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Preface

Bless upon God Almighty such that this proceeding on 3™ International
Conference on Research, Implementation, and Education of Mathematics and
Sciences (ICRIEMS) may be compiled according to the schedule provided by the
organizing committee. All of the articles in this proceeding are obtained by selection
process by the reviewer team and have already been presented in the Conference on
16 — 17 May 2016 in the Faculty of Mathematics and Natural Sciences, Yogyakarta
State University. This proceeding comprises 9 fields, that is mathematics,
mathematics education, physics, physics education, chemistry, chemistry education,
biology, biology education, and science education.

The theme of this 3™ ICRIEMS is ‘The Global Challenges on The
Development and The Education of Mathematics and Science’. The main articles in
this conference are given by six keynote speakers, which are Prof. Allen Price, Ph.D
(Emmanuel College Boston USA), Ana R. Otero, Ph.D (Emmanuel College Boston
USA), Dr. Michiel Doorman (Utrecht University, Netherlands), Prof. Dr. Marsigit,
M.A (Yogyakarta State University), Asst. Prof. Dr. Warakorn Limbut (Prince of
Songkla University, Thailand), and Prof. Dr. Rosly Jaafar (Universiti Pendidikan
Sutan Idris, Malaysia). Besides the keynote and invited speakers, there are also
parallel articles that presented the latest research results in the field of mathematics
and sciences, and the education. These parallel session speakers come from
researchers from Indonesia and abroad.

Hopefully, this proceeding may contribute in disseminating research results
and studies in the field of Mathematics and Sciences and the Education such that they
are accessible by many people and useful for the Nation Building.

Yogyakarta, May 2016

The Editor Team
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Forewords From The Head Of Committee

Assalamu’alaikum warahmatullahi wabarakatuh
May peace and God’s blessings be upon us all

First of all, allow me to thanks to God, Allah SWT, who has been giving us blessing
and mercies so we can join this conference. Ladies and Gentlemen, it is my great honor to
welcome you to Indonesia, a unique country which has more than 17,000 islands, more
than 1,300 ethnic groups, and more than 700 local languages, and I am also very happy to
welcome you to Yogyakarta, the city of education, culture, tourism, and a miniature of
Indonesia. We wish you be happy and comfortable in attending the conference in this city.

The third International Conference on Research, Implementation, and Education of
Mathematics and Science (ICRIEMS 3™) 2016 is organized by the Faculty of Mathematics
and Science, State University of Yogyakarta. In this year, theme of the conference is : The
Global Challenges on The Development and The Education of Mathematics and Science.
This conference are dedicated to the 52™ anniversary of Yogyakarta State University and to
face challenges of Asean Economic Community in 2016.

This conference facilitates academics, researchers and educators to publish and
disseminate their research in the fields of pure, application and education of Science and
Mathematics. Furthermore, the purposes of the conference are to establish interaction,
communication, and cooperation among academics, researchers and educators at an
international level.

On behalf of the committee of this conference, I would like to express our highest
appreciation and gratitude to the keynote speakers, including:

Allen Price, Ph.D. (Associate Professor of Emmanuel College, Boston USA)

Ana R. Otero, Ph.D. (Emmanuel College, Boston USA)

Dr. L.M. (Michiel) Doorman (Associate Professor of Utrecht University, Netherland)
Prof. Dr. Marsigit, MA. (FMIPA, Universitas Negeri Yogyakarta)

Asst. Prof. Dr. Warakorn Limbut (Faculty of Science, Prince of Songkla University,
Thailand)

6. Prof. Dr. Rosly Jaafar (Faculty of Physics, Universiti Pendidikan Sultan Idris, Malaysia)

nh wh =

Furthermore, we inform you that the papers presented in this conference are about 200
papers from 302 applicants, who come from various countries and various provinces
throughout Indonesia. Therefore, I would like to give my appreciation and many thanks to
the presenters and participants who have been actively involved in this seminar.

Finally, I would like to thank the committee members who have been working very
hard since half a year ago to ensure the success of the conference. However, if you find any
shortcomings and inconveniences in this conference, please forgive us. We would very
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happy to receive your suggestions for improvement in the next conference. Thank you very
much.

Wassalamu’alaikum warohmatullahi wabarakatuh.

Yogyakarta, May 2016

Dr. Warsono, M.Si.



PROCEEDING OF 3" INTERNATIONAL CONFERENCE ON RESEARCH,
IMPLEMENTATION AND EDUCATION OF MATHEMATICS AND SCIENCE
YOGYAKARTA, 16 —17 MmAY 2016

Forewords From The Dean Of Faculty Of Mathematics And Sciences,
Yogyakarta State University

Assalamu’alaikum warahmatullahi wabarakatuh. My greetings for all of you. May peace
and God’s blessings be upon us all.

