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Abstract. This study aims to develop an assessment instrument to measure the multi-
representation physics skills of senior high school students in grade X on simple harmonic
motion material. The method used is instrument development by Djemari Mardapi, (1)
Determination of test objectives (2) Determination of material to be tested (3) Arrange the test
grid (4) Write item’s Question (5) Validate test item, (6) Determination of Test Subjects (7) Test
Implementation (8) Analyze Test Question. Based on the result validation of two expert
judgement the Aiken’s V index value of 10 items are in the range of 0.85-0.91, according to
Aiken’s V > 0.8 validation included in the very high classification. The level of difficulty in
instrumen is good category between -1.53 up to 1.04. and the instrument reliability of 0.84 the
assessment instrumen multi-representation skills are classified as very high category.
Keywords: instrument, physics, multi-representation

1. Introduction

The purpose of learning physics in senior high school in general is to teach science to students, provide
an understanding of concepts, and a number of skills and abilities that are required to enter higher
education levels and develop science and technology to foster the ability to think that is useful for
solving problems in everyday life [1]. However, physics still gets a bad reputation as a difficult subject
for students in school. Teachers and physicists, in general, have obstacles and problems in trying to
convey physics more meaningfully [2], [3].

Students learn more effectively and meaningfully when they process information in various ways
[4], [5]. In Physics, mastering the concept requires different abilities or ways of understanding or
representation or multi representations in each concept being studied. Using multi-representation of
students is easier in the process of understanding physics in various ways that can affect cognitive
processes in students [5]-[7]. The representations most often used in the physics learning process are
mathematical, drawing, graphic, and verbal descriptions [8], [9]. However, the problem now is the
limited use of multiple representations in the learning process. Textbooks that have become sources of
learning have not contained many strategies and assessments that emphasize the use of multi
representations in a comprehensive manner. This becomes a challenge for a teacher to understand the
representation strategy to students, so that students are proficient in its use and make relations of these
representations comprehensively as an opportunity to understand concepts and communicate them in
the systems and processes of a physical concept [10], [11]. Active student involvement in transforming
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one representation into another is the key to the success of a multi-representation strategy in physics
learning [12].

One of the learning activities that require students to be actively involved is assessment. Assessment
is carried out to measure and observe student activities and progress and to measure students' learning
skills and outcomes [13], [14]. To determine the ability of student representation, it is necessary to
develop assessment instruments that can measure these abilities. The use of multi representations in the
assessment process helps students in solving physical problems [3].

In the assessment process, the instrument used has not been able to measure the ability of the multi-

representation of students. The form of instruments commonly used by teachers in the assessment
process is limited to measuring student knowledge and the indicators used are only referred to thinking
skills [15],[16]. Teachers in schools more often develop assessment instruments to measure and practice
high-level thinking skills of students, penial instruments to measure and practice the ability of
representation are still rarely developed. So that the multi-representation ability of students in problem-
solving cannot be observed properly [11], [17]-[21]
In line with the problems that have been described above, it is necessary to conduct research to develop
instruments that can measure the ability of the multi-representation of students in physics subjects and
to get products in the form of instruments that can determine the profile and ability of students in
representing a physics concept.

2. Research method
This research aims to develop some product [22]. The resulting product is an instrument to measure
students' multi-representation abilities.

This research was conducted at SMA N 1 Banguntapan, Bantul, Yogyakarta. The subjects of this
study were 61 students of class X MIPA 3 and X MIPA 4. The instrument development stage followed
the steps of making the instrument developed by Djemari Mardapi [23], it can be seen in figure 1. The
instrument making stage included: (1) determining the purpose of the test, (2) determination of
competencies to be tested, (3) determination of test material, (4) arrange test specification, (5) writing
test questions according to multi-representation indicators. The test analysis phase includes: (1)
validation of test items, (2) improvement of items and test assembly. The testing phase of the test
includes: (1) determining the subject of the trial, (2) conducting the trial, (3) analyzing the results of the
trial. The example for the test item can be seen in figure 2.
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v

Arrange Test Specification

.

