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Abstract. This research described a competence levels of students on learning natural sciences
in elementary school. Specifically, we measure student’s capacity in understanding of energy
and weather concepts. This research involved 64 students on elementary school. The data takes
from class promotion test with consisting multiple choice questions (MCQ) and Essay Test. Data
analysis was produced using the Partial Credit Model (PCM) Rasch measurement. The Rasch
PCM specifies that each item has its own scale rating structure, so the two test types can be
analysed simultancously. The results showed that in general the students had difficulty to
concluding the observation that the motion of the object was influenced by its shape and size;
and pointed out of the relation between cloud and weather conditions. On the separate part,
students clearly realize how to conserve the energy in everyday life; and interpret the effects of
weather for human life. Furthermore, the MCQ test is problematic than the Essay Test for
students. The average male student has better ability than the female students to comprehend the
learning materials.

1. Introduction

The learning issue of natural sciences in elementary school means to frame up the students' awareness,
understanding, and positive reaction toward the theories of sciences and technology in its function on
daily life [1, 2]. One of the crucial natural science learning materials which demonstrated to students is
energy and weather concepts and their applications. In general, learning the primary concepts of energy
aims to enable students to express the origin of energy, proposition of objects, and their practicality. On
the other hand, learning the concept of weather designs to set up students to define the relation between
climate change, and weather to human life.

Student competencies are defined as the capabilities (cognitive, affective, and psycho-motoric) that
students have after getting school exercises over a time. Student competence in leaming requires to be
a varied thing [3] dealing with competence is the primary reason to evaluate the success of students in
learning. Commonly, learning of natural science becomes more problematic if not justified by teacher
understanding [4]. On the other hand, teachers' ability to assess student learning outcomes is also
fundamental. During this moment, the classical scoring approach (CTT) is so largely applied by teachers
to decide whether students succeed or fail in learning [5]. The CTT approach also remains the primary
benchmark for assessing students capabilities [6]. It is realized that regardless of the form of tests given
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to the students, it should be noticed that the structure of natural sciences learning materials in elementary
schools is complex, and potentially made stressful, frustrating, and causes low self-esteem for students
[7]. Practically this demands that teachers are needed to provide a complete judgment to determine the
proper student's ability and package it measurably to be communicated to affected parties. The clarity
and objectivity of the assessment will support students to determine their learning activities and
encourage teachers to determine proper methods to enhance the quality of learning in the classroom [4].
In the last 30 years the CTT approach has come out to be pulled out by education practitioners because
it consists of many vulnerabilities [8, 9], and less raised measurements that are seen at "objective" [5,
10]. On the other hand, Rasch analysis as an Item Response Theory (IRT) family expanded so rapidly
as a robust approach to examining individual capabilities as latent attributes objectively [11-14]. Rasch
provides a linear measure of measurement in units of Logit [15, 16]. The developing of PCM inspired
from Andrich Rating Scale [17] to determine data with compound scoring patterns [6, 18, 19]. Unlike
the Rasch modeling to the dichotomy and polytomy, the Rasch PCM implementation can draw students'
actual capabilities by combining MCQ and Essay Test simultaneously to provide linear measurements
[16]. The practice of PCM is viewed as an appropriate method of determining students ability [20] and
other educational context. Study conducted by Neumann, and Nehm [21], also Liu, Lee and Linn [22],
[23], shows if Rasch modeling can be used for examined how students, classes, and teacher
characteristics affect student inquiry science learning dan assessment. Furthermore, findings from
Dorfner, Fortsch and Neuhaus [24] confirm if the Rasch PCM can identify of Three basic dimensions
of instructional quality.

This research aims to evaluate (1) competence levels of students on learning of energy and weather
concepts, and (2) the property test of natural sciences (MCQ and Essays) which provided to students in
elementary schools through PCM. It is realized that the use of PCM as a tool for analyzing student
achievement has not been widely used. This paper presents how to implement Rasch PCM in assessing
student learning abilities in Natural Sciences. Expressing competency levels of elementary students can
produce a rich insight for teachers to understand students' learning ability in learning the concept of
energy and weather and its application in everyday life. On the other hand, teachers can also figure out
how the influence of the form and quality of the questions given to the quality of student answers when
the exam is realized.

