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Abstract

A structured and comprehensive understanding of physics concepts is crucial to physics
learning. Such proficiency is characterized by the consistency in students' thought
processes across multiple representations. This research aims to ascertain the consistency
in the thought processes of first-year students when determining distance in multiple
representations. This study employed a descriptive research design with a quantitative-
qualitative approach, involving 77 students as research subjects. The participants are
divided into classes: Class H with 41 students and Class | with 36 students. Data analysis
techniques included quantitative descriptive analysis and Huberman and Miles' analysis.
The research instrument consisted of 28 reasoned multiple-choice items that have
undergone validation. The findings indicate that only 8 (10.39%) students possess a
precise and consistent understanding of the definition of distance, applying it across
various representations. A small proportion (12.99%) experiences misconceptions. These
research findings corroborate previous studies, emphasizing that, in general, first-year
students are novices in physics.
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INTRODUCTION

Structured and comprehensive
understanding of physics concepts that
can be effectively used to solve
problems is crucial in physics education
(Affriyenni et al., 2020; Diyana et al.,
2020; Docktor & Mestre, 2014; Kattayat
& Josey, 2019; Sutopo, 2019). Through
such understanding, the complexity of
natural phenomena can be well-

explained using a small set of physics
laws and principles (Sutopo, 2019). The
infrequent physics laws and principles
compared to the complexity of natural
phenomena trains students to become
accustomed to thinking systematically.
The role of such  conceptual
understanding is essential in physics
education and is a competency that
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every student must possess when
learning physics.
However, ensuring that students

understand concepts correctly is not an
easy task. Previous research results
show conditions where the lack of
learning activities and the minimal use
of new concepts in various contexts
make students' understanding of physics
concepts weak and easily forgotten
(Adha & Tagwa, 2022; Docktor &
Mestre, 2014; Singh et al.,, 2023).
Additionally, one factor to consider is
the tendency of students when
answering  questions. A common
tendency among first-year students is to
use mathematical equations without
understanding the meaning of the
equations  (Gaigher et al.,, 2007;
Ratnaningdyah, 2017). Mathematical
equations are a form of external
representation that contains a lot of
information but has a concise
presentation. A common mistake among
first-year students is the tendency to
"plug and chug,"” matching formulas
with known information in the problem
(Sutopo, 2019).

Four external representations are
commonly combined to help students
construct their conceptual
understanding: tables, graphs, diagrams,
and mathematical equations.
Multirepresentations (varied
representations) are aimed at enabling
students to describe the same
phenomenon in  different  forms
(Masrifah et al., 2020; Munfaridah et al.,
2020). One indicator that students
understand a concept is when they
recognize the same concept in different
representations (Hestenes, 1997,
Munfaridah et al., 2020). The findings
of this research can serve as a guide for
educators in carrying out their role as
facilitators of learning activities.

One fundamental topic that plays a
crucial role in physics education is
kinematics. Kinematics is a topic that
deals with the motion of an object
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without considering its causes (Jufriadi
et al., 2021). Understanding topics such
as distance, displacement, speed,
velocity, acceleration, linear motion, and
projectile motion will be frequently used
in the discussion of subsequent physics
topics such as vibrations, waves,
thermodynamics, electricity, magnetism,
nuclear physics, and solid-state physics
(Syuhendri, 2021). The earliest sub-
topic of kinematics is one-dimensional
kinematics, which discusses the motion

of an object in a straight line.
Understanding  this  topic  will
significantly influence students'
conceptual understanding of more

complex physics topics (Kusairi et al.,
2019). Knowledge related to the
meaning of acceleration as a change in
velocity over a specific period and the
meaning of acceleration as an indicator
of the presence of force is one example
of knowledge carried from the
kinematics topic to Newton's Laws
(Tagwa & Nadhor, 2020).

Although kinematics is crucial for
students to master when learning
physics, some previous studies indicate
that students often struggle to
understand and apply the terms in
kinematics. These challenges include (1)
students' inability to differentiate
between speed and acceleration (Ayop
& Ismail, 2019), (2) distinguishing
instantaneous speed and average speed
(Bollen et al., 2016), (3) describing
motion based on graphs of position,
speed, and acceleration versus time
(Ismail & Ayop, 2016), (4) errors in
interpreting position equations, where
position equations are often mistaken for
displacement equations (Zainuddin et
al., 2019). The impact of these
difficulties can potentially hinder the
formation of concepts in subsequent
topics (Sutopo, 2019).

