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ABSTRACT

Students do not understand concepts and misconceptions occur in momentum and impulses. Less available
teaching materials that can remediate misconceptions. This study aims to design cognitive conflict-based
teaching materials that integrate video analysis of real experiments to improve students’ conceptual
understanding of momentum and impulses. This research is a development research using the Plomp model. In
the preliminary research, journal analysis, interviews with physics teachers, and literature studies were
conducted. At the prototyping stage, teaching materials are designed, self-evaluation is carried out, validation
by 3 lecturers and one-to-one practicality test for 3 students. The data analysis technique used descriptive
analysis for interviews, the Aiken-V formula for validation and percentage techniques for practicality tests. The
results of the preliminary research, it was found that students' understanding of concepts was low and there were
still misconceptions, the unavailability of teaching materials that corrected misconceptions. The results of the
prototyping stage, momentum and impulse teaching materials were designed based on four syntaxes of cognitive
conflict-based learning model (CCBL Model). In the third syntax, real-experiment video analysis is integrated
using the tracker program. The results of the self-evaluation showed that the teaching materials were complete
with very good criteria. The results of the validation test obtained a very valid value of 0.81. The results of the
practicality test obtained a very practical value of 90.27. So, the design of cognitive conflict-based teaching
materials integrating video analysis of real experiments on momentum and impulses is very valid and practical
in one-on-one evaluation.

Keywords: Cognitive conflict, Real experimental video analysis, Understanding of concepts, Momentum and
impulses.
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I. INTRODUCTION

Education in Indonesia has an important role in the progress of the nation. The purpose of education is to
create a generation that is faithful, knowledgeable, competent, critical, and creative that is able to compete with
the outside world in facing the times. To achieve this goal, the government made improvements in education in
Indonesia in accordance with the times, namely changing the curriculum to the 2013 curriculum, holding a
teacher certification program and providing facilities and infrastructure in stages to support the learning process
in schools.

Curriculum 2013 requires teachers to master the development of science and technology so as to facilitate
teachers in applying learning methods in the classroom and make lessons interesting. Teaching materials are very
useful in building understanding concepts of students. Understanding the concept of students in physics learning
is inseparable from the possibility of misconceptions. In physics learning, students' thinking increases in
analyzing the phenomena that occur around them. This phenomenon is explained through concepts, laws and
mathematical equations in finding the real answer. The explanation of this phenomenon is not only obtained
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from learning in the classroom but also outside of school. The possibility of misconceptions in students causes
differences in the level of understanding of learning. Learning that is carried out rarely looks at the
preconceptions possessed by students so that the possibility of misconceptions is not identified even though the
subject matter has been studied. Misconception is an understanding of a concept that is not in accordance with
the agreement of the experts in the field. Misconceptions are caused by a person's mistake in understanding the
concept based on his experience [1].

The problem of misconceptions is often found in the study of physics. Based on the study of literature
found that misconceptions quite a lot occur in mechanical materials. In momentum and impulse materials,
student misconceptions were found at 48.61% [2]. Maulida and Suliyanah's research [3] on understanding
students' concepts of momentum and impulse material. Students who experienced misconceptions on momentum
material as much as 73.1%, impulse material as much as 86.1% and collision material as much as 84.3%, and
obtained from interviews with physics teachers that the learning process is still centered on the teacher and every
physics material taught is rarely practiced. Furthermore, Sutrisno's research, et al.[4] obtained students' ability on
momentum and impulse material is still low. Judging from the category of misconceptions as much as 33.1%, do
not know as much as 32.1%, guess as much as 17.1% and don’t answer as much as 0.9% .