2. Method

The research covered 64 students of third grade elementary school in Jakarta. Students who are exposed
in this research are students who fully study and pick up the natural sciences test in the academic year
2018/2019. Natural sciences exam material consists of 40 items and sets into 2 types, i.e. MCQ has 35
items and Essay Test has 5 items. Students are allowed 90 minutes to settle the exam questions provided.

Fourthly questions on exam are constructed to evaluate students' competence in working (1)
observation that the motion of the object is influenced by shape and size; (2) a description of the results
of observations about the effects of heat energy, motion, and vibration in everyday life; (3) identification
of energy sources and their practices; (4) understanding the windmill to produce the form of wind energy
can be transformed into motion energy; (5) application of sustaining energy in everyday life; (6)
description of the appearance of the earth's surface in the surrounding environment; (7) an explanation
of the relationship between cloud and weather conditions; (8) description of the effects of weather on
human life, and; (9) identification of human ways of preserving and protecting nature in the
environment.

We explore the student exam results based on the key answers which has been prepared by the teacher
on the MCQ test type, and the estimate rubric on the Essay Test. Datganalysis using PCM was
performed via WINSTEPS 4.1.0 Computer Program of Rasch Model [25]. The results of data analysis
as a whole can be accessed through https://osf.io/2tkvd/ Open Sciences Framework [26]. Furthermore,
all information regarding the students as respondents in this research is credential and is operated
responsibly.
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3. Result and discussion

3.1. Psychometrics properties of natural sciences test: a partial investigation

The first focus on this analysis is to investigating the quality of the tests administered to students.
Estimation of PCM is performed simultaneously with the quality of the global test that consists of
aspects of unidimensional, reliability, and rating structure.

Table 1. Summary of quality of natural sciences test (I=40; N=64).

Estimation (1) Value  Estimation (2) Value
Items reliability 93 Raw var. explained by persons 25.1%
Persons-Items Reliability 98 Raw var. explained by Items 30.0%
Separation Index of Items 3.77 Coherence Measure to Category (0) 70%
Mean Person +1.00  Coherence Category to Measure (0) 57%
Raw variance explained by measures 55.1%  Coherence Measure to Category (1) 77%
Raw var. unexplained by measures 44.9%  Coherence Category to Measure (1) 85%

Based on table 1 indicated the overall quality of Natural Sciences Test is impressive (a = .93). It is also
accompanied by the quality of the interaction between the person and the items as test was applied
reaches the results not much different (o =. 98). Students are prepared to perform the 5 Essay and 35
MCQ test well (+1.00 logit). Relate to the raw variance explained by measures (55.1%), then the test
used was unidimensional (> 40%). Deeply, the accuracy of measurements on a one-time observation or
data collection at both the correct answer (1) and the incorrect answers (0) each show a significant
percentage. However, the ability of items of Natural Sciences Test is only 25% of measuring student's
ability, and 30% of energy concept and measure weather and its application in everyday life. This
reflects that called for improvement against the content material in a test that tested subjects to students.

3.2. Measuring of outlier-sensitive fit on students work and test materials

To measure the competence level of the product, formerly we conclude the investigation of the
consistency of the students when the test held place. It is highly important to separate out which students
actually serious or consistent and which are not consistent in dealing with the test.

Table 2. Students and items outfit (I=40; N=64).

Students # Outfit MNSQ Items # Outfit MNSQ
64P 1.54 E5 2.11
54P 2.44 El 1.46
37L 1.54 S5 1.29
29p 1.71
o1p 2.40
27L 1.65

Refer to table 2 in notice there are 6 students who have expressed a pattern of response did not match
against the test is given. The six students were not prepared to because of its ability to give an answer
being estimated test that did not fit in with their actual abilities (+0.5 < Outfit MNSQ > +1.5). This
happens due to the misconception of students in understanding learning materials or test is given. This
diagnosis be essential so that the 6 students can be handling by the subjects-teachers at school.
Furthermore, the examination was also performed against items used in the test; where this inspection
serves to identify items that are not functioning in the measurement of the test material concept of energy
and weather and its application in everyday life. In table 2 is also learned there are 3 items that outfit
(Outfit MNSQ > 1.26). This means that the 3 items that are less well used to measure students ' ability
in the material test of the concept of energy and weather and its application in everyday life. Students
and items that they would outfit we didn't cover in the next analysis in this study.
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3.3. Competence levels of students on learning of energy and weather concepts

After we reviewed Outfit value on students work and test materials, we return to analysis of 58 student
ability. To show which students have strong and poor abilities, we rank based on the logit person value.
Of the 58 students who picked up the test, we paid attention to students who occupied the top 3 and
lowest positions.

