Eiducational
Administration
Theory and Practice

Educational Administration: Theory and Practice

2024,30(4), 3799-3810
ISSN:2148-2403
https://kuey.net Research Article

Analysis of Item Characteristics in Elementary School
Mathematics Reasoning Assessment Using Item Response
Theory with the Generalized Partial Credit Model

Noening Andrijati'*, Heri Retnawati2, Sudiyatno3

*Doctoral Student, Educational Research and Evaluation Study Program, Postgraduate Program, Yogyakarta State University,
Yogyakarta, Indonesia

2Lecturer of Mathematics Education Study Program, Faculty of Mathematics and Natural Sciences, Yogyakarta State University,
Yogyakarta, Indonesia

sLecturer of Mechanical Engineering Education Study Program, Faculty of Engineering, Yogyakarta State University, Yogyakarta,
Indonesia

*Corresponding Author: Noening Andrijati
*Doctoral Student, Educational Research and Evaluation Study Program, Postgraduate Program, Yogyakarta State University,
Yogyakarta, Indonesia

Citation: Noening Andrijati et Al. (2024), Analysis of Item Characteristics in Elementary School Mathematics Reasoning
Assessment Using Item Response Theory with the Generalized Partial Credit Model, Educational Administration: Theory And

Practice, 30(4), 3799-3810
Doi: 10.53555/kuey.v30i4.2129

ARTICLE INFO ABSTRACT

This survey-based research focuses on the analysis of item characteristics in the
assessment of mathematical reasoning among elementary school students,
employing the Item Response Theory (IRT) and the Generalized Partial Credit
Model (GPCM). The findings are as follows: 1) Overall, the knowledge assessment
items are categorized as satisfactory, with discrimination indices ranging from 0.422
to 2.401 and difficulty indices from -1.31 to 0.924 on the logit scale. A single item
requires revision due to acceptable difficulty levels paired with poor discrimination.
The knowledge assessment instrument provides precise information across a skill
range of -2.5 to 1.7, peaking at approximately -0.8; 2) Generally, the skill assessment
items are also rated as satisfactory, with discrimination indices from 0.561 to 1.554
and difficulty indices from -2.335 to 1.808. Three items necessitate corrections due
to unfavorable difficulty levels despite adequate discrimination. The skill assessment
instrument accurately measures abilities within a range of -3.2 to 2.6, with the most
significant information at approximately 1.3; 3) Lastly, the attitude assessment items
are generally good, with discrimination indices from -0.071 to 1.635 and difficulty
indices from -0.588 to 1.273. Three items require adjustments due to poor difficulty
levels, despite satisfactory discrimination. The attitude assessment instrument
effectively gauges the range of -1.75 to 2.5 in skills, with the highest information
value around o.5. This study underscores the effectiveness of the GPCM in
discerning item characteristics that are crucial for enhancing the assessment of
mathematical reasoning in elementary education.

Keywords: Item response theory, Generalized partial credit model, Mathematics,
Reasoning, Knowledge Assessment, Skill Assessment, Attitude Assessment.

INTRODUCTION

Reasoning is an important aspect in learning mathematics, even it becomes one of the aims of learning
mathematics. As stated in Government Regulation Number 32 of 2013 about National Education Standard,
that the scope of material study of mathematics includes arithmetic, geometry, and algebra aimed to develop
students’ logical thinking and thinking skill. The math learning goal in National Education Standard
corresponding with the general goal of learning mathematics that has been formulated by the National
Council of Teachers of Mathematics or NCTM (2000: 7), includes 1) problem solving skill. 2) reasoning skill,
3) communication skill, 4) connection skill and 5) representation skill.

Several research about reasoning skill of mathematics have been done, both in Indonesia and international
scope. The study of Utari Sumarmo found that the score of students’ reasoning skill is still low, in line with
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the study of Wahyudin (2008) that reveals that one of tendencies causing the number of students is fail in
mastering well the subject in mathematics is the students lack in using the logical reasoning in solving the
mathematics problem given. Similarly, the study of Rifat in Priatna (2003) give the conclusion that the lack
of students’ mathematics skill can be observed from their performance of reasoning, doing error in solving
mathematics question is due to their error in using reasoning. The founding of these research result shows
the low of students’ reasoning skill effects on the weak mastering in mathematics content.