One factor contributing to the
emergence of these difficulties is a lack
of comprehensive foundational
understanding. Such incomplete
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understanding can potentially lead to
misconceptions (Nadhor & Tagwa,
2020). In this research, "misconception™
is defined as naive thinking consistently
used in various external representations.
However, there is still limited research
specifically investigating the level of
consistency in students' understanding of
the "distance traveled" topic, especially
when presented in multiple
representations. Therefore, the main
focus of this research is to determine the
consistency in the thought processes of
first-year students when determining
distance traveled in multi-
representations. Thus, this study aims to
fill the existing knowledge gap and
enhance our understanding of students'
challenges in determining the distance
traveled.

METHOD
This research is a descriptive study with
a quantitative-qualitative approach. The
research instrument consists of 28 items
of multiple-choice questions  with
explanations that have undergone
validation. These questions cover
various  one-dimensional  kinematics
topics in the form of multi-
representations. This research focuses
on students' responses to the "distance
traveled" topic scattered in items 2, 9,
16, and 23. The representation forms of
these items are presented in Table 1. It is
important to note that other topics are
not the main focus of this research.
Table 1 Mapping of test instrument on
the distance traveled topic

No Question Representations

2 Mathematical Representation

9 Table Representation

16 Graphical Representation (x-t)
23 Motion Diagram Representation

The subjects of this research consist
of 77 students, divided into two classes:
ClassH with 41 students and Class |
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with 36 students. The sampling
technique wused is cluster random
sampling. Classes H and | are

independent and do not influence each
other.

There are two types of data analysis
in this research. Descriptive analysis of
quantitative data is obtained through the
scores of student responses. This data
assesses the student's ability to
determine the distance traveled in multi-
representations. Meanwhile, qualitative
data analysis uses the Huberman and
Miles stages (Miles & Huberman,
1984). Qualitative data is obtained
through students' reasons for choosing
answer options. The results of
qualitative data analysis are then
grouped based on students' thinking
patterns (Ding & Beichner, 2009).

RESULTS AND DISCUSSION
Quantitative Data Results

The ability to determine the distance
traveled in multi-representations is one
of the Course Performance Criteria
(Capaian Pembelajaran Mata Kuliah)
for the Basic Physics | course.
Quantitative descriptive statistical data
on students' understanding of distance
traveled in multi-representations are
presented in Table 2.

Table 2 Descriptive statistical analysis

of student responses when
determining distance traveled
Information Score
Average 37.67
Maximum Score 100.00
Minimum Score 0
Standard deviation 33.60

Based on the data in Table 2, it is
apparent that students' understanding of
distance traveled in multi-
representations tends to be low. This is
indicated by the mean value, which only
reaches 37.67. The percentage of
students answering correctly for each
representation is presented in Figure 1.
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Figure 1 Percentage of students
answering correctly for
each representation

Based on the data in Figure 1, it is
evident that students' ability to
determine the best distance in table
representation is notable. Approximately
51.95% of students answered correctly
in determining distances in Table
representation.  However,  students
struggled the most when determining
distances in motion diagram
representation, with only 27.27%
successfully providing correct answers.

Student  Responses  for  Each
Representation

The outcomes of students' responses
when  determining  distances in
mathematical representation are
presented in Figure 2. Regarding this
instrument, 44  (57.1%) students
demonstrated correct reasoning, but only
23 (29.9%) were able to answer
correctly. In this group, 21 students
made errors in mathematical
calculations and/or misunderstood the
definition of distance. Examples of
research subject responses with correct
reasoning and answers are presented in
Figure 3.

Then, concerning students' response
outcomes when determining distances in
table representation, they are illustrated
in Figure 4. Based on Figure 4, it is
revealed that 39 (50.6%) students
answered with  correct reasoning.
However, two students in this group
made conceptual errors related to
displacement. Examples of research

subject responses with correct reasoning
and answers are presented in Figure 5.
Furthermore, the results of student
responses when determining distances in
graphical representation are presented in
Figure 6. Based on Figure 6,
approximately 33 (42.9%) students
demonstrated correct reasoning.
However, one student from this group
made a mathematical calculation error.
Examples of research subject responses
with correct reasoning and answers are
presented in Figure 7.