Based on the results of teacher interviews conducted in three senior high schools, namely SHS A, SHS B
and SHS C, there were several problems in the learning process: (1) Physics learning in schools has not fully
implemented the model in accordance with the 2013 curriculum; (2) The teaching materials used have not used
certain models that can improve the understanding concepts of student , especially remediate misconceptions; (3)
Experiments on momentum and impulse matter are rarely conducted due to the limitations of available tools.
During the covid19 pandemic, experiments are needed that students can use IT-based devices, as a supporter of
online learning, therefore an innovation is needed that can overcome the problem of low understanding of
concepts and limitations of teaching materials and facilities that can overcome misconceptions even during the
covid19 pandemic.

One solution is to develop teaching materials that can improve the understanding of concepts and remediate
misconceptions. This teaching material have cognitive conflict models integrate real experiment video analysis.
Teaching materials are prepared based on the syntax of cognitive conflict-based learning models (CCBL Model)
consisting of 4 syntax namely [5]: (1) activation of preconceptions and misconceptions, (2) presentation of
cognitive conflicts, (3) the discovery of concepts and equations, and (4) reflections. The advantages of this
teaching material are can make students realize that they are experiencing concept misconceptions, improve the
understanding of student concepts, straighten students' view that the equations and concepts of physics is one
unity whole so that the new knowledge that students later have, will be in accordance with the scientific concept.
In the third syntax of CCBL model integrated real experiment video analysis using Tracker program. The Tracker
program is very appropriate to use for motion-related experiments [6]. Several cognitive conflict-based teaching
materials have been designed on atomic nucleus matter [7] and direct current electrical matter [8] by integrating
virtual laboratory. In materials related to the motion of an object, it can be done experiment real video analysis,
one of which is on the momentum and impulse.

On momentum and impulse material, Basic Competence 4.10 expected capable students to presents the test
results of the application of the law of conservation of momentum. This material is suitable for using real
experimental video analysis because it can make it easier for students to observe the motion of a colliding object.
Real experimental video analysis is an experiment that is carried out by recording the motion of an object, then
analyzing the motion through the Tracker program. Through real experimental video analysis, students can do
real experiments by recording movement phenomena and observing the movement process that occurs using a
tracker application [6]. Tracker is a modeling tool on open source physics with a java framework for analyzing
videos. This tracker combines video with computer models and is used to analyze the motion video of an object
[9]. The study aims to design and validate cognitive conflict-based teaching materials that integrate real
experiment video analysis into momentum and impulse.

Il. METHOD

The type of research used is development research or design research. The object in this study is cognitive
conflict-based teaching materials integrating real experiment video analysis. Cognitive conflict-based teaching
materials are designed to improve understanding of student concepts on momentum and Impulse materials. The
development of teaching materials using Plomp model consists of three stages, namely 1) preliminary research,
2) development or prototyping phase, and 3) assessment phase. This research is limited to two stages, namely
preliminary research and development or prototyping phase. Technical data analysis in preliminary research is by
descriptive analysis.
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Preliminary research conducted a needs analysis and problem analysis by interviewing three high school
teachers and analyzing 9 journal articles on understanding the concepts and misconceptions of students on
momentum and impulse materials. The instruments used are interview guidelines and journal article analysis
sheets. Preliminary research aims to find out common problems in the field and conduct literature studies to find
solutions. Table of literature studies on misconceptions that occur in momentum and impulse material.

In the development phase or prototyping is designed teaching materials that can overcome the low
understanding of concepts and remediate misconceptions on material the momentum and impulses. Furthermore,
formative evaluation consists of self-evaluation, expert review and one to one evaluation. Revisions are
corrected at each stage of formative evaluation. Self-evaluation is done by the researchers themselves to check
the completeness and see the obvious errors in the prototype. The instrument used for self-evaluation is a self-
assessment questionnaire with an assessment score using the Likert scale. The data analysis technique used is a
percentage technique with the following equations:

f

P =—x100
N

Information:
P = final grade
F = Obtained score
N = maximum score
Interpretation of self-evaluation results is found in Table 1.
Table 1. Results Interpretation of self-evaluation

No. Total Score Criteria
1 0-20 Not good
2 21-40 Not good
3 41-60 Pretty good
4 61-80 Good
5 81-100 Very good