One of the studies of international level about the reasoning skill of mathematics has been conducted by the
institution study The Trends in International Math and Science (TIMSS) that hold the survey to monitor the
students’ mathematics and science achievement of fourth grade of elementary school (age 9 to 10 years old)
and second grade of junior high school (age 13 to 14 years old) all over the world. TIMSS is a continued study
and conducted in every four years. This study is a long series of the study conducted by International
Association for the Evaluation of Educational Achievement (IEA) to assess the achievement in education.
Indonesia has participated as a participant in TIMSS in five times, such as in 1999, 2003, 2007, 2011 and
2015. On the TIMSS maintenance in 1999. 2003. 2007 and 2011 Indonesia includes the second-grade
students of junior high school. Meanwhile, in 2015, Indonesia includes only the fourth-grade students of
elementary school (Mullis & Martin, 2014).

The using of the right assessment model will really determine the success in access the information relating to
the learning process. The selecting of assessment model should be based on the information target that have
to be achieved. The information mean is the result of learning outcome achievement that achieved by
students. Stiggins (1994: 67) propose five learning targets that is proper to become the basic in determining
the kinds or model of assessment that will be used by the teacher. The five-learning target is corresponding
with the domain measured in authentic assessment and competency of 215t Century, such as 1) knowledge, is
content of subject that should be mastered by students that covers the knowledge and understanding; 2)
reasoning, is a skill in using the knowledge and understanding to find and solve the problem; 3) performance
skill, developing of attitude or the process of skill; 4) product, is a skill to make a real product that meets the
certain standard; 5) dispositions, is the development of attitude, motivational interests and intentions
supporting the successfulness of students learning at school. Therefore, reasoning includes, or mathematics
reasoning is one of the learning targets from authentic assessment. The assessment of mathematics reasoning
can use various assessment technique used in authentic assessment.

Several research about authentic assessment in learning mathematics have been conducted. Sujaya, Suarni,
dan Candiasa (2013) have conducted the researching producing finding that the learning model of authentic
assessment and achievement motivation has significant effect to the result of learning mathematics on fifth
grade students of elementary school. The finding gives the implication that learning model of authentic
assessment needs to be considered in the process of learning mathematics and the implementation of
performance assessment should consider the students’ high motivation. This result of research gives the
strengthen that the authentic assessment model is needed and relevant to be applied in learning mathematics
at elementary school.

The study of Badrun Kartowagiran & Amat Jaedun (2016: 139) and Rivo Eka Yuda (2016) show the similar
result of study. Badrun Kartowagiran and Amat Jaedun (2016: 1 & 39) give a conclusion on the research that
the teacher (implementing authentic assessment) still needs the improvement and the quality of authentic
assessment implementation in junior high school and needs improvement. Outline, the conclusion is based
on the condition that: 1) the assessment design stated in lesson plan is still deficient, 2) there only few teacher
conducting the assessment of attitude, assessment that is integrated with learning and continued; 3) all
teachers do the assessment technique of knowledge and almost all teachers do the assessment technique of
skill, but it is not variative. Meanwhile, the research conclusion from Rivo Eka Yuda (2016: 10-11) state that
assessment of work method made by elementary school teacher is still in the form of a written test and
assignment sheet. These both research results indicate that it needs the improvement of the quality of
authentic assessment implementation in school, mainly about the variation technique or instrument used to
measure the three domains of assessment (knowledge, skill and attitude).

Sri Wardhani (2010) confirm that there still many teachers that have been not skilled yet in developing the
assessment instrument of learning result. Besides that, teachers tend to develop the assessment instrument
with objective question form or essay question that usually used in test activity by written test technique.
Teachers are not accustomed to developing the assessment instrument by using complex written test
technique or not written test technique for instance performance test or project assignment. Moreover,
teachers also have not been optimal in developing the assessment instrument oriented in mathematics
subject goal, as well as the learning standard and mathematics assessment standard. The conclusion based on
the result of observation in training activity or Subject Teacher Conference facility.