On behalf of the Organizing Committee, first of all allow me to extend my warmest
greeting and welcome to the International Conference on Research, Implementation, and
Education of Mathematics and Sciences, the third to be held by the Faculty of Mathematics
and Science, State University of Yogyakarta, one of the excellent and qualified education
universities in Indonesia. This conference is also celebrate the 52th Anniversary of State
University of Yogyakarta.

This conference proudly presents keynote speeches by six excellent academics,
these are: Allen Price, Ph.D., Ana R. Otero, Ph.D., Dr. Michiel Doorman, Prof. Dr.
Marsigit, MA., Asst. Prof. Dr. Warakorn Limbut, and Prof. Dr. Rosly Jaafar, and around
200 regular speakers.

The advancement of a nation will be achieved if education becomes a priority and
firmly supported by the development of technology. Furthermore, the development of
technology could be obtained if it is supported by the improvement of basic knowledge
such as mathematics, physics, chemistry, and biology. The empowerment of this
fundamental knowledge may be achieved by conducting research which is then
implemented in developing the technology and the learning process in schools and
universities.

This international conference is aimed to gather researchers, educators, policy
makers, and practitioners to share their critical thinking and research outcomes. Moreover,
through this conference it is expected that we keep updated with new knowledge upon
recent innovative issues and findings on the development and the education of mathematics
and science, which is in accord with the theme of the conference this year. All material of
the conference which are compiled in the abstract book and proceedings can be useful for
our reference in the near future.

This conference will be far from success and could not be accomplished without the
support from various parties. So let me extend my deepest gratitude and highest
appreciation to all committee members who have done an excellent job in organizing this
conference. I would also like to thank each of the participants for attending our conference
and bringing with you your expertise to our gathering. Should you find any inconveniences
and shortcomings, please accept our sincere apologies.

To conclude, let me wish you fruitful discussion and a very pleasant stay in
Yogyakarta.

Wa’alaikumsalam warahmatullahi wabarakatuh

Vi
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Yogyakarta, May 2016
Dean Faculty of Mathematics and Science
Yogyakarta State University

Dr. Hartono, M.Si.
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Abstract—This paper aims to evaluate: (1) feasibility scoring of the modified
multiple-choice test (MMC Test) in polytomous, (2) conformity of generalized partial
credit model (GPCM) as scoring model of the Physics test, and (3) validity of the
MMC Test scored generalized partial credit model as a fair assessment model in
Physics learning. This paper describes the advantages of the modified multiple-choice
test, the application of GPCM on scoring modified multiple-choice test, and the
conformity of scoring of GPCM on the modified multiple-choice Physics test.
Therefore, it can be concluded that: (1) the modified multiple-choice can be scored in
polytomous, (2) generalized partial credit model is a conformable scoring model of
the Physics test, and (3) application of the GPCM on the modified multiple-choice test
is a fair alternative assessment model in Physics learning.

Keywords: GPCM, modified multiple-choice test (MMC Test), assessment models,
and Physics learning

I.  INTRODUCTION

Physics lesson conducted according to Standard Process. Standard Process is a criterion
regarding the implementation of learning in the educational unit to achieve Graduates Competency
Standards [1]. On Curriculum 2013 the task of a teacher is to make Learning Implementation Plan (RPP)
and maximize the learning process. Learning to use a scientific approach to learning is the learning
activities to adopt measures scientists in building knowledge consists of observing, ask, try, reason and
communicate.

To monitor the process, progress, and improvement of learning outcomes of students on an
ongoing basis, the necessary assessments. Educational assessment is the process of collecting and
processing information to determine attainment of learning outcomes of students. Implementation of the
assessment refers to the Education Standards Assessment criteria regarding the mechanisms, procedures,
and assessment instruments learning achievement of students [2]. Rate on the Curriculum 2013 is done in
the form of authentic assessment that an assessment instrument that assesses the start of the input, process
and results (outputs) of learning includes attitudes, knowledge and skills. Assessment technique used
relevant by the scientific learning process, being able to assess the ability of learners in the learning
process and results. In addition, the assessment is an activity of collecting individual data that result
describe its characteristics [3]. Thus, assessment of learning achievement in physics is an assessment of
the results of the learning process of physics which is a number that describes the characteristics of
individual learners.