(Source: modified from Riduwan) [10]

After the self-evaluation is carried out, it is followed by prototype validation through expert reviews. The
instrument used was a validity questionnaire with four aspects of assessment, namely content validity, construct
validity, language validity and face validity. Evaluation of the validity of the teaching materials prototype was
carried out by three physics lecturers. The technique of analyzing the validity evaluation data uses the Aiken V
formula (Aiken, 1985), namely:

>s

[n(c —1)]
Interpretation of validity evaluation results is found in Table 2.
Table 2. Aiken's V Rating Index

Validity Index Assessment
V <0.4 Less valid
0.4<V<0.8 Valid
V>0.8 Very valid

(Source: Aiken, 1985) [11]

After the prototype is declared valid, then done one to one evaluation to see the practicality of the
prototype. The instrument used is a practicality questionnaire consisting of practical aspects, namely: easy to
use, usable, benefit and efficiency. Scoring on the practicality sheet uses the Likert scale. Data analysis
techniques use percentage techniques as in equations (1). The interpretation of the practicality of the prototype is
found in Table 3.

Table 3. Product Practicality Criteria

Practicality Criteria
0-20 Impractical
21-40 Less Practical
41-60 Quite Practical
61-81 Practical
81-100 \ery Practical

(Source: modified from Riduwan [10]
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RESULTS AND DISCUSSION

A. Research result
Preliminary research has two research results. First, the results of interviews with three physics teachers at
senior high school. Second, the results of analysis of journal articles on understanding the concept and
misconceptions of students on momentum and impulse material. The results of interviews with three physics
teachers are found in Table 4.

Table 4. Results of Interviews with Physics Teachers

Defrianti, et al

Senior Learning Model Used Instructional Learning Media  Understanding
High Materials Used Used Student
School Concepts
SHSA  Discovery learning There has not Virtual Lab and Learners
model, problem based been any use of videos on the memorize
learning model or using cognitive conflict internet. formulas.
other models that syntax.
students like
SHSB  Discovery learning There has not Virtual Lab, Many have
model, using  other been any use of Teaching is as memorized
models that are suitable cognitive conflict simple as formulas,
for students syntax. possible. explaining
material that is
prone to repeated
misconceptions.
SHS C  Discovery learning There has not Virtual Lab or Students
model, problem based been any use of learning videos. memorize
learning model or using cognitive conflict formulas.

other models according
to student interests

syntax.

The results in Table 4 show that the learning model used by teachers is in accordance with the 2013
curriculum but in its implementation teachers are still using models that are not yet in accordance with the 2013
curriculum. So students memorize formulas more often than understand the meaning of the formula itself.
Teachers have not used cognitive conflict-based teaching materials, teachers already use virtual labs but still
rarely apply them in all physics learning materials.

The results of the analysis of 9 journals related to students' understanding of concepts on momentum and
impulse material showed that students experienced many misconceptions in the material. Momentum and
impulse material discusses sub topics: momentum, impulse, conservation of momentum and collisions. The
results of the analysis of articles on understanding the concept of momentum and impulses are found in Table 5.

Table 5. Journal Article Analysis Results

Misconception

Journal Momentu  Impuls  Conservation of Collision

m (%) e (%) Momentum (%0) (%)

Lusiana, et al (2016) 91 87 91 97

Maulida and Suliyanah (2016) 73.10 86.10 - 84.30

Anggraeni and  Suliyanah 20.59 19.61 35.29

(2017)

Arifin et al (2019) 82.76 86.21

Hikmatunnisa (2019) 96.68 98.68

Masril (2012) 48.61

Alawiyah (2017) 37.80

Agustin et al (2016) 63.10

Sutrisno et al (2015) 33.10
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The results in Table 5 show that the number of students who experience misconceptions on momentum and
impulse material. From 2012 to 2019, misconceptions were found in the sub-material of momentum, impulse,
conservation of momentum and collisions. The percentage of misconceptions is different in each research result,
but in general the percentage of student misconceptions is quite large so that a solution needs to be found to
overcome them.