Figure 2 Instrument for determining
distance in mathematical
representation (correct
answers)

@ Jarae feonputn

V-dx _2-1 L0

ar t
o = al:t—‘(
O =2k -4
4 =2k

fbgr\mm:.mma)mn =t
ri)= 2% -4(1)
-4 -3
I ]
Jamk tempoh = [ X(o-2) + x (a-3)]
=4 -0\« [z -1
=~ |-4] +lIl = © weter

Figure 3 Thought process and correct
answers of students for
question 2
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Figure 4 Instrument for determining

distance in table
representation (correct
answers)
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answers of students for
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Objects mowve in a straight line with a
position as a function of time according
to the following graph!
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wWith x ~ in meters and t in seconds. The
positive sign (+) on the vector quantity is
agreed as the direction to the right and
the negative sign (-) on the wvector
quantity is agreed as the direction to the
left.

16. The distance traveled by the object in
the first 6 seconds is...

AL 3 meters (13,0%)

B. 5 meters (41,6%)*

C. 8 meters (7,8%)

D. 132 meters (5,2%)

. 20meters (2,6%)

E
F. Others:..... (29,8 %)

Figure 6 Instrument for determining
distance in graphical
representation (correct
answers)
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Figure 7 Thought process and correct
answers of students for
guestion 16

The results of students' responses
when determining distances in the
representation of the motion diagram
over time are obtained, as shown in
Image 8. Students' responses when
determining distances in the diagram
representation are as follows: 24
(31.2%) students demonstrated correct
reasoning, but three students in this
group made mathematical errors.
Examples of research subjects' responses
with correct reasoning and answers are
presented in Image 9.

For 9 seconds, the object is observed to
be moving in a straight line with a
position every second as shown in the
following figure.
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With x ~ in meters and t in seconds. The
positive sign (+) on the vector quantity is
agreed as the direction to the right and
the negative sign (-) on the wvector
quantity is agreed as the direction to the
left.

23. The distance traveled by the object in
the first 6 seconds is...

A. 4 meters (5,2%)

B. 14 meters (11,7%)

C. 24 meters (16,9%)

D. 26 meters (27,3%)*

E. 49 meters (1,3%)

F. Others: (37,6%)

Figure 8 Instrument for determining
distance in motion diagram
representation (correct
answers)
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Figure 9 Thought process and correct
answers of students for
question 23
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Through the students' responses to
these four representations, it can be
concluded that individuals with correct
reasoning choose to establish a turning
point first, then proceed to sum their
displacements or detail the
displacements at each time interval.
However, in the graphical
representation, this approach becomes

displacements at each second becomes
less accurate when an object changes
direction at a non-integer time (for
example, the object changes direction at
3.5 seconds).

Quialitative Data Results
Based on the stages of qualitative data
analysis by Huberman and Miles, a

more complex. As a result, most categorization of students' thinking
students who initially chose to when  determining  distance  was
determine the turning point shifted to obtained. The results of this
determining displacement at each categorization are presented in Table 3.
second. Nevertheless, summing
Table 3 Students thinking when determining distance in multi-representations (corrected
thinking)
Code Representation
Mathematics Table Graph Motion
Diagram

A* 43 (55.8%) 39 (50.6%) 33 (42.9%) 24 (31.2%)

B 2 (2.6%) 10 (13%) 9 (11.7%) 13 (16.9%)

C 2 (2.6%) 1 (1.3%) 6 (7.8%) -

D 10 (13%) 1 (1.3%) 3 (3.9%) 7 (9.1%)

E 4 (5.2%) 6 (7.8%) 3 (3.9%) 1 (1.3%)

F 3 (3.9%) 6 (7.8%) 9 (11.7%) 5 (6.5%)

G - 1(1.3%) - -

H 2 (2.6%) 2 (2.6%) 3 (3.9%) -

| 11 (14.3%) 12 (15.6%) 11 (14.3%) 27 (35.1%)
Information: different representations. In addition, 15

A: Determine the turning point, then sum the
displacements or sum the displacements
at each time interval.