Assessment should: (1) adopting a form similar to the type of PISA and TIMSS questions to
encourage learning process contribute to the improvement of science literacy of students and at the same
time explore scientific thinking skills, critical, creative, and innovative; (2) emphasize the mastery of
high and low level concept with variations of assessment (multiple choice, multiple choice reasoned, the
description is limited); and (3) introduce the type of questions that tested both nationally and
internationally to students and science teachers [4]. Thus educators need to make an assessment using the
model and type of questions varies. To monitor the process, progress, and improvement of learning
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achievement of students on an ongoing basis, the necessary assessments. Educational assessment is the
process of collecting and processing information to determine attainment of learning achievement of
students. Implementation of the assessment refers to the Educational Assessment Standards criteria
regarding the mechanisms, procedures, and assessment instruments learning achievement of students [2].
Rate on the Curriculum 2013 is done in the form of authentic assessment that an assessment instrument
that assesses the start of the input, process and results (outputs) of learning includes attitudes, knowledge
and skills. Assessment technique used relevant by the scientific learning process, being able to assess the
ability of learners in the learning process and results. In addition, the assessment is an activity of
collecting individual data that result describe its characteristics [3]. Thus, assessment of learning
achievement in physics is an assessment of the results of the learning process of physics which is a
number that describes the characteristics of individual learners.

The test consists of test items. Haladyna [5] says: "A test item is an instruction or quetion that
requires a student response and a rule for scoring the response™. Menururt this definition, that the test
items in the form of a command or a question that requires a response from learners and require a
response menskor rules for such learners. Based on the understanding that the test is a test instrument that
provides stimulus in the form of a command or a question that requires a response from the test
participants. The response generated by the test participants stated in a score that is easy to interpret.

Assessment in education using two kinds of measurement theory, namely: classical measurement
theory and modern measurement theory or item response theory (IRT). Classical test theory (CTT) is also
called the True-Score Classical Theory, Classical Test Theory is named for the elements of this theory has
been developed and applied for a long time, but still survive today [6]. According to the classical theory
of measurement of scoring the test results usually done partially based on the steps that must be taken to
correct an answer items. Scoring is done every step and score each item participant adds a score obtained
by the students of each step, and the ability estimated by raw scores. Model scoring like this is not
necessarily right, because the level of difficulty of each step is not taken into account.

One of the modern measurement theory is GPCM. GPCM is the development of PCM, the PCM
discriminant items constant or 1 while the value GPCM discriminant vary. PCM is also appropriate to
analyze the response to the measurement of critical thinking and conceptual understanding in science [7].
PCM was developed to analyze the test items that require several steps to resolve. GPCM can be applied
to tests done with the steps and clear by the testee. Physics achievement test is a test that is done by exact
steps. Therefore, GPCM is expected to be applied properly.

The fact that multiple choice tests are more widely used than other forms of testing. This is
because the multiple-choice test used to have advantages, among others: (1) the material being tested can
cover most of the learning materials, (2) the students' answers can be corrected easily and quickly, and (3)
the answers to each question is certainly true or wrong, so that an objective assessment [8]. Although
there are also drawbacks to this test, namely: (1) the possibility of learners to guess the answer is still
quite large and (2) the thinking of students can not be seen with the real [8]. In addition, the fact that the
scoring results of a multiple choice test with dichotomous models, meaning that if the item response is
correct was given a score of 1 and if the response is wrong was given a score of 0. Teachers do not use
polytomus scoring models that would be more equitable because it considers the item response measures.
With this dichotomous scoring models have yet to appreciate the steps of problem solving, because with
different error rate to get the same score of 0. As dichotomous scoring models is certainly less fair.

Based on the description above, the need to study the model instrument in the form of a multiple
choice test modified by the model scoring with GPCM. The main issue to be raised in this study were (1)
whether the test model of multiple-choice modified can be scored in polytomus four categories according
to generalized partial credit models and (2) whether the application of GPCM in multiple-choice modified
as an alternative model in the assessment of learning physics effective and fair.

In accordance with the problem to be solved, then the purpose of this paper is to evaluate (1) the
feasibility scoring of the modified multiple-choice test (MMC Test) in polytomous, (2) conformity of
generalized partial credit models as scoring models of the physics test, and (3) the validity of the modified
multiple-choice test scored GPCM as a fair assessment models in physics learning.

Il. DISCUSSION

1. The Feasibility Scoring of The Modified Multiple-choice Test (MMC Test) in Polytomous
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Structure of items’MMC test consists of stem, the option of stem, reason, and the option of
reason. The number of options and choices stem reason each of the five, as Figure 1.

(17530 )
(option of stem) A...

B...

C...

D. ..
(TEASOM) ettt et
(option of reason) A...

B...

C...

D...

Figure 1. Diagram of items’MMC Test Structure

MMC tests that have these structures, then it can be scored with polytomous scale. The number
of selected categories depend on the scoring guidelines. One of the scoring guidelines that can be selected
provisions of each category, as follows.