An essay test or assignment to measure students’ performance in the dimension of knowledge and skill in
mathematics learning assessment is usually arranged by using response model more than two categories
(polytomous). Polytomous scoring means that assessment instrument in the form of essay test or assignment
can give more information about item question characteristics and students’ ability, therefore it could draw
unilinear relationship between the participant of the test and skill 8 and the probability of the test participant
answer the item response in certain category. Therefore, the researchers used Item Response Theory (IRT).
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Item Response Theory basically comes to improve the weakness in classical test theory which is group
independent and item independent. In classical test theory, discrimination index, difficulty level and
coefficient of reliability of the test depend on someone doing the test, besides it is affected by the question or
item (Samsul Hadi, 2013: 10). Meanwhile, IRT build a model that connect the characteristics of item with
participant’s characteristics. For clearer, Item Response Theory is a theory how variable people and item
determine the response data when someone answers the item (Umar, 1999). Item Response Theory has an
excess compared with classical test theory, such as 1) it does not depend on group independent, 2) the score
describes individual’ skill of the test participant, 3) it emphasizes on the level of item not the test, 4) it
requires the proper size for every score of ability, and 5) it does not need parallel test in determining the
reliability (Hambleton & Jones 1993).

The development of probability function IRT model in dichotomous score used logistic function that consist
of a) model 1-P with the parameter of difficulty level, b) model 2-P with the parameter of difficulty level and
discrimination level, ¢) model 3-P with the parameter of difficulty level, discrimination level and guessing.
Meanwhile, the Item Response Theory polytomous that is known such as Nominal Response Model (NRM),
Rating Scale Model (RSM), Partial Credit Model (PCM), Graded Response Model (GRM) and Generalized
Partial Credit Model (GPCM) (Demars, 2010: 22; Retnawati, 2014: 32).

GPCM is an elaboration from Partial Credit Model (Muraki, 1999). In GPCM, the difficulty level of each step
is calculated to estimate the participant’s ability. Scoring is not conducted directly, but by using certain
methos after the estimation of item parameter is conducted. GPCM is a general form of PCM, stated in the
form of mathematical that called as the function of Item Response category (Muraki & Bock, 1997:154;
Retnawati, 2014:).

Based on the background of the study, this research focuses on the analysis of item characteristics of the
assessment instrument of knowledge, skill and attitude by Item Response Theory Approach and by GPCM
model.

RESEARCH METHOD

This research is survey research, i.e., collecting the data from a group, in this case is students, and the data is
analyzed to find out the quality of item of assessment instrument of knowledge, skill and attitude.

This research is started from arrangement of test specification, indicator and item based on the construct
theory that has been done. Then the instrument that has been arranged, made content validation of
instrument, where the result of validation in each aspect of assessment is presented on the table below.

Table 1. The Calculation Result of Index V Aiken of Assessment Instrument of Knowledge
Kinds of instrument | Number of item | The Average of Index Aiken v | Explanation
Knowledge Assessment | 9 0,876 Valid
Skill Assessment 12 0,875 Valid
Attitude assessment 15 0,881 Valid

The result of content validation is obtained based on the experts’ assessment to the assessment instrument of
mathematics reasoning skill developed (draft 1). Each expert gives assessment about content representation
using validation sheet that has been prepared in each item test of assessment instrument. Index of validity is
calculated to notice the consistency between validators by using the formulation of index Aiken V (Allen,
1985; Kumaidi, 2014; Heri Retnawati, 2015:18). The assessment used sale 4 (1 to 4) and calculated with the
formulation (1) in section II before.

Table 1 is a table of calculation result of index V Aiken average in each assessment instrument. Table 1
indicates the attitude assessment that consist of nine items that have index Aiken V average which is 0.876.
In the assessment instrument of skill that consist of 12 items indicate the result of index Aiken V average is
0.875. meanwhile in the assessment instrument of attitude that consist of 12 items indicate the index Aiken V
average is 0.881. of three result show the valid description in each instrument.

The reliability of assessment instrument based on internal estimation consistency with coefficient Alpha from
Cronbach (Cronbach’s Alpha). The calculation of coefficient reliability Alpha is conducted by SPSS program
version 22. The good criteria coefficient reliability is > 0.7 (Nunnaly, 1981: 245. Meanwhile, Ebel & Frisbie
(1991: 86) state that if the test is used as standard test, the coefficient reliability should be between 0.85 —
0.95, while if it used for classroom assessment > 0.65. the result of estimation of reliability can be viewed on
the table 2 bellow.