. Distance is equal to displacement.

. Distance is equal to the initial position
plus the final position.

D: Distance is equal to the final position.

E: Distance is equal to the sum of positions
at each second.

. Distance is equal to velocity.

. Distance is equal to the final position
multiplied by time at that moment.

H: Distance is equal to instantaneous

velocity multiplied by time.

I: Answering without a method or not
answering.

O W

[l

Overall, the number of students who
successfully maintained thinking
method A without mathematical errors
or  conceptual errors in all
representations is 8 (10.4%) students. A
total of 11 (14.3%) students successfully
maintained thinking method A in three
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(19.5%) students succeeded in two
different representations. Meanwhile, 21
(27.3%) students only succeeded in one
different representation. There were 22
(28.6%) students did not think with
method A, whereas 10 (12.99%) had

misconceptions by maintaining
relatively different naive thinking. Some
students were  found to use
memorization strategies in solving
problems, as shown in Figure 10.
A (E)C Imeter) -
Alasar
S-u.t VeX .3 .1
[5 1.3 T
=% ;
1
Figure 10 Example case of

memorization strategy

The results show that the consistency of
students'  thinking  methods and
mathematical abilities is relatively low.
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Generally, first-year students have
fragmented and incomplete knowledge,
which triggers inconsistency in their
thinking methods (Bao, 2021; Gerace,
1998; Xu et al., 2020). Additionally, low
mathematical abilities often accompany
first-year students (Docktor & Mestre,
2014; Nguyen, 2011). Such fragmented
knowledge often drives students to use
memorization strategies in problem-
solving (Chen et al., 2020).

The resources theory can explain the
consistency of thinking methods well.
According to the resources theory, every
student attending lectures already has
prior knowledge (Docktor & Mestre,
2014; Xu et al., 2020). Usually, this
prior knowledge is not entirely
scientifically justified but contains facts
that make students feel their knowledge
is sufficient to answer physics
phenomena. This situation makes prior
knowledge difficult to eliminate and
consistently used in various contexts.
Using  knowledge that is not
scientifically justified but consistently
used by students is then labeled as
"misconceptions” (Nadhor & Taqwa,
2020).

Overall, this research strengthens the
notion that first-year students are
generally novices. The fragmented
knowledge and the use of memorization
strategies align with findings from
previous studies (Bao, 2021; Chen et al.,
2020; Gerace, 1998; Xu et al., 2020).
However, this study cannot describe the
impact of fragmented knowledge.
Sweller states that such knowledge can
trigger cognitive overload (a condition
where working memory processes
information  beyond its capacity)
(Sweller, 1994, 2011). Therefore, the
findings in this study are expected to
provide considerations in designing
future physics learning.

Additionally, some previous studies
suggest that a recommended solution to
address fragmented knowledge is a self-
learning  program  (usually called
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computer-based recitation) that can
provide personal feedback to students
(Adha & Parno, 2022; Diyana et al.,
2020). Providing this solution allows
students to repeat their learning process
independently, where intense repetition
makes it easier to activate working
memory and form interconnected
information structures (Singh et al.,
2023).

CONCLUSION

The average score of students in
determining travel distance in multi-
representations is 37.67. By categorizing
thinking methods, it is known that most
first-year students have inconsistent
thinking methods. Only a small
percentage (10.39%) of students have
consistently and scientifically correct
thinking methods. In addition, a small
percentage  (12.99%) of students
consistently use naive thinking in
various representations. Meanwhile,
most students (76.62%) have relatively
inconsistent thinking methods. This
research finding reinforces previous
research that, in general, first-year
students are novices.

REFERENCES

Adha, A. R., & Parno. (2022). Program
resitasi materi  vektor sebagai
alternatif pengganti tatap muka di
masa pandemi covid-19 untuk
meningkatkan penguasaan konsep
siswa. Jurnal Illmiah Pendidikan
Fisika, 6(1), 55-67.