Category-1: if learners wrong in writing the concepts used and the results are wrong. It is indicated by
the students answer questions one and also one of the reasons

Category-2: if learners wrong in writing the concepts used but the results can be correct. It is indicated by
the students answering questions correctly and grounds wrong

Category -3: if learners correct in writing concepts used but the end result was wrong. It is indicated by
learners answer the question wrong and right reasons

Category-4: if learners correct in writing concepts used and the results are correct. It is indicated by the
students answering questions correctly and reason also true

Thus, scaling tests MMC was created in polytomus with 4 categories, ie 1, 2, 3, and 4.
Characteristics of MMC item test was scored with polytomous 4 categories can be described as the ICC.
Figure 2 illustrates the ICC one item of MMC test.

0.8

0.6

o2] \ |

Probability

Figure 2. ICC’s an item
2. Conformity of GPCM as Scoring Models of The Physics Test
GPCM is the development of PCM. Items’ discriminant of The PCM is held exact or 1 while the

value of items’ discriminant in GPCM vary. PCM is developed to analyze the test items that require
several steps to resolve. GPCM can be applied to tests done with the exact steps.

PE - 27



ISBN 978-602-74529-0-9

Assessing of tests are based on the steps that can be completed examinees. Although only
completed the initial phase alone, examinees are already getting value. The highest value of course
obtained when the examinee has completed all phases of the exam questions in that clause. The
assessment procedure is virtually identical to how individuals respond to the item in the scale of
psychology. For example, an item that provides four categories of responses from 'never’, 'rarely’, 'often’,
and 'always' is analogous to the step of completion of such things stated Figure 3. Complete a matter only
until the first phase is analogous to the category of 'never' while when it came to the final step, analogous
to the category of ‘always'. This assumption was later developed into PCM. When it is assumed that a
point following the pattern of partial credit the higher the ability of individuals are expected to have a
higher score than the individual who has the ability to lower [9]. According to Wright & Masters, PCM is
also appropriate to analyze the response to the measurement of critical thinking and conceptual
understanding in science [7]. Physics achievement test is a test that is done by exact steps. Thus, the
learning achievement tests in physics is perfect score by GPCM.

Figure 3.
The scale interpreting is as the step of completion of the item

Figure 4 describe that the test is appropriate for measuring students’ physics learning
achievement that value from -0.4 to 3.2. This is supported by [10] that modified multiple-choice tests
can be to measure students’ physics learning achievement. GPCM is scoring model has accurate
estimates on the item parameter [11]. Based on the graphs total information function and SEM that the
modified multiple-choice tests can be used to measure students’ physics learning achievement.

Test 1; Name: MMC_TEST

Infarmation
\
Y
10433 piepuelg

3 -2 1 0 1 2

04 scale Score

Figure 4 The MMC Test Total Information Function and SEM
3. The Validity of The MMC Test Scored GPCM as a Fair Assessment Models in Physics Learning
The difference classical from modern theory in educational assessment can be illustrated with
five students A, B, C, D, and E taking the test as much as 5 items with five response type. To simplify the

wrong item was given a score of 0 and a maximum of four given the correct score of 1. Discriminant and
difficulty index 5 items found in Table 1. Response of five students is one item wrong and four items
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correct. If they were scored in classical and modern give different abilities. If classically abilities the five
students at 8 all. It is different if it were scored in a modern (GPCM), five students have different abilities
with greater sequence namely A, B, C, D, and E. Students’ abilities higher if the student is able to do the
item whose difficulty index higher.

Table 1. Discriminant and difficulty index 5 items

Item parameter Item no-
P 1 2 3 4 5
Discriminant 2 1.5 1 0.5 0
Difficulty -2 -1 0 1 2
Table 2. Students” abilities are scored by CTT and GPCM
Student’s Response
Student’s ability A B C D E
01111 10111 11011 11101 11110
GPCM -1 -0.5
CCT 8 8 8

If the score of 1 represents a score of 1, 2, 3, and 4, the five students' abilities would be significantly
different. It is supported by Kortemeyer, the technique is increasingly used in Physics Education, for
example to examine the validity of concept test [12]. Thus, in a modern scoring GPCM is fairer than
classical scoring with a dichotomous scale.

I11. CONCLUSION AND SUGGESTION

Based on the analysis, the conclusions that can be drawn are as follows:
The modified multiple-choice can be scored in polytomous
Generalized partial credit model is a conformable scoring model of the physics test
3. Application of the GPCM on the modified multiple-choice test is a fair alternative assessment
model in physics learning.

N =
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