[ Write a Test Questions ]

v

| Validate Test ltems l

| Determination of Test Subject |

I Test Trial Implementation ‘

| Analyze Test Question |

Figure 1. Instrument making steps.
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Multiple representation indicator:

Analyze the question of visual form, solve it in verbal form.
Material Indicator:

Effect of mass on changes in spring length

Questions:

Look at the following three spring images!

e
. E

What causes the change in spring length as shown in the picture, why is the length of each spring
different?

All three springs have the same material

a. Acceleration of gravity which causes the length of the spring to increase.

b. The period of the type of object that is hung on a spring.

c. Wire diameter of the spring material.

d. The mass of the weight is suspended on a spring, which results in greater gravity.

e. Spring vibration period.

Figure 2. An item about multiple representation test.

The results of the instrument content validation by experts were analyzed using the Aiken validation
index. Aiken's validation aims to measure the extent to which items in the instrument meet the specific
purpose of making test items [23]. Analysis of the test items was carried out using the Rasch Model by
Quest to determine the profile of students' abilities. Using Quest as an extension of the Rasch model for
the 1-PL (one parameter) model, we can use samples that are not too large. The specific sample size for
the 1-PL (one parameter) model is the Rasch Model (RM) between 30-300 [24-25]. Item analysis is
performed using the QUEST. The central element of the QUEST program follows the Rasch model
which can be used on data that are given a score of polytomus [26]. Analysis of the items to be done
include the level of difficulty and reliability of the items.

Analysis of the ability of multi-representation of students is done by using SPSS in the form of
descriptive statistics, to describe the existence of research data that has been collected without intending
to conclude in general [27].

3. Results and Discussion
3.1. Test instrument analysis results

3.1.1. Content validity. The content validity is a validation process that is submitted to two expert
judgment to ensure that the items to be used are valid and can measure or reveal a concept [28]. There
are 10 items validated by experts. The validation results are then analyzed and used as consideration in
revising the product. [24], [25]. The interpretation criteria for validation of the contents of the items are
presented in table 1, if the index is less or equal to 0.4, the validation is said to be low or low, 0.4-0.8 is
said to be of moderate validation, and if greater than 0.8 is said to be very high or very valid [29].

The validity of the multi-representation test questions was reviewed based on the suitability of the
material with the indicators, construction questions, and language. Each item is approved based on three
aspects. Based on responses and judgments by 2 expert validators (expert judgment) the Aiken’s V index
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value of 10 items is in the range of 0.85-0.91, then it is included in the very high classification. The
overall index can be seen in table 2.

Table 1. Interpretation criteria for validating item questions.

Validity Interpretation of item validity
V<038 Very High
0.4-0.8 High
V £0.40 Low
Table 2. Item reliability classification.
Reliability Classification
0.80-1.00 Very high
0.60-0.80 High
0.40-0.60 Medium
0.20-0.40 Low
0.00-0.20 Very low

3.1.2. Level of Difficulty. The level of difficulty of the items is an opportunity to correct a problem at a
certain ability level expressed in the form of an index [30]. In the Rasch model, an item is fit if it has an
index value between -2 to 2 (with a chance <0.05) [26-27]. The difficulty level of an item is determined
by the proportion of the number of test-takers who correctly answers an item to all test takers. From the
results of the interpretation of 10 items, the level of difficulty is included in both categories. This is
evidenced by all items fit with the Rasch model because it has a range of values of -2 to 2 which can be
seen in table 3 and graphs of the difficulty level of the items can be seen in figure 3.

Table 3. The result of Aiken validity and item difficulty level.

Item Aiken V Category  Result of Difficulty Level

1 0.91 Very high -0.02
2 0.85 Very high 1.04
3 0.90 Very high -0.78
4 0.89 Very high -0.89
5 0.90 Very high 0.06
6 0.89 Very high 0.31
7 0.85 Very high -1.53
8 0.88 Very high -1.25
9 0.91 Very high -0.58
10 0.92 Very high 0.64
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Figure 3. Item’s difficulty level.
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3.1.3. Goodness fit. Goodness fit testing is carried out on each item as a whole using rules developed
by Adam and Khoo [28]. Goodness of fit is known from the mean value of INFIT Mean of Square
(MNSQ Mean INFIT) along with its standard deviation. Testing the determination of fit items if the
MNSQ INFIT value is between 0.77 to 1.30 [28].

Estimated Value of Item Mean INFIT MNSQ 1.00 with a standard deviation of 0.18 according to the
item fit standard and according to the Rasch model. The higher value more better and gives consistent
results. This result is also determined by the characteristics of the sample. The lower means also more
samples for trials items that do not provide the expected information [32].

Table 4. Goodness fit and reliability analysis results.

No Information Estimasi Item Estimasi Testi
1 Mean IINFIT MNSQ and standart deviation 1.0 £0.18 1.0 £0.26
2 Outfit MNSQ and standart deviation 0.95 + 0.25 0.95 +1

3 Reliability 0.84

3.1.4. Reliability. Reliability allows us to understand some of the results that can be trusted [32]. There
are 61 test data, 10 items with a probability level of 0.5 in accordance with the maximum likelihood
principle obtained reliability values [31], [33]. Based on the results of the analysis, the reliability of the
multi-representation instrument set was 0.84. In accordance with table 2, the reliability value is classified
as a high category. The reliability results can be seen in table 4.

3.2. The results of multi-representation

Analysis of the ability of multi representation of students is done by using SPSS in the form of
descriptive statistics. Descriptive statistics are methods related to data collection and presentation.
Estimated data are variable types, statistical summaries (mean, median, mode, standard deviation, and
so on), distribution, and pictorial representation (graph), without any probabilistic formulas [23], [34]
[35]. The results of the multi-representation capability analysis are described as follows.

3.2.1. Class MIPA 3. Based on table 5 shows the number of respondents (N) or students in class X
MIPA 3 there are 30, of the 30 respondents the smallest value (minimum) is 13 and the largest value
(maximum) is 80 maximum and minimum scores. The average value of 30 respondents (mean) was
50.267 with a standard deviation of 19.511. Table 6 shows the results of Skewness and Kurtosis which
is a measure of data to see whether the data is normally distributed or not. Data is said to be normally
distributed if the value of Skewness and Kurtosis is close to zero [36]. Table 6 shows the Skewness and
Kurtosis values respectively -0.022 and -0.903. This value is close to zero, so the data is normally
distributed. The graph of the distribution of grades for class X MIPA 3 is presented in Figure 4. Table 7
shows the ability of students from the results of the test scores obtained. Table 7 also shows the
frequency and percentage of students who are in the low to high categories.

Table 5. Descriptive statistics for MIPA 3

Lebel N Minimum Maximum Mean Std.Deviation
Score of Class 30 13.00 80.00 50.2667 19.51115
MIPA 3
Valid N (listwise) 30
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Table 6. Skewness kurtosis descriptive statistics.

Lebel N Skewness Kurtosis
Statistic Statistic Std. Error Statistic Std. Error
Nilai MIPA 3 30 -0.022 0.427 -0.903 0.883
valid n
(listwise)
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Figure 4. Graphic distribution of Class MIPA 3.

Table 7. Frequency score of MIPA 3.

Test Score Frequency Category Percentage (%)
13 1 Very low 3.3
20 2 Very low 6.7
26 1 Very low 3.3
33 4 Very low 13.3
40 4 Very low 13.3
46 3 Very low 10.0
53 3 Very low 10.0
60 4 Very low 13.3
66 2 Low 6.7
73 2 Medium 6.7
80 4 High 13.3

3.2.2. Class MIPA 4. Based on table 8 shows the number of respondents (N) or students in class X
MIPA 4 there are 31, of the 31 respondents the smallest value (minimum) is 46 and the largest value
(maximum) is 80 maximum and minimum scores. The average value of 31 respondents (Mean) was
66.58 with a standard deviation of 9.05. Table 9 shows the results of skewness and kurtosis which is a
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measure of data to see whether the data is normally distributed or not. Data is said to be normally
distributed if it has a skewness and kurtosis value close to zero [36]. Table 9 shows the skewness and
kurtosis values respectively -0.482 and -0.628. This value is close to zero, so the data is normally
distributed. The graph of the distribution of grades for class X MIPA 4 is shown in Figure 5. Table 10
shows the ability of students from the test scores obtained. Table 10 also shows the frequency and
percentage of students who are in the low to high categories.

Table 8. Descriptive statistics for MIPA 4

Label N Minimum Maximum Mean Std.Deviation
Score of class 31 46.00 80.00 66.5806 9.05087
MIPA 4

Valid N (listwise) 31

Table 9. Skewness kurtosis descriptive statistics

Lebel N Skewness Kurtosis
Statistic Statistic Std. Error Statistic Std. Error
Score of class 31 -0.482 0.421 -0.628 0.821
MIPA 4
valid n 31
(listwise)
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Figure 5. Graphic distribution of class MIPA 4.
Table 10. Frequency score of MIPA 4.

Test Score Frequency Category Persentase (%)
46 1 Very low 3.3
53 4 Very low 6.7
60 6 Very low 3.3
66 5 Low 13.3
73 12 Medium 13.3
80 3 High 10.0
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4. Discussion

The validity of the contents of the test has been carried out by 2 experts (expert judgment) and is proven
by the results of the Aiken’s V analysis of 10 items in the range of 0.85-0.91, then it is included in the
very high classification. The overall Aiken’s V index can be seen in table 3.

Good items are items that have a moderate level of difficulty so that they are not too difficult and not
too easy for students [37]. The difficulty level b for good items varies between -2.00 to 2.00. Items with
a difficulty level of -2.00 mean that the item is very easy, while a value of 2.00 means that the problem
is very difficult [26-27]. Based on the results of the analysis of the level of difficulty items that have
been developed belong to both categories because it is in the range of -2 to 2. This is evidenced by all
items fit with the Rasch model because it has a range of values of -2 to 2 which can be seen in table 3
and graphs item's difficulty level can be seen in figure 3.

The result of goodness fit, the item has an INFIT value of MNSQ 1.00 with a standard deviation of
0.18 which is located between the item acceptance limits or fit according to the Rasch model (between
0.77 to 1.30) means that all items are 10 items fit and can be accepted. The reliability of the multi-
representation test is quite high at 0.84 which confirms that the measurement results with this instrument
are reliable. Tests that have a reliability coefficient of at least 0.80 testing results with these tests can be
used to make decisions about individuals [38],[39].

The role of multi representation in the learning process helps in the process of solving problems
(problem-solving) better [22],[40],[41]. Several studies in physics learning show that multi-
representation significantly impacts student learning outcomes [13], [22], [42]. The results obtained
from 61 students there are 7 students have high multi-representation ability, 14 students have medium
multi-representation ability, and 40 students have low multi-representation ability. Thus, this instrument
can be used to measure and explore information about the ability of multi-representation physics in high
school students.

5. Conclusion

Based on the results of the study it can be concluded: (1) the multi-representation instrument was
developed in the form of multiple choice in the representation of verbal, images, and graphics for simple
harmonic motion material. (2) the multi-representation instrument has fulfilled the content validity of
expert judgment and has obtained empirical validity. (3) The level of difficultyin in instrumen is good
category between -1.53 up to 1.04. and the instrument reliability of 0.84 the assessment instrumen multi-
representation skills are classified as very high category. The results obtained from 61 students there are
7 students have high multi-representation ability, 14 students have medium multi-representation ability,
and 40 students have low multi-representation ability. Thus, this instrument can be used to measure and
explore information about the ability of multi-representation physics in high school students.
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