Adha, A. R., & Tagwa, M. R. A. (2022).
Analisis kebutuhan pengembangan
media pembelajaran resitasi berbasis
tulisan dan video feedback pada
materi  vektor. 2(3), 164-171.
https://doi.org/10.17977/um067v2i3p
164-171

Affriyenni, Y., Susanti, N. E., &
Swalaganata, G. (2020). The effect of
hybrid-learning on students’
conceptual understanding of
electricity in short-term fundamental



Adha & Tagwa/Jurnal limiah Pendidikan Fisika 8 (1) 2024 58-67

physics course. AIP Conference
Proceedings, 2215(April).
https://doi.org/10.1063/5.0000508

Ayop, S. K., & Ismail, A. T. (2019).
Students’ understanding in
kinematics: assessments, conceptual
difficulties and teaching strategies.
International Journal of Academic
Research in Business and Social
Sciences, 9(2), 1278-1285.
https://doi.org/10.6007/IJARBSS/v9-
i2/6341

Bao, L. (2021). Knowledge integration
in student learning of Newton’s third
law: Addressing the action-reaction
language and the implied causality.
Physical Review Physics Education
Research, 17(2).
https://doi.org/10.1103/PhysRevPhys
EducRes.17.020116

Bollen, L., De Cock, M., Zuza, K.,
Guisasola, J., & Van Kampen, P.
(2016). Generalizing a categorization
of students’ interpretations of linear
kinematics graphs. Physical Review
Physics Education Research, 12(1),
1-10.
https://doi.org/10.1103/PhysRevPhys
EducRes.12.010108

Chen, Q., Zhu, G., Liu, Q., Han, J., Fu,
Z., & Bao, L. (2020). Development
of a multiple-choice problem-solving
categorization test for assessment of
student knowledge structure.
Physical Review Physics Education
Research, 16(2), 20120.
https://doi.org/10.1103/PhysRevPhys
EducRes.16.020120

Ding, L., & Beichner, R. (2009).
Approaches to data analysis of
multiple-choice questions. Physical
Review Special Topics - Physics
Education Research, 5(2), 1-17.
https://doi.org/10.1103/PhysRevSTP
ER.5.020103

Diyana, T. N., Sutopo, & Sunaryono.
(2020). The effectiveness of web-
based  recitation program  on
improving  students’  conceptual
understanding in fluid mechanics.

Jurnal Pendidikan IPA Indonesia,
9(2), 219-230.
https://doi.org/10.15294/jpii.v9i2.240
43

Docktor, J. L., & Mestre, J. P. (2014).
Synthesis of discipline-based
education research in  physics.
Physical Review Special Topics -
Physics Education Research, 10(2),
1-58.
https://doi.org/10.1103/PhysRevSTP
ER.10.020119

Gaigher, E., Rogan, J. M., & Braun, M.
W. H. (2007). Exploring the

development of conceptual
understanding  through structured
problem-solving in physics.

International Journal of Science
Education, 29(9), 1089-1110.
https://doi.org/10.1080/09500690600
930972

Gerace, W. J. (1998). Problem Solving
and Conceptual Understanding. 2-5.
https://doi.org/10.1119/perc.2001.inv
.005

Hestenes, D. (1997). Modeling
methodology for physics teachers.
935, 935-958.
https://doi.org/10.1063/1.53196

Ismail, A. T., & Ayop, S. K. (2016).
Tahap kefahaman dan salah konsep
terhadap konsep daya dan gerakan
dalam kalangan pelajar tingkatan
empat. Jurnal Fizik Malaysia, 37(1),
01090-01101.
http://ifm.org.my/jurnal-fizik-
malaysia/tahap-kefahaman-dan-
salah-konsep-terhadap-konsep-daya-
dan-gerakan-dalam

Jufriadi, A., Kusairi, S., & Sutopo, S.
(2021). Exploration of student’s
understanding of distance and
displacement concept. Journal of
Physics: Conference Series, 1869(1),
0-6.  https://doi.org/10.1088/1742-

6596/1869/1/012195
Kattayat, S., & Josey, S. (2019).
Improving  students  conceptual

understanding of calculus based
physics using problem based learning



Adha & Tagwa/Jurnal limiah Pendidikan Fisika 8 (1) 2024 58-67

approach on an e-learning platform
applied to engineering education.
2019 Advances in Science and

Engineering Technology
International Conferences, ASET
2019, 1-6.

