B17 5 paket B 0.66 -1.8 0.55 Accepted 
B18 6 paket B 0.67 -2.5 0.57 Accepted 
B19 7 paket B 0.99 0.0 0.48 Accepted 
B20 8 paket B 1.17 1.2 0.51 Accepted 
B21 9 paket B 1.09 0.5 0.39 Accepted 
B22 10 paket B 1.83 3.7 0.12 Rejected  
B23 11 paket B 1.25 0.6 0.19 Accepted 

 
Item Validity 

The validity of each item can be determined based 
on the results of program analysis Parscale based on the 
graph on Item Information Curve (IIC). A higher 
information value indicates higher psychometric quality 
which contributes to the validity of the assessment 
instrument (Kalkbrenner, 2021; Nguyen et al., 2014;   
(Yang & Kao, 2014). 
 

 
Figure 5. IIC Item 1 

 
Figure 6. IIC Item 3 

 
Figure 4 and Figure 5 are IIC for items 1 and 3 

(questions number 1 and 3, package A). The highest 
peak is in the area of participants with abilities around -
1 (below average). A steeper curve indicates that the 
item provides more information across the range of the 
latent trait (Wood, 2017; Baker & Kim, 2017). More 
informative and precise items better measure 
underlying constructs and contribute to the validity of 
assessment instruments (Yang & Kao, 2014; (Thorpe & 
Favia, 2012). Therefore, the researcher still maintains 
these two items because these questions are said to be 
valid for measuring students' abilities with these 
abilities. 

Point 22 (question number 10 package b) shown in 
Figure 6, has a Gaussian IIC graph which is also good, 
namely it can explore the abilities of participants in the 
medium ability category (ability around +1). Thus, this 
point is also retained. 

 

 
Figure 7. ICC Item 6 

Scaling of the Information axis Item: 1

The axis range is based on the maximum of the information values over all the items

used in the analysis. (Item 23 contains the maximum value in this case)
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There are several reasons why the results of the 
Winstep program analysis are different from the results 
of the Parscale program analysis, such as differences in 
the IRT model, item parameters, data and analysis 
methods, evaluation criteria, operating system, software 
version, and others (McCowan & McCowan, 1999). IIC 
on Parscale program analysis results can provide a more 
comprehensive view of item performance even if it is not 
fit against the Rasch model. 

Point 11 (question number 11 package a) and point 
23 (question number 11 package b) are not good to use. 
The peak of the graph in Figure 8 is when students' 
abilities are relatively high. This is in accordance with 
the level of difficulty of the questions which can be seen 
from output phase 2 (PH2) with value location 

respectively +2.784 and +2.795 which indicates this 
question is too difficult. 

Item 23 has the same question indicators as item 11, 
thus item 11 and item 23 were decided to be eliminated. 
The validator teachers also stated that material about 
redox reaction experiments is never touched on in 
learning because it is also included in the chemistry 
learning syllabus in 10th grade. Based on the results of 

this analysis, it is too difficult for students to gain 
understanding through the discourse and situations 
provided related to the knowledge possessed to prepare 
an experimental design. 

Item 23 (question number 11 package B) has the 
highest peak among the other items, but the peak is in 
the area where the participant's ability is close to 3. This 
means that this item can provide more information, but 
only for students with high ability. Likewise, for point 
11. Thus, there are total of 21 items that are acceptable 
and included in this instrument. 

 
Figure 8. IIC Item 23 

 
Reliability 

Based on analysis using the program Winstep, the 
item reliability value is obtained, reliability person, and 
Cronbach alpha as stated in Table 8. 
 
Table 8. Reliability Test Result 
Reliability Value Category 

Item Reliability 0.96 High 
Person Reliability 0.72 Medium 

On the results of program analysis Parscale, the 
reliability of the instrument in instrument trials can be 
seen in the menu Total Information. In IRT analysis, the 
value of information is reliability while standard error 
Also known as measurement error. Reliability is 
inversely proportional to standard error, the greater the 
reliability, standard error getting smaller (Pratama et al., 
2020). 