Once known problems in preliminary research then conducted a literature study to find a solution. The results
obtained in the form of an effective learning model to improve concept understanding and mediate
misconceptions is a model of cognitive conflict-based learning (CCBL) by integrating real experiment video
analysis[6].

The results on the development or prototyping phase, began by designing a prototype of teaching materials
that was prepared in accordance with four syntax models of cognitive conflict-based learning (CCBL) models.
The CCBL model consists of four syntax: (1) activation of preconceptions and misconceptions, (2) presentation
of cognitive conflicts, (3) discovery of concepts and equations, and (4) reflections. In the third stage integrated
real experiment video analysis by writing down the steps of student activities by recording the phenomenon of
motion objects and analyzing using the Tracker program. The first evaluation conducted on the design of the
prototype of the teaching material is self-evaluation. The results of self evaluation are in Figure 1.

120
100 100 100
100
83.33

80 75
60
40
20
0

1 2 3 4 5
m Self Evaluation Components

Fig. 1. Self-Evaluation Results

In Figure 1 there are five components that are assessed in self-evaluation, namely: 1) completeness of
teaching material structure in accordance with the Ministry of Education 2008, 2) completeness of CCBL model
syntax on teaching materials, 3) Integration of real experiment video analysis on the third syntax, 4) Language,
5) Graphing. Based on Figure 1, the value of each component ranges from 75 to 100, with an average score of
91.67 which is in the excellent category. Excellent categories range in numbers from 81 to 100. Furthermore,
expert review of teaching materials is carried out. The results of an expert review by three physics lecturers are

found in Figure 2.
0.81 e
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Fig. 2. Average Validation Results Through Expert Review

Based on Figure 2, it is obtained an average value on each aspect of the assessment of validity in teaching
materials ranges between 0.74 and 0.89, with an average value for all aspects of 0.81. Based on the results of the
value obtained that overall teaching materials of cognitive conflict-based momentum and impulse have been
valid in terms of (1) content validity, (2) construct validity, (3) language validity and (4) face validity. The
average validity of teaching materials is very valid. During the validity evaluation process, there were several
suggestions from experts, so that revisions were made to the teaching materials. Among them are revisions to the

Pillar of Physics Education,page. |101



Defrianti, et al

cover design to make it more attractive in terms of selecting background colors, writing and images. Revision of
prototypes as suggested by experts is in Table 6.

Table 6. Revision of Teaching Material Prototypes According to Expert Advice
A. Cover Design

Before the Revision After the Revision

\ @
BAHAN ATAR &i -

BAHAN AJAR FISIKA

ik Kognitif Mengintegrasikan Real Experiment Video Analysis

MOMENTUM DAN IMPULS
Penyusun  : Reni Defrianti
Universitas Negeri Padang Pembimbing  : Dr. Fatni Mufit, SPd.M.Si
2020

On the cover, the validator's comments are that the colors, writing, images and background are less attractive.
The revision made is to provide brighter colors with attractive images and clear writing.

B. First Syntax Design: Activation of Preconceptions and Misconceptions.
Before the Revision After the Revision

e —
*

 mmm— g

E. Latihan® Aktivasi Prakonsepsi dan
: Alctivasi Pralomepti das Mislomepa 5 PR

v
P
' | Petunjud '
' |
' ' |1 Bocakh dengan cermat setiap feromena momentum dan imguls |
V'3 Pada |.ru el aon. Bariah fanda checir (1] pade sala sste i Berikut ini. Satiap fenomena terdiri dari permyataan, |
| ssam B8 gt T dangan ket arangan ' | 2. Pada setiap permyataan, berilh tanda checklist () pada salsh satu 1
' B pla o yalen pervaioon BERAL ' | kolom: B, S, atouT, dengan keterangan |
| 3o pla o youn pervrpaiaan A ] | Bujika anda yakin permyataan BENAR :
VR oo TIDA T ' | 8. jika andayakin permyaraon SALAH I
b e e e e e e e e e e e e e e e e B | Feijika anda TIDAK TAMU '
|
& O |
22 Faranans dan L Na Fenomena dan Tmguils.
T o
L Cr——— i o oy - =
mangantuk Tk kama keadian o irk temeet b@m ks erpadi tumbukan antara mokil dengan seper yam eminer
pada gambar dibasch ini Siapa yong memberikan gaya yang paling
dan mecen aus sdwnggn mendsroh mosd mesan yang medang H

meap @ deommn MaSd truk mewee! mobd melo Seberms
mater. dars fanamena di atas g yang ferjad: dengan makel medan
i il e

= “ '
{ St KBS ) magas opp gae. gl SR T Ty PLLAFT A8LE)
Gomtar 1 Bus dan mobil yang bertatirahan
Mo Permyaraan Bls|T

= [ LEE [reme——

A | #cksd truk Berhents labih duiu dom pada makeil medon I I A

T [l i il o 1

e e Lo

In the 1st syntax, expert comments are questions that arise from a phenomenon that contain unclear and

immeasurable meanings. The revision made is to make questions that are in accordance with the phenomena
that occur in the daily environment.

C. Second Syntax Design: Presentation of Cognitive Conflict
Before the Revision After the Revision
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m reungen dan phrke fmomes mometus dm mmd S

il {15 et}

Tiata maat o lonong semo Eersume
PENEE e — S ————
hdamya mamng-masng. aat di
antaranya berbadon gavuk don yang
mtu lap bersaton krm Lo
fertur-bur cwr merdes berdu
et yong merunt e
bertadon ke et ferdarong ke
bddchng nekdn dévrg ot
st yong berbadon garu hdok
At marma mdd, manga hal tereet
ima tar s

Smorang hahoh hendoh maTscian
turpuin hays moha dia o
marberthon kecguoton yong g padn
targapa agar ey menad herpesh,
mengomn hal termdsut harus diladan

T T T T e e e

F. Penyajian Kanfiik Kognitif

Perhatikan gambar dicauch ind
Ketika sebosh pelru yong lepas dari
pistal dapar menembus dinding tembok,
bogimara ik  peky  tersebut
dijatuhkan dari  ketinggion 100 m,
apakah masin dapat menembas dinding
tembak?. d

e
hifes./ imges ocp e o BT S G000

%)
Gamar 1. Pistal dan ey
2 Il
P T T ——
anak yang menendang bala dan bty
seperti gambar di bawdh ini, Andkita
merisa Ibin hesskitan menendang ot
daripad boka? Kenaa hal itu bisa
teriodiz, clasonnel

In the second syntax, expert comments are questions that arise in the presentation of confusing and illogical
cognitive conflicts, such as people shooting a beehive and others. The revision made was to make questions
logically and in accordance with the phenomena that occurred in the students' daily environment.

D. Third Syntax Design: Discovery of Concepts and Equations

Before the Revision

After the Revision

Am ldekw  dopeemen  melehee uvhk meymes rme

[ Lemitar Kerja Sewa {LKS} I

Puaskan amr dun balun Sarpkar U MOrskam LUl yESS Snms we
anghal e

Tin | tmmmna Mt con draas
T |t et 2o lmas
Fremmman Mamarter 2w Iraan

-
et o o e
1 Boia 2 buch
2 Pemsangtmam
3 Penggar

4 Torpad brtosn bola

Longhan e
Buticn heimrach beingr 45 o

Lamiauon percstam cengan o mETS o g
Bamcn prometur 2 Bouse S fE

Promedur Froktriesr,

- limisang mares hetun Sas megmaser mma

» birtung Benr usen ek dolo mote petce

- Letoker Saia pada fevast o Sas

» By gaya hepda masng-masng bals sears berera

oy et

agar bergerdh
= Rk, proktusy di ