ATLANTIS

PRESS Advancesin Social Science, Education and Humanities Research, volume 528

Proceedings of the 7th International Conference on Resear ch, | mplementation, and
Education of Mathematics and Sciences (ICRIEM S 2020)

Assessment Instrument on Measuring Physics Verbal
Representation Ability of Senior High School Students
R Adawiyah '™ E Istiyono!

! Physics Education Graduate School, Universitas Negeri Yogyakarta, Indonesia.
*Corresponding author. Email: awa23795@gmail.com

ABSTRACT

The problem questions used in the physics learning assessment process do not only require the ability of students to
apply concepts only in solving problems. But more than that, these questions measure how the concept can be applied
in various situations, and how students make sense in solving the problems. Representing the same concept and then
conveying it in a different form is the meaning of multiple representations. The ability of multi representation is one of
the most important abilities to be mastered by students. For this reason, this study aims to develop a question instrument
and to determine the characteristics of the verbal representation questions of Physics on Particle Dynamics, Newton's
Law of Gravity, and Work and Energy. A total of 39 verbal representation questions were developed and tested on 322
students in Yogyakarta. The selection of the trial subjects was done by using the purposive sampling method. The steps
for developing the instrument are, (1) Determination of test objectives, (2) Determination of test materials, (3) Designing
test blueprints, (4) Writing test questions based on verbal indicators, (5) Content Validation, (6) Determination test
subjects, (7) test implementation, and (8) analyzing test results. A total of 39 verbal representation questions have been
developed with the format of two-tier multiple-choice questions. Valid items based on the results of content validation
analysis using Aiken's V based on expert judgment and empirically, according to the PCM model. The difficulty index
of all items on the test instrument is in a good category between -0.49 to 1.9. Test questions are very suitable for
measuring verbal representation skills with an ability range of -2.3< 0 < 1.9. The results of this test item analysis can be
used as a guide in assembling and presenting questions to measure the verbal representation ability of high school
students in physics learning.

Keywords: Development of question instruments, verbal representation skills, physics assessment.

1. INTRODUCTION students' mastery of concepts and competencies.
_ o _ _ [91[10][11].

Physics learning is considered to have achieved .
success if students are able to understand concepts, solve . Base_zd on an analy5|§ of the results _Of the.PISA
problems and apply them to everyday life [1][2]. international assessment in 2019 Indonesia received a
Evaluate or reward learning outcomes including efforts low average score on the assessment of science

to improve learning outcomes [3][4][5][6][7]. The competencies [12]. Th_e_results of thi_s study can be a
purpose of the learning assessment is used to determine reference to the low ability to solve science problems of

the extent of the achievement of educational objectives Indonesian students [12]. Physics National Examination
or determine the level of learning achievement that has Results from year to year 46,35 (2917)’ 39,85 (2018),
been set [8][9]. The results of the assessment process in and4_9, 57 (2019) from these data it can be seen that
the form of information and test results are used to Physics gets a low average value from year to year [13].

convey information, as discussion material with students, The low average value of Physics in the national exam
and material accountability to parents to improve shows that the learning objectives have not been reached
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optimally [13]. One of the factors causes the low results
of the two assessments is partly because students are not
skilled enough in working on and completing the test
questions presented in the assessment process
[12][14][15]. PISA questions and National Examination
questions contain components of thinking ability ranging
from high-level thinking ability (HOTS), representation,
problem solving, and reasoning [16][17][18]. The ability
of representation is the basic ability of conceptual and
procedural understanding used in problem solving
[17][19][20][21].

The process of learning physics requires students to
use multiple representations [22]. The use of various
representations is an important component in the
effective learning process in learning physics [23].
Students learn more effectively and meaningfully when
they process and obtain information in various ways
[24][25][26][27]. Verbal or textual representations are
very important in explaining scientific phenomena that
can be conveyed in moresimple and easily understood
language [28][29][30]. Verbal explanations or statements
can be presented in writing or verbally articulated
[31][32]. Physics learning really needs verbal ability,
because the thought process cannot be done without this
ability [33]. If you want to know the representation
ability of students in solving problems in the matter of
representation, it is necessary to develop an instrument to
measure that ability. However, school teachers more
often develop assessment instruments to measure and
train students' high-level thinking skills, assessment
instruments to measure and practice representation skills
are rarely developed [27]. Therefore, it is very important
to develop instruments and know their characteristics in
order to measure and know the abilities of students,
especially the most basic representations namely, verbal
representations as a form of qualitative problem solving
[27]1[30].