 

 
Figure 9. Test Information 

The information value on the graph based on the 
curve intersection point is 3.7 with standard error 0.40. 
Based on this graph, it can be concluded that overall, the 

items in this question are suitable or reliable for 
measuring students' cognitive abilities with abilities 
ranging from -1.67 to +3.2. Apart from that, the question 
is not reliable because the error is high. The highest 
information was obtained with a value of 7.6 at an ability 
of 0.97 or close to 1 and with standards error 0.17, 
meaning that the questions most reliably measure the 
abilities of students with moderate abilities. 

 
Difficulty Level 

The item difficulty level parameter value has a 
range between -2.0 to +2.0 as a standard for determining 
easy to difficult items (Hambleton et al., 1991). The most 
difficult items based on analysis using the program 
Parscale is item 11 with value location +2,784 and item 
23 with value location +2,795. This is in accordance with 
the results of the program analysis Winstep, the most 
difficult question is item 23 with marks measure +2.08 
and item 11, but with value measure +1.44. The easiest 
item is item 13 with value location -1.118 and item 15 
with value location -0.914. However, both are still within 
the criteria values. These results are also in accordance 
with measure order on Winstep where item 13 is the 
easiest item with value measure -1.35 and item 15 has 
value measure -1.25. But point 1 also has value measure 
low (classified as easy questions) with value measure -
1.26 while on program analysis results Parscale mark 
location item 1 is -0.864. Table 21 shows a summary of 
item difficulty levels. 

 

Scaling of the Information axis Item: 23

The axis range is based on the maximum of the information values over all the items

used in the analysis. (Item 23 contains the maximum value in this case)
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Table 9. Item Difficulty Level 
Item Location Value 

(Parscale) 
Difficulty Level 

Measure Value 
(Winstep) 

Difficulty 
Level 

1 -0.864 Easy -1.26 Easy 
2 -0.833 Easy -1.02 Easy 
3 -0.427 Medium -0.83 Medium 
4 1.991 Difficult 0.39 Medium 
5 1.369 Medium 0.33 Medium 
6 0.954 Medium 0.20 Medium 
7 1.878 Difficult 0.83 Medium 
8 0.886 Medium -0.07 Medium 
9 1.469 Medium 0.35 Medium 
10 0.751 Medium -0.20 Medium 
11 2.784 Difficult 1.44 Difficult 
12 1.251 Medium 0.59 Medium 
13 -1.118 Easy -1.35 Easy 
14 1.044 Medium -0.45 Medium 
15 -0.914 Easy -1.25 Easy 
16 0.782 Medium -0.17 Medium 
17 1.660 Medium 0.39 Medium 
18 0.465 Medium -0.35 Medium 
19 1.181 Medium 0.38 Medium 
20 0.243 Medium -0.39 Medium 
21 1.192 Medium 0.19 Medium 
22 1.203 Medium 0.16 Medium 
23 2.795 Difficult 2.08 Difficult 

 
Thus, questions in the medium category have more 

composition. This proves that HOTS questions are not 
always identical with difficult questions. HOTS 
questions are questions that can assess students' abilities 
in analyzing, evaluating and creating based on 
contextual problems and non-routine matters (Widana, 
2017). 

 
Figure 10. Distribution of Number of Items Based on Difficulty Level 

 

Conclusion  

 
Based on the discussion, it can be concluded that (1) 

the authentic instrument developed criteria are can 
assess higher order thinking skills; have coherence of 
knowledge with skills and various scientific disciplines; 
developing 21st century competencies; and involve real 
or everyday life contexts; (2) the characteristic are outfit 
MNSQ is 0.52 – 1.83; outfit ZSTD -2.3 – 3.7; PT value-
Measure Corr is 0.12 – 0.73 and the difficulty level of the 
questions is relatively good with a range of -1.35 to +2.08 
and is dominated by medium category questions; (3) the 

instrument is declared theoretically and empirically 
valid; (4) item reliability is in the high category with a 
value of 0.96 and person reliability is in the medium 
category with a value of 0.72. 
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