Table 3. Students rank: top and bottom (N=58).

Rank # Students Code Measure Rank # Students Code Measure
1 41P +1.64 56 18P -43

2 21P +1.49 ST 16L -.83

3 36L _+1.49 58 _19p _-1.29

Based table 3 we identified students 41P who have the competence of most high (+1.64 Logits) among
all students who pick up the test. Instead, 19P is a student who receives the lowest competence (-1.29
Logits) among all students who pick up the test. Furthermore, we also investigate of the test material
has the highest and lowest levels of complexity for all student of the test.

26. Awan yang menyebabkan hujan lehat vaitu hujan

a  Stratus ¢ Kumulus
- b. Hitam d Sirus

Figure 1. Item with the highest difficulty levels for all students (Measure = +2.70 Logits).

Pada gambai disamping menunjukan gerak
] '
A:'CE a Jatuh
4 b. Memantul
$.- . c. Menggelinding
) £
am d Berputar

Figure 2. Item with the highest difficulty levels for all students (Measure = +2.70 Logits).

17. Mematikan TV jika tidak ditonton merupan cara menghemat energi. ...
a. Listrik c. Panas
b. Gerak d Cahaya

Figure 3. [tems with the lowest difficulty level for all students (Measure = -4.89 Logits).

Figure 1 (item No. 26) and figure 2 (Item No. 1) is a difficult question to be solved by all students. In
comparison, figure 3 (Item No. 17) is the easiest question solved by all students. If we paid attention to
the level of difficulty to question No. 26 and No. 01 is 3 times higher complex than question No. 17.
This also confirms that the questions in the MCQ formats are more complicated than Essay tests format
for all students. Relates to the Standard Competence of material test, item No. 26 aims to measure
students' ability in interpreting the relationship between cloud and weather. Meanwhile, item No. 01
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aims to measure students' ability in the determining observations that the motion of the objects
influenced by the shape and size. Further, item No. 17 aims to measure students ' ability in how to
applied conserve energy in daily life. Furthermore, the 37 items test given admitted the male students (-
0.12 Logits) has higher ability rather than female students (0.20-Logits).
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Figure 4. Comparison of the male and female competency in each of the items.

More specifically, in the Essay Test (item E2) male students has greater ability than female students.
Instead, on the item E3 female students is greater than male students. The other interesting feature, on
the item E4 students' ability of men and women is the same. Comparison of detailed information on
competence of students both (male and female) in each of the test items are displayed in figure 4.

This research reveals some crucial points on assessing student leamning abilities. The first finding
referred to the test construction of learning outcome is called for to be recovered. Study organized by
Downing [27] reported that poor items that were indicative of a systematic error between the
measurement constructs; possible to affected the instrument's validity and disadvantaged students who
picked up the exam. The second finding, there were 6 students who expressed different responses to the
test. This means that students’ misconceptions related to the material being questioned. In addition, a
good test to measuring students' abilities can also be applied as a tool to identify misconceptions of
students learning. When misconceptions can be found, the teacher can provide assistance to students
[28]. In the third finding, it is unfortunate that students have not been able to recognize the relationship
between cloud and weather, and also the concept of moving objects. Study conducted by Henriques that
normally children in elementary school have different ways to thinking and tend to be naive in
recognizing the nature, weather, climate and atmosphere and also interpreting moving objects [29]. In
this section it Ealso known that PCM can estimate MCQ and Essay tests properly, and maintain
information on differences in abilities between male and female students.

4. Conclusion

This research demonstrated that in general the students had difficulty in concluding the observation that
the motion of the object was influenced by its shape and size; and explained the relationship between
cloud and weather conditions. Instead, an effort to conserve energy in everyday life; and define the
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effects of weather for human life is an aspect that is most easily understood by students. Referring to
psychometrics properties of Natural Sciences Test found that the quality of test items is already
acceptable. However, it still required some improvement to enhance the capability test in order to reach
a stronger measurement attribute. The other interesting thing in this study it was found that male students
had a better ability than female students in completing the exam is provided.
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