Table 2. The Result Of Reliability Estimation of Assessment Instrument
Reliability Coefficient

Construct Reliability | Cronbach’s Alpha
Knowledge 0,93 0,986

Skill 0,96 0,978

Attitude 0,98 0,747

Dimension of Assessment Instrument
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Based on the table 2, it is found that coefficient of Cronbach’s Alpha for assessment instrument of skill
reasoning of knowledge dimension is 0.968 > 0.7, so it can be stated that the instrument is reliable and
considered having good consistency. This case shows that coefficient of Cronbach’s Alpha for assessment
instrument of reasoning skill dimension is 0.978 > 0.7, so it can be concluded that the assessment instrument
of skill is reliable and considered having good consistency. Meanwhile, the coefficient of Cronbach’s Alpha for
assessment instrument of reasoning skill in attitude dimension is 0.747 > 0.7, therefore it is concluded that
assessment instrument of attitude is reliable and considered having good consistency. The decision of this
analysis result is based on the category of Cronbach’s Alpha reliability and good criteria of reliability
coefficient which is minimum 0.7 (Nunnaly, 1981: 254).

From the table 2, it can be found out the quantity of reliability coefficient from assessment instrument of
knowledge, skill and attitude. The coefficient of construct reliability of assessment instrument of knowledge,
skill and attitude is in a row 0.93, 0.96, and 0.98, as well as of the three is > 0.7, therefore it can be concluded
that the assessment instrument of reasoning skill of knowledge, skill and attitude dimension is reliable and
having good consistency.

After found out how the validity of instrument content and the result of estimation of reliability, the next step
is evaluating the instrument to find out the item characteristics. The characteristics of item question of
assessment instrument of mathematics reasoning skill of knowledge and skill dimension is determined by
using IRT approach of Polytomous GPCM model help program R MIRT package. The information obtained
through this analysis includes item parameter estimation, ability (0), curve of item characteristics, curve of
item information and assessment instrument as well as standard error of measurement.

RESULT OF RESEARCH

Assessment Instrument of Reasoning Skill of Knowledge Dimension

The result data of mathematics reasoning skill measurement that will be analyzed by IRT model GPCM, first
conducting the item fit examination. Item fit examination is used to find out whether 9 item question
developed is fit with the GPCM model or 2PL used. The summery of analysis result of item fit for assessment
instrument is presented on table 3 below.

Table 3. The Result of Item Fit Test of Knowledge Assessment Instrument

x2 (Chi-Square) .
Item Statistics |[Df RMSEA |p- value Explanation
1A 33,363 33 0,009 0,450 Fit
2A 19,724 23 0,000 0,658 Fit
3A 12,385 13 0,000 0,496 Fit
1B 26,077 19 0,054 0,128 Fit
2B 25,676 38 0,000 0,936 Fit
3B 33,915 23 0,061 0,066 Fit
1C 38,664 28 0,055 0,086 Fit
2C 14,637 15 0,000 0,478 Fit
3C 13,759 17 0,000 0,684 Fit

The match of item question can be viewed from the value of p (p-value). If p-value the result of analysis is >
0.05, so the item fit with the model used. Based on the analysis result of item fit on the table 40 and the
criteria of item fit, it can be found that all items have p- value > 0.05. Therefore, it can be concluded that all
item of assessment instrument of reasoning skill of mathematics in knowledge dimension is fit with the
model 2PL used. The measurement model of assessment instrument of reasoning skill in knowledge
dimension is presented on the figure 1 below.
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Figure 1. Measurement Model of Knowledge Assessment

After all item is stated fit with the model, next is conducted the item parameter estimation of knowledge
assessment. Item parameter estimation is conducted to find out the quality of item question. Item parameter
estimated includes the difficulty level (bi) and discrimination (ai). the summary of item parameter estimation
result of knowledge assessment is presented on table 4 below.