2. METHOD

The research aims to develop an instrument physics
verbal representation. The selection of trial subjects was
carried out by purposive sampling method, selecting
respondents with certain considerations. The test
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respondents were students of class X1 MIPA who had
studied the material to be tried out with the developed
question instruments. The research was conducted at
SMA N 8 Yogyakarta, SMA N 5 Yogyakarta, and SMA
11 Yogyakarta. Respondents were 322 students. The
instrument development stage followed the steps of
making the instrument developed [7][27], it can be seen
in Figure 1. The instrument making stage included: (1)
Determination of test objective, (2) Determining of test
materials, (3) Designing off test blue-print, (4) Writing
test question based on verbal representation indicator, (5)
Content Validation, (6) Determination of test subjects,
(7) Tesat implementation, and (8) Analyzing test result.
The test validity phase includes: (1) content validation of
test items and (2) empirical validation test items. The
testing phase of the test includes: (1) determining test
subject, (2) the trial test, and (3) analyzing the results of
the trial [27][34].

2.1 Content validity

The validity of the instrument items was
analyzed from the questionnaire data that had been filled
in by expert validators. The data obtained is in the form
of an assessment of the items with an interval scale of 1
to 4 as well as suggestions and input from expert
validators. The data obtained were analyzed using
Aiken's V formula (Aiken, 1985). The content validation
coefficient obtained was then compared with the content
validation criteria by Aiken (1985). The formula
proposed by Aiken is as follows:

vo 28

V = content validity coefficient

s = r-lo, that r= score given by expert and lo=
lowest score (1)

C = highest score (4).
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Determination of test

¥

| Determinina of test materials |

| Designing off test blue-print |

.

Writing test question based on verbal representation

.

Content Validation

.

Determination of test

«

Test implementation

A 4

Analyzing test result

Figure 1. Steps of Verbal Representation Instrumen Development

2.2 Empirical Validation

The empirical validity of the questions is known
from the fit of the items with the PCM model or what is
called the fit item [1]. 4 categories of polytomus data
from the test results of students were analyzed using the
Quest program. The results of the empirical validity
analysis can be seen in the program output on the value
INFIT mean of square and INFIT t.

Table 1 Value and reliability criteria

2.3. Reliability

Reliability is obtained from the output that displays
the reliability of estimates of the test instrument set.
Reliability estimates according to IRT were calculated
based on the reliability of item estimates (item spacing)
obtained from the Quest program analysis. then matched
with the criteria in Table 1. Following [43]:

Reliability Value (R) Reliability Criteria

R<0.67 weak
0.67 <R <080 enough
0.80 <R <0.90 good
090 <R <094 very good

R>0.94 excellent

The suitability of the items with the abilities of
students at high, medium, and low levels can be seen
from the information function and Standard Error of
Measurement (SEM) [2]. The relationship between the
information function and SEM can be seen from the
Parscale program output.

3. RESULT AND DISCUSSION

3.1 Test Development Result

This verbal representation problem was developed,
total of 39 verbal representation questions with the
format of two-tier multiple-choice  questions.
Distribution of the indicators items is presented in Table
2.
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Table 2 The distribution of items test

Verbal Indicator

Newton’s laws of

motion Indicator

Newton’s laws of

gravitation

Work and
Energy

Verbal

Representasion

Finding concepts
verbally through the
presentation of physical
phenomena, data, and

information presented.

Identify the application
of the principle of
Newton's 1st law (law of

inertia) in everyday life.

States Newton's Law

about gravity.

Formulate the
relationship
between force,
energy, work
and power in a

simple form.

Explain the
phenomenon of
concepts, data, and
information in the form

of words (verbal).

Identifying a concept
from the text (verbal) or
picture explains it in

verbal form.

Identify the application
of Newton's 2nd law in

everyday life.

Analyzing the force of
gravity associated with
the force between two
massy particles and

their application.

Formulating the
concept of
power in the
form of
equations and
their relation to

work and energy

Shows work links
with kinetic

energy.

Interpret the meaning
of a concept in written

form (verbal).

Resolving visual form
problems into verbal

forms.

Identify the application
of Newton's third law in

everyday life.

Analyze the strength of
the gravitational field
and the acceleration of

gravity.

Shows work links
with potential

energy.

Implements the
law of
conservation of
mechanical
energy in daily

life.
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3.2 Instrument Validity
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Figure 2. Infit MNSQ of items

Table 3. Item Estimation Results and Verbal Test Estimates

[tem Parameter Item Estimate Testi Estimate
Mean Value and INFIT MNSQ standard deviation 0.98 + 0.10 1.00 + 033
Average value and standard deviation of INFIT t -0.06 £ 1.10 0.07 £ 0.97
Reliability 0.81

The V'Aiken index value of 39 items is in the range
of 0.85-0.91, then it is included in the Very Hight
classification [35]. The analysis of the result test shows
that the empirical validity of test for each item and for the
whole test can be proven. According to Adam and Khoo
the empirical validity of the problem is determined based
on the goodness of fit of the partial credit model (PCM)
[36]. The item or testi passes and is declared fit with the
MNSQ INFIT range limit from 0.77 to 1.30 [37]. Based

on the provisions of Adam & Khoo and Hambelton, all
test items fit the PCM model [36][37].

3.3 Difficulty Index

The difficulties index of the item is between -0.68 to
0.57. Thus, based on the level of difficulties (-
2.0<b<2.0). The 39 items are categorized good items
from the instruments [37][38]. Figure 3. shows the level
of difficulties in indicators items test.
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Identify and . Solving problems
- Interpretina L
explain in verbal in visual form
verbal form .
form into verbal form
0.32 0.25 0.57

Figure 3. Graphic Result of Difficulty Indexs

3.4 Reliability, Information Function, and SEM

Information

[]
Scale Score

Fugure 4. Information Function and SEM

Frequency

Ability

Figure 5. Histogram capability distribution

The results of the analysis show the reliability value
of the test instrument is 0.81, the reliability results meet
the requirements of a good instrument [43]. Information
and SEM relationship curves obtained are inversely
proportional. The higher the SEM, the lower the
information function will be, the lower the SEM, the
higher the information function will be obtained [37].
The intersection of the curve in Figure 4 shows the
suitability of the test developed for participants with
abilities of around -2.7 <6 < 1.6. While the distribution
index histogram is difficult to see in Figure 5.

3.5 Discussion

The validity of the contents was submitted to two
experts, to ensure each item was appropriate and valid

was used [38][39]. A total of 10 items were validated by
experts and then analyzed, then used as a reference to
revise the problems [1][2]. The validity of this item in
terms of several aspects, namely aspects of language,
aspects of conformity with material indicators and
indicators of verbal representation, fiber construction
aspects of test items. Based on responses and judgments
by 2 expert judges (expert judgment) the V'Aiken index
value of 39 items is in the range of 0.85t0 0.91, then it is
included in the classification of Very Hight or very valid
[35].

The test run was conducted on 322 high school grade
X students in Yogyakarta. Analysis of the test results
shows that the empirical validity test for each item and
for the whole test can be proven. According to Adam and
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Khoo, the empirical validity of the problem is determined
based on the goodness of fit of the partial credit model
(PCM) model [36]. The suitability of the respondents
(testi) to the model was carried out to find out the
relationship between the answers and the respondents
with the level of ability to the level of difficulty of the
items. Goodness of fit is known based on the output of
the Quest program by looking at the average value of
INFIT Mean of Square (INFIT MNSQ) along with its
standard deviation (INFIT Mean of INFIT t). Estimation
results obtained can be seen in Table 3. Verbal
estimation shows the estimated value of items is 0.98
with standard deviation 0.10 and estimated testies are
1.00 with standard deviation 0.33, the average value of
INFIT t items is -0.06 with standard deviation 1.10 and
testi 0.07 with standard deviation 0.97. In addition, in
both of them there were no respondents who got a score
of 0 (zero) or a perfect score, so that no respondents were
discarded. In the Quest program it is determined that an
item or testi / case / person passes the goodness of fit test
if the average value of the MNSQ INFIT is around 0.77
to 1.30 [35][36]. Then the average value of INFIT t is
around £ 2 (rounding from + 1.96) because it uses an
error or alpha of 5% [38][39]. Therefore, all test items
match the PCM model based on the specified Quest
program criteria. The suitability of each test item with the
model can also be seen from the Quest INFIT MNSQ
output, where if the item has an INFIT MNSQ value in
the interval 0.77-1.30 it is said to be fit [36]. This interval
is described as a dotted line that forms two boundary lines
and the item is said to fit if it is between these two lines
[40][41]. The distribution of MNSQ INFIT values can be
seen in Figure 2.

The results of the analysis show the reliability value
of the test instrument is 0.81, the reliability results meet
the requirements of a good instrument. The range of
values for reliability is 0-1. The closer to 1, the
measurement shows consistent results, and vice versa
[39][42][43]. Information and SEM relationship curves
obtained are inversely proportional. The higher the SEM,
the lower the information function will be obtained, and
vice versa [36]. The intersection of the curve at Figure 4
shows the suitability of the test developed for participants
with abilities of around -2.3< 0 < 1.9. The difficulty index
distribution histogram can be seen in Figure 5. The
difficulty index distribution is seen following the normal
distribution.

4. CONCLUSION

Based on analysis of the data, it can be concluded
that:

1. These 39 item verbal representation problems are
developed with the format of two-tier multiple-
choice questions, and indicators of Newton's laws

Advancesin Social Science, Education and Humanities Research, volume 528

of motion material, Newton’s laws of gravitation,
Work and Energy.

The characteristics of test are as follows:

Test items is valid based on contens validity using
Aiken’s V by expert judgment and empirically, fit
witht PCM model.

The difficulty index of all the items in the
instrument test is in good category between -0.68 to
0.57.

The items test is reliable is base on the reliability of
estimate, information function and SEM. The
results of the analysis show that the reliability value
of the test instrument is 0.81, the reliability results
meet the requirements of a good instrument. The
items test is very appropriate to measure verbal
representation ability whose range of ability is from
-2.3<0<1.9.
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