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The multiple representations ability of students in linear motion
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This research aims to reveal students’ ability to analyze the equation of position versus time, so students can describe quantities of motior
with multiple representations in linear motion. Subjects included 54 students of XI grade from one of the high schools in Pasuruan and
Sumenep Madura. Then three students were interviewed about the difficulties when making representations. The, research instrument wa
an open-ended test of linear motion with reability 0.707. The test instrument is a question in position versus time, and then students are
asked to answer 5 questions by describing the quantities of motion in the representation of tables, mathematical equations, graphs, verba
and motion diagrams. The results showed that students had difficulties describing the quantities of motion with multiple representations. The
most common difficulty is drawing motion diagrams. The study recommended further research using learning-based multiple representations
to improve conceptual understanding.
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1. Introduction vious research also found that students had misconceptions
and had difficulty describing the quantities of motion such
The representation ability is one of the important abilities foras displacement, distance traveled, velocity, and acceleration,
students while studying physics. Representations in physioshich were zero in various representations such as sentences,
can be in the form of verbal descriptions, pictures, diagramsmnotion diagrams, graphs, and pictures [26]. Research about
graphs, computer simulations, and mathematical equatiorthe students’ ability to describe the quantities of motion with
[1-5]. The use of multiple representations can increase stuepresentations in kinematics has been carried out in Indone-
dents success in solving physics problems [3-9] and help stwsia. The research result of Tamyiz, M. Yus@ap,al. (2020)
dents to understand concepts [9-12]. Therefore, knowledgR27] shows that the students’ ability to draw graphs position,
of students difficulties in using multiple representations isvelocity, and acceleration versus time is sufficient. However,
important to identify in order to design appropriate learningresearch on students’ ability to interpret the equation of po-
[13]. sition versus time using other representations has not been
Kinematics is a physics topic that students are required tfound. Therefore, this study aims to reveal students’ abil-
have good representation ability. Some representations thidy to analyze the position-versus-time equation for an object
students must have in kinematics include graphs, diagramsjoving with constant acceleration by using various represen-
and mathematical equations [14]. The ability of students tdations, such as tables, mathematical equations, graphs, ver-
represent the main ideas of kinematics in various represeral descriptions, and motion diagrams. If students’ multiple
tation formats is also needed for further learning of physicsrepresentation abilities are identified correctly, then teachers
For example, to understand the concept of mechanics (thean find out the type of representation that needs to be im-
relationship of force and motion), first, students have to unproved during learning. In addition, interviews were con-
derstand the kinematics concept [15]. Therefore, the abilitylucted to find out the reasons why students had difficulty in
to represent the kinematics is very necessary to make it easigraking representations. The results of this study can be used
for students to learn the next concept of physics. as input for a physics teacher in an effort to improve students’
Previous research has revealed various student difficultiegpresentational abilities through learning physics. The pur-
in solving kinematics problems presented in various formgose of this study was to analyze the ability of students to
of representation. Several studies reveal students’ difficuldescribe quantities of motion with multiple representations
ties in understanding kinematics graphs [16-21] Ceuppengl linear motion. The research queStionS raised are followed.
et al. (2019) [22] found that students had difficulty in deter- 1. How is the ability of students to describe the quantities of
mining the initial position of objects when solving problems motion with multiple representations? 2. What representa-
in the form of mathematical equations. In other representation is most difficult for students to describe?
tions, students have more difficulty solving kinematics prob-
lems in symbolic than numeric representations [23-25]. Pre-
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2. Method

TABLE |. Percentage of categories for each question item.

The study used a survey with a cross-sectional design ap- Item Representations (0) 1) ) (3)
proach. The research data were quantitative and qualitative 1 Table 4 7 59 30
data as supporting data. _ T.he research subjects includeq 54, Mathematics 39 11 50
students of class Xl consisting of 31 students from one high

school in Sumenep and 23 students from one high school in ~ ° Graph 4 69 28
Pasuruan east java for the 2021/2022 academic year. Sub- 4 Verbal 6 70 24
jects consisted of 34 female and 20 male students. Respon- 5 Motion Diagram 52 48 0
dents who were selected had received previous linear motion

kinematics learning.

o © o o

Data were collected by giving a representation ability test3  Regylt
in the form of an open-ended test to the respondents. Respon-
dents completed the test for 25 minutes, then the researchgich representation that students have made is categorized
gave a score using a previously designed rubric. The rubrighto 4, namely missing (0), inadequate (1), needs some im-
consists of 4 categories, namely missing (0), inadequate (1provement (2), and adequate (3). The type of representation
need some improvement (2), and adequate (3). Rubrics wekRat is most difficult for students to make is characterized by
used by two researchers when giving student scores to maihe highest number of students falling into the missing cat-
tain consistency in the scoring. After scoring and groupingegory (0) and the lowest number of students falling into the
categories, 3 students from the missing category (0) with th@dequate category (3). The ability of students’ representation
highest percentage of students were interviewed open-endef linear motion kinematics can be seen from the percentage
to find out the reasons why students had difficulties wherpf students who fall into the category of each representation
making representations. presented in Table I.

The research instrument used was an open-ended test of The research results showed that apart from the table rep-
linear motion with reability 0.707. The test given is in the résentation, there were no students who succeeded in making
form of a linear motion kinematics question with a represen complete representation or were included in the adequate
tation of the equation of position versus time, and then stucategory (3). These results indicate that students have dif-
dents are asked to answer 5 questions using table representigulty describing quantities in multiple representations. In
tions, mathematical equations, graphs, verbal descriptions ¢h€ table representation, 59 percent of the student population
sentences, and motion diagrams equipped with velocity ved¥@s included in the need some improvement (2) category, but
tors. The open-ended test instrument was used because RSt students wrote wrong data. One of the table represen-
respondents had never been challenged to complete the takétions drawn by students in the need some improvement (2)

of making multiple representations. The items used are prekategory is presented in Fig. 1. In Fig. 1, students answer that
sented in the appendix. the position of the car when= 5 s is 22 meters. Meanwhile,

o o _ the exact position of the car whenr=5 s is 27 meters.
Quantitative data were analyzed descriptively. Prior to 1y mathematical representation, 50 percent of the student
quanutatl\_/e analysis, the data collected were scored bas%pulation is in the need some improvement (2) category, but
on & rubric that had been adapted based on the research gf; students do not write vector signs and units of velocity.

Etkinaet al. (2006) [28]. The rubric for assessing represen-rhe mathematical representation of position versus time
tational abilities is presented in the appendix. Answers from

the student’s representation ability test were corrected by two

proofreaders to see the reliability of the rubric used. Stu- | %} (s) X(m )

dent scores for each representation from the two correctors T T iy
were entered into SPSS and then tested for reliability using O Z

Cohen’s Kappa. If the reliability test results compared tothe |~~~ 7 T ey
Kappa criteria are more than 0.70, it can be said that the mea: ‘ ‘‘‘‘‘ 5
surement is reliable [29]. The results of the Cohen’s Kappa | =~ - 2 é

calculation for the assessment rubric for each representatior f=» >« =+«v v vrmevvcrwnaneafonnas T LTI
are 0.716-0.945, so it can be concluded that the rubric instru- 3 \\

ment used is reliable. While the qualitative data were ana-{ ~* """ """ """ T IR SRR
lyzed using the constant comparative method [30]. The anal-\ . . . q NN \ 8

ysis steps are carried out as follows: 1) Coding the reasons §' """"""""""""""""
that students make into a number of categories; 2) Reducing ‘sws———rrrrrrrrr=— - . 2-1

the variety of initial categories into a number of independent

categories. FIGURE 1. Table representation of position versus time.
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FIGURE 5. Motion diagram representation of position versus time.

representation were conducted to find out the reasons why
students experienced difficulty when creating motion dia-
grams equipped with velocity vectors.

4. Discussion

Based on the results of the interview, one of the difficulties
encountered by students was difficulty interpreting the repre-
sentation of motion diagrams. Suci stated that physics learn-
ing was carried out using the lecture method and motion di-
agrams had not been introduced when studying the kinemat-
ics of linear motion. However, Suci is of the opinion that
the velocity versus time graph and the motion diagram are
the same representation. Meanwhile, Ali and Nikmah also
stated that they could not draw motion diagrams because mo-
aqpn diagrams had never been introduced in studying linear
motion kinematics. The interviews resulted in the conclusion

FIGURE 3. Graphical representation of velocity versus time.

described by students in the need some improvement (2) ¢
egory is presented in Fig. 2. - . . .
In the graphic representation, 69 percent of the studené\hat students had difficulty creating representations of motion

population falls into the inadequate category (1). These re- lagrams equipped with velocity vectors because motion di-

sults indicate that half of the student population has difficuItyi‘%?r?;itzdo?ﬁ;:;f;;?}g?}d:éi?o%@ducators when studying

drawing velocity versus time graphs. Most students can de- Based th h Its. student . dif
scribe each axis with a scale, but there are errors in the lo: ased on the research results, stugents experience dit-
cation of the quantities on the axes and the quantities are n ; ul_ty n _descnblng quantities in _”_‘“'“p'e represen_tatlons.
equipped with units. Most students also draw arrows at th otion diagrams are the most difficult representations for

ends of each axis. The graphic representation depicted bzudents to draw. There are several reasons why students

students in the inadequate category (1) is presented in Fig. 'ae;/?o dilg Ic(;tJ Ili%/e;:erigzgnﬂ?r:gza?ilgg rla:ui?stre;[;edseer:l;aﬁg\r/]: r?orlt
In verbal representation, as much as 70 percent of the st%— P . . ' ’ . .

NG X een introduced to motion diagram representations in learn-
dent population is in the inadequate category (1). Most stu-

. ing the kinematics of linear motion. This condition causes
dents only wrote down the car's movements for 5 seconds

with positive velocity but did not write down the value and students to have difficulty interpreting motion diagrams. Stu-

direction of the car's movement. A verbal representation Opents tend to guess the shape of a motion diagram equipped

the movements described by students in the inadequate catW'-th a velocity vector, which is the same as a graph of veloc-

gory (1) is presented in Fig. 4 |%/ versus time. Even though, motion diagrams are different

In the representation of motion diagrams, as many as 4 om velocity versus time graphs, motion diagrams can be

percent of the student population fell into the inadequate Cat_ormed by imagining a moving object being photographed

egory (1), but the majority of students only drew position mo_W|th a camera light flashing at a constant velocity [31].

. . ) : ; Confusion occurs because the use of the word “diagram”
tion diagrams without labels and velocity vector diagrams. A : . ; L
can cause students to interpret motion diagrams as being in

d|agra_m rep_resentatlon of the movements descrlped_ by Stlt'ﬁe form of a bar chart. This research produced a finding that
dents in the inadequate category (1) is presented in Fig. 5. tf}e reason why students had difficulty drawing motion dia-

. T.h c research resultg show tha_1t the_ highest percentag_e ﬁrams was that students had never learned the representation
missing categories (0) is the motion diagram representatio . . . .
of motion diagrams in learning.

at 52 percent. This shows that motion diagrams are the most ; . . . . .
o : : : Second, learning the kinematics of linear motion using
difficult representation for students to draw. Interviews with . : . .
the lecture method is often carried out in schools. This con-

3 students from the missing (0) category of motion dlagramdition causes students to tend to be passive in learning. Based

on the results of interviews, students have never been given
a challenge to complete the task of making a representa-
tion of a motion diagram or other representations in learning.
This causes students to have difficulty describing quantities in
FIGURE 4. Verbal representation. multiple representations. This finding is in accordance with