Table 4. The Result of Item Parameter Estimation of Knowledge Assessment

No. Item Discrimination(a;)|Difficulty Level(b;) Conclusion
(a)) Explanation |(b;) (b.) (bs) (by) Average (b;)|Explanation

1A 0,662 |Good -0,032 [-0,814 [-0,041 (1,75 0,21575 Good Good

2A 1,616  |Good -0,71 |-0,076 (0,447 [1,342 0,25075 Good Good

3A 1,596 |Good -1,562 |-2,011 [-0,917 |-0,748 -1,3095 Good Good

1B 1,587 |Good -0,955 [-0,152 |-1,036 |0,114 -0,50725 |Good Good

2B 0,422 |Good -1,742 |-1,744 10,335 0,381 -0,6925 Good Good

3B 1,451  |Good -1,586 |-1,177 |-0,236 |0,221 -0,6945 Good Good

1C 0,79 Good -1,133 [-0,447 (0,511 (1,286 0,05425 Good Good

2C 2,401 [Bad 0,432 (0,76 1,059 1,445 0,924 Good Corrected
3C 1,542 |Good -2,37 |1 -0,652 |-0,822  |-1,211 Good Good

The data on the table 4 shows that 8 (item number 1A, 2A, 3A, 1B, 2B, 3B, 3A, and 3C) have discrimination
index in range o0 — 2, therefore it can be stated that of 9 items have good discrimination. Meanwhile, item 2C
has discrimination index, which is 2.401, the discrimination is out of range 0-2, therefore it can be stated that
the item is bad. The difficulty level in table 41 is showed by 4 categories such as b1, b2, b3, and b4. The
difficulty level in each category gives different result, but if it is viewed based on the average, it seems that all
items have difficulty level in range -2 - +2. Therefore, it can be concluded that all items question has good
item test category.

Referring to the analysis result of discrimination and difficulty level estimation of item can be understood
that all items have good difficulty level and discrimination except item 2C. item 2C has good difficulty level
but bad discrimination. Based on the result, it can be conducted the improvement in item 2C (Number 2 in
Basic Competency 3.7.)

The strength of an item on the assessment instrument set, selection of test item, and comparison of
assessment instrument set in IRT is explained by the item information function. The item information
function states the strength or item contribution of knowledge assessment instruments in revealing the
developed reasoning skill. Meanwhile, the test information function is the number of the information
function for each item. The value of the information function of the assessment instrument will be high if the
items of instrument arrangement have a high information function. The graph of the information function
and the measurement standard error of the knowledge assessment instrument is depicted in Figure 2 below.
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Figure 2. Graph of Information Function and Error Measurement of Knowledge Assessment
Instrument

Figure 2 shows that the assessment instrument provides maximum value information which is 6.624 in 0 is
about -0.8 and has error measurement which is 0.388. The value of the information function obtained is in
the range of -2.5 to +1.7. This case indicates that the knowledge assessment instrument is suitable for
students with abilities from -2.5 to +1.7 (low to high ability).

Assessment Instrument of Mathematics Reasoning Skill in Skill Dimension

The data which is in the form of responses to the skill assessment instrument that will be analyzed using IRT
of GPCM model, first checking the Item Fit. Item Fit examination is conducted to find out whether the 12
items question developed is fit with the GPCM model (2PL used). The summary of analysis result of the item
fit for skill assessment instrument is presented in Table 5 below.

Table 5. The Test Result of Item Fit of Skill Assessment Instrument

x2 (Chi-Square) .
Ttem Statistic Df RMSEA ip- value Explanation
1A 8,218 4 0,001 0,084 Fit
2A 10,724 6 0,079 0,097 Fit
3A 3,851 3 0,047 0,278 Fit
4A 5,395 5 0,025 0,370 Fit
5B 1,916 5 0,000 0,861 Fit
6B 9,563 6 0,068 0,144 Fit
7B 8,279 4 0,092 0,082 Fit
8B 1,358 5 0,000 0,929 Fit
9C 11,318 7 0,07 0,125 Fit
10C 5,610 3 0,083 0,132 Fit
11C 2,220 3 0,000 0,528 Fit
12C 9,387 5 0,083 0,095 Fit

The suitability of an item can be viewed from the p-value. If the p-value of the analysis is > 0.05, then the
item fits the model used. Based on the result of the item fit analysis in Table 43 and the item fit criteria, it can
be found out that all items have p-value > 0.05. Therefore, it can be concluded that the overall items of the
mathematical reasoning skill assessment instrument on the skill dimensions is fit with the 2PL model used.
The measurement model of the reasoning skill of assessment instrument on the skill dimension is presented
in Figure 3 below.
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Chi-Square=70.21, df=54, P-wvalue=0.06821, RMSER=0.034

Figure 3. Measurement Model of Skill Assessment

After all the items are stated fit with the model, the next step is to estimate the item parameters of skill
assessment. The estimated item parameter includes the level of difficulty (bi) and discrimination (ai). The
summary of the estimation results of item parameters of the mathematical reasoning skill of assessment
instrument on skill dimension is presented on Table 6 below.