https://doi.org/10.1109/ICASET.201
9.8714298

Kusairi, S., Noviandari, L., Parno, &
Pratiwi, H. Y. (2019). Analysis of
students’ understanding of motion in
straight line concepts: Modeling
Instruction  with  formative E-
Assessment. International Journal of
Instruction, 12(4), 353-364.
https://doi.org/10.29333/iji.2019.124
23a

Masrifah, M., Setiawan, A., Sinaga, P.,
& Setiawan, W. (2020). An
Investigation of physics teachers’

multiple representation ability on
newton’s law concept. Jurnal
Penelitian & Pengembangan

Pendidikan Fisika, 6(1), 105-112.
https://doi.org/10.21009/1.06112
Miles, M. B., & Huberman, A. M.
(1984). Drawing valid meaning from
qualitative data: toward a shared
craft. Educational Researcher, 13(5),

20-30.
https://doi.org/10.3102/0013189X01
3005020

Munfaridah, N., Avraamidou, L., &
Goedhart, M. (2020). The use of
multiple representations in
undergraduate physics education:
what do we know and where do we
go from here? Eurasia Journal of
Mathematics, Science and
Technology Education, 17(1), 1-19.
https://doi.org/10.29333/ejmste/9577

Nadhor, N., & Tagwa, M. R. A. (2020).
Pemahaman  konsep  kinematika
mahasiswa calon guru fisika: ditinjau

dari level pemahaman dan teori
resource. PENDIPA Journal of
Science Education, 4(3), 82-90.

https://doi.org/10.33369/pendipa.4.3.
82-90

Nguyen, D.-H. (2011). Students’

66

difficulties with multiple
representations  in introductory
mechanics. Online Submission, 8(5),
559-569.

Ratnaningdyah, D. (2017). Penerapan
model pembelajaran novick
dipadukan dengan strategi
cooperative problem solving (cps)

untuk meningkatkan kemampuan
pemecahan masalah siswa sma.
WaPFi (Wahana Pendidikan Fisika),
2(2), 63.

https://doi.org/10.17509/wapfi.v2i2.5
043

Singh, C., Heller, K., & Heller, P.
(2023). Instructional strategies that
foster  effective  problem-solving
problem solving : a brief history
leading to PER. 1-34.

Sutopo. (2019). Memfasilitasi siswa
memahami fisika secara bermakna
dan koheren :tantangan dan
alternatifnya. Pidato Pengukuhan
Jabatan Guru Besar Dalam Bidang
IImu Pendidikan Fisika, 9-21.

Sweller, J. (1994). Cognitive load
theory, learning difficulty, and
instructional design. Learning and
Instruction, 4(4), 295-312.
https://doi.org/10.1016/0959-
4752(94)90003-5

Sweller, J. (2011). Cognitive load
theory. In Psychology of Learning
and Motivation - Advances in
Research and Theory (Vol. 55).
Elsevier Inc.
https://doi.org/10.1016/B978-0-12-
387691-1.00002-8

Syuhendri, S. (2021). Effect of
conceptual change texts on physics
education  students’  conceptual
understanding in kinematics. Journal
of Physics: Conference Series,
1876(1), 0-8.
https://doi.org/10.1088/1742-
6596/1876/1/012090

Tagwa, T., & Nadhor, N. (2020).
Pemahaman  konsep  kinematika
mahasiswa calon guru fisika:
ditinjau dari level pemahaman dan



Adha & Tagwa/Jurnal limiah Pendidikan Fisika 8 (1) 2024 58-67

teori resource. PENDIPA Journal of
Science Education, 4(3), 82-90.

Xu, W., Liu, Q., Koenig, K., Fritchman,

J., Han, J., Pan, S., & Bao, L. (2020).
Assessment of knowledge integration
in student learning of momentum.
Physical Review Physics Education
Research, 16(1), 10130.
https://doi.org/10.1103/physrevphyse
ducres.16.010130

67

Zainuddin, A., Kusairi, S., & Zulaikah,

S. (2019). Kesulitan mahasiswa
dalam memahami konsep kinematika
gerak 1 dimensi. Jurnal Pendidikan:
Teori, Penelitian, Dan
Pengembangan, 4(1), 56.
https://doi.org/10.17977/jptpp.v4il.1
1854