Wbl bergyevae TClSwa
Bhan vtk nang e S Gg T
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the results of previous research, where students’ fluency in 2. Find the mathematical equation for velocity as a func-

making representations is influenced by students’ experience

of building and/or using representations in solving problems
[32,33]. This research has been able to reveal the representa- -
tional abilities and difficulties faced by students in analyzing
the equation of position versus time and then expressing it
in various other representations. However, this research still
has several shortcomings. First, there are still few respon-
dents. This is because data collection was carried out in the 5.
COVID-19 situation. Second, the question on the represen-
tation of kinematics of linear motion that is tested is only

in the form of position versus time equations, then students
are asked to describe quantities in various other represent
tions. So the representation used in the questions is not ye

4,

tion of time!

Graph the relationship between velocity and time for

the first 5 seconds!

Describe the movement of the car during the first 5 sec-
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onds of movement using words or sentences!

Draw a motion diagram of the car’s position over time
during the first 5 seconds of moving along with its ve-

locity vector!

ﬁ'. Representation ability assessment rubric

varied. Therefore, researchers suggest that it is necessary t representation

(0) Missing

(1) Inadequate

(2) Need Some

Improvement

(3) Adequate

prepare questions in other forms of representation such as ta e
bles, graphs, verbal or motion diagrams, and then students
are asked to describe quantities in other representations. Thi:
research has provided an illustration that to train students to

be able to work with a variety of representations, more ap-
propriate learning strategies are needed.

Does not create
a Table

Make a table, write
physical quantities
correctly but the unit
are wrong or there
are no unit. Some
data is incorrect or
missed.

Make a table, write
physical quantities and
their unit correctly, but
some of the data is
wrong or not answered
correctly.

Or

‘Write all the data
correctly but do not
write or there are errors
in writing physical
quantities and units

Create tables
completely and
without errors.

Mathematics

Does not create

Make

Make

Make

Mathematics representation representation mathematics
5 . ConC|USIOn and recommendatlon Or write the ICl:]l:llﬂﬂﬂﬂcallvaOl\ write R \vilh:nn egors.and
wrong equation  write equality
. . . . equality used
Based on the results of data analysis and discussion, it car o i b g A
be concluded that students experience difficulty in creating problem, input Bl
. . . . ata or concepl physics properly,
multiple representations, but motion diagrams are the most sk Hhwetes fecais
. . . . . . . . . right, eITors in writing vectors
difficult representation to depict in linear motion kinematics. orjust sy
. . . . write down data
Students have difficulty creating representations of motion but not
. . . . W roble
diagrams accompanied by velocity vectors because motion G Does nol e Make | Vke Ve g
diagrams have not been introduced in learning. In addition, L e e e
learning carried out in schools uses the lecture method so tha B el aach
multiple representations have not been taught optimally. This ik it i i
research suggests further research using learning-based mu o e o
tiple representations to improve conceptual understanding, e DO eating label for
multiple representation abilities, and reduce the difficulties Waccordancswifh  anis
experienced by students. Yaribledat
Verbal Makes no Describes physical Describe physical Describe physical
verbal or pl with )i with words ~ phenomena with
. sentence words or sentences or sentences but the words or
but lacks physical hysi ith
Appendix CHCEAE S, prelaeongis  Sompleaen
the wrong concepts correct physical
t:
A Instrument test Motion Does not create ~ Create a motion Create motion diagrams E‘Telzleep ns.\onou
" Diagram a Motion diagram that that contain points, diagrams
Diagram contains scales, physical completely and
. . . { i d ies, and withg S.
The car moves to the right along a straight line for 5 seconds. o e T e
.. . . . . . However, there are However, there is a
Its position as a function of time is given by the equation Creninga  datacrrors or it does  movement flow that is
z(t) = 2 + 2 where x is in meters and t is in seconds. An- g vecorGrecion,  icomplete.

swer the following questions clearly and correctly!

vector length, etc
not accompanied by
quantity

physical

1. Make a data table of the relationship between position
and time for the first 5 seconds!
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FIGURE 6. Representation ability assessment rubric.
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