Table 6. The Estimation Result of Item Parameter of Skill Assessment Instrument

Discrimination Difficulty Level Conclusion
Item s s
Explanation |b Explanation

1A 0,678 Good -2,128 Bad/ Low Corrected
2A 1,025 Good -0,146 Good Good

3A 0,561 Good -2,335 Bad/Low Corrected
4A 1,145 Good 1,335 Good Good

5B 1,554 Good 1,234 Good Good

6B 0,858 Good -1,526 Good Good

7B 0,794 Good -0,359 Good Good

8B 0,816 Good 0,589 Good Good

9C 0,604 Good 1,808 Good Good

10C 1,352 Good -1,202 Good Good

11C 0,708 Good -2,277 Bad/Low Corrected
12C 0,591 Good -1,851 Good Good

The data in Table 6 shows that all items (12 items) have discrimination index in the range of 0 - 2, so it can be
stated that all items have good discrimination. According to estimation result of difficulty level item, obtained
information that 9 items question of skill assessment have difficulty index item which is in good category
since they are in the range of -2 to 2, i.e., number 2A, 4A, 5B, 6B, 7B, 8B, 9C, 10C, and 12C. Meanwhile, items
numbered 1A, 3A, and 11C have difficulty index item of -2.128, -2.335, and -2.277. The three items have a low
item of difficulty level category.

Referring to the analysis result of the estimation of discrimination and difficulty level of item can be
conceived that all items have good discrimination and difficulty level except for item 1A, 3A, and 11C.
although the item 1A, 3A, and 11C have bad difficulty level, but they have good discrimination, therefore it will
be conducted the improvement on item 1A, 34, and 11C.

Furthermore, the researcher will reveal the information function of the skill assessment instrument. The
representation of information function of assessment instrument can be observed through the graph of
information function and error measurement on figure 4 below.
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Figure 4. Information Function & Error Measurement

Figure 4 indicates that the skill assessment instrument acquires maximum information which is 3.988 on
theta which is about 1.3 and have error measurement 0.5000. the value of information function obtained is
on the range of -3.2 to +2.6. this case indicates that the skill assessment instrument is suitable for students
with the ability -3.2 to +2.6 or students with low to high skill.

The Assessment Instrument of Reasoning Skill of Mathematics of Attitude Dimension

The data which is the form of response to attitude assessment instrument will be analyzed by IRT model
GPCM, first checking the item fit. Checking the item fit is conducted to find out whether 15 items of statement
developed is fit with the model GPCM (2PL used). The summary of analysis result of item fit for attitude
assessment instrument is presented on the table 7 below.

Table 7. the Test Result of Item Fit of Attitude Assessment Instrument

x2 (Chi-Square) .
Item Statistics df RMSEA ip-value Explanation
Sik_o1 26,663 30 0] 0,641 Fit
Sik_o2 21,315 19 0,031 0,32 Fit
Sik_o03 11,083 18 0] 0,891 Fit
Sik_o4 18,352 16 0,034 0,304 Fit
Sik_o5 24,827 17 0,06 0,099 Fit
Sik_06 13,519 14 0 0,486 Fit
Sik_o7 12,959 20 0 0,879 Fit
Sik_o08 23,566 32 (0] 0,86 Fit
Sik_o9 10,93 9 0,041 0,281 Fit
Sik_10 15,785 15 0,02 0,396 Fit
Sik_11 28,763 26 0,029 0,322 Fit
Sik_12 11,005 14 0 0,686 Fit
Sik_13 22 553 21 0,024 0,368 Fit
Sik_14 26,989 30 (0] 0,624 Fit
Sik_15 23,404 24 0 0,496 Fit

The match of item question can be viewed from p value. If p value of analysis result is > 0.5, the item is fit
with the model used. Based on the analysis result of item fit on table 44 and the item fit criteria, it can be
found out that all items have p value > 0.5.

Therefore, it can be concluded that all items of assessment instrument of reasoning skill of mathematics in
attitude dimension is fit with the model 2PL used. The model of assessment instrument of reasoning skill in
attitude dimension is presented on the figure 5 below.
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Chi-Square=116.15, df=85, P-value=0.05401, RMSEaA=0.038

Figure 5. Attitude Assessment Instrument Model

After all items is stated fit with the model, the next step is estimating the parameter of question item of
attitude assessment. The item parameter estimated includes the difficulty level (bi) and discrimination (ai).
The summary of estimation result of item parameter of assessment instrument of reasoning skill
mathematics in attitude dimension is presented on the table 8 below.

Table 8. The estimation result of Item Parameter of Attitude Assessment Instrument

Ttem Discrimination Difficulty Level Conclusion
(a)) Explanation | (b)) 1 (b)) 2 | (b)) 3 average | Explanation

Sik_o1 | 0,129 | Good -1,35 0,584 | -0,383 Good Good
Sik_o2 | 0,848 | Good -0,036 | 0,281 | 0,123 Good Good
Sik_o03 | 0,982 | Good -1,545 | 2,091 | 0,273 Good Good
Sik_o04 | 1,274 | Good 0,452 | 0,624 | 0,538 Good Good
Sik_o5 | 1,213 | Good -1,712 | 0,897 | -0,408 Good Good
Sik_06 | 1,635 | Good -0,717 | -0,459 | -0,588 Good Good
Sik_o7 | 0,813 | Good -0,92 | 1,296 | 0,188 Good Good
Sik_o08 | -0,071 | Bad/Low -2,456 | 4,299 | 0,922 Good Corrected
Sik_o09 | 1,577 | Good 0,78 1,766 | 1,273 Good Good
Sik_10 | 1,586 | Good -0,115 | 1,093 | 0,489 Good Good
Sik_11 | 0,15 Good -2,719 | 2,905 | 0,093 Good Good
Sik_12 | 1,057 | Good -0,18 2,001 | 0,956 Good Good
Sik_13 | 0,579 | Good 0,14 -1,264 | -0,562 Good Good
Sik_14 | 0,053 | Good -0,469 | 0,027 | -0,221 Good Good
Sik_15 | 0,37 Good -1,666 | 1,924 | 0,129 Good Good

The table above is the parameter estimation result. The table shows good discrimination (a;) except for item
Sik_08. Item Sik_08 has discrimination index which is -0.071 and the discrimination includes in bad
category or low category.

The difficulty level of the item (bi) shows 4 categories of difficulty level, i.e., (bi) 1 and (bi) 2. The difficulty
level of the item in each category shows different results, but if it is viewed based on the average of difficulty
level shows that all items have difficulty level which is in good category.

Based on the table, it can be found that all items have good difficulty level and discrimination, except for the
item Sik_08. The item Sik_08 has bad discrimination but has a good difficulty level. Based on this case, the
item Sik 08 will be corrected.

The data on the table x shows that all items (15 items) have discrimination index in the range of 0 to 2. Except
for the item Sik_08, the item has discrimination index -0.071 or it does not meet the criteria of good
discrimination index. According to the estimation result of difficulty level, obtained the information that 15
items of attitude assessment have difficulty index which is in good category since they are in the range of -2 to
21in all 15 items.

Referring to the analysis estimation result of discrimination and difficulty level, it can be conceived that all
items have good discrimination and difficulty level, except for item Sik_08. Although the item Sik_08 has
bad discrimination, but it has good difficulty level therefore it will be conducted the correction on item
Sik_o08.

Moreover, the researcher will reveal the information function of attitude assessment instrument which is in
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the form of questionnaire. The representation of the information function of assessment instrument can be
observed through the graph of information function and error measurement on figure 6 below.

Information Function & Error
Measurement
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Figure 6. Graph of Information Function and Error Measurement of Attitude Assessment
Instrument

Figure 6 shows that the attitude assessment instrument acquire the maximum information which is 6.863 on
theta which is about 0.5 and have error measurement which is 0.500. the value of information function
obtained is on the range of skill -1.75 to +2.25. this case indicates that the attitude assessment instrument is
suitable for students with the ability -1.75 to +2.25 or students with low to high ability.

DISCUSSION

The initial prototype of MP-KPMO which has been studied qualitatively by experts includes several
components of the model which will be immediately corrected by the researcher. Suggestions and inputs from
experts include reducing the components of the model instrument specification and model syntax, as the
model instrument is already included in the model guide and the syntax is included in the model component.
After the prototype model is improved, then the document is submitted back to the experts as validators.
Experts check whether the improvements have been appropriate with the suggestions and inputs given. After
being declared appropriate, then the experts provide a quantitative assessment.

The improvement of the assessment instrument of mathematical reasoning skill is based on the suggestion
and input given at the stage of expert validation and readability tests. At the validation stage, input and
suggestion include instrument construct improvement, grids, item questions, and scoring guidelines.
Improvement of the instrument items include changing the context and the size of the questions for Basic
Competency 3.9., i.e., a rectangular cat cage 24 cm2 in area is replaced with a rectangular city park with an
area of 48 m2. Changing the location of the image from a position on the right edge to a position in the
middle, the problem in Basic Competency 4.7 is area and circumference of a flat shape on the skill dimension.
Stimulus in the form of donuts was replaced with Bakpia to make it more contextual. In the attitude
dimension instrument, the input and suggestion given by the experts include constructs, instrument grids,
and statement items. The Improvements of instrument grid are in the form of using appropriate terms, which
are familiar with students. Meanwhile, the improvement of items includes item number 1 regarding interest
and item number 13 regarding belief.

The knowledge, skill, and attitude assessment instrument that have been improved were then handed back to
the experts to be checked whether they are appropriate with the suggestion or input that had been given. The
experts provide a quantitative assessment to obtain content validity. After the assessment instrument meets
the content validity criteria, readability tests are then carried out by academics, practitioners, teachers, and
students. The second improvement was made to the assessment instrument based on input or suggestion
from academics, practitioners, teachers, and students. Suggestion or input given, especially regarding the
language in the formulation of questions, both in the dimension of knowledge and skill need to be simplified
and communicated so that they are easily understood by students.

The next improvement was carried out during instrument testing, including the skill assessment instrument
on the knowledge dimension and skill dimension. Referring to the parameter estimation result of the
knowledge assessment instrument item, it is found out that item 2C or item number 2 for the indicator
'making or investigating allegations' in the Basic Competency of data presentation has good difficulty level,
but it has bad discrimination. Furthermore, these items are corrected with an emphasis on discrimination.
Meanwhile, the result of the estimation of discrimination and difficulty level of the skill assessment
instrument item show that items 1A, 3A, and 11C have low difficulty level, but have good discrimination.
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Therefore, improvements are made for point 1A or item number 1 and item number 3 in the Basic
Competency 4.7 which involves indicators analyzing information/data and making or investigating
allegations, as well as item 11C or item number 3 in the Basic Competency 4.11 involving the indicator
'making or investigating allegations'. Improvements are made especially on the stem or subject matter.

CONCLUSION

The analysis result of knowledge, skill and attitude assessment instrument item that have been conducted by
GPCM/2PL approach are as follow.

1.

10.
11.
12.
13.
14.
15.

16.

Knowledge assessment instrument, all items of the knowledge assessment instrument are in good category
with discrimination index 0.422 2.401 and difficulty index -1.31 to 0.924 on the logit scale. There is one
item that should be corrected since it has good difficulty level but has low discrimination. The assessment
instrument provides accurate information in the range of skill -2.5 - 1.7 with the highest information on
skill which is about -0.8.

The skill assessment instrument, in general all items skill assessment instrument is in good category with
discrimination index 0.561 — 1.554 and difficulty index -2.335 — 1.808. There are 3 questions that should
be corrected since they have low difficulty level but have good discrimination. The skill assessment
instrument provides accurate information on the skill range -3.2 — 2.6 with the highest information on the
skill which is about 1.3.

In general, all items of the attitude assessment instrument are in good category with a discrimination
index -0.071 — 1.635 and difficulty index -0.588 — 1.273. There are 3 questions that should be corrected
because they have low difficulty level but have good discrimination. The attitude assessment instrument
provides accurate information in the skill range of -1.75 — 2.5 with the highest information on skill which
is about 0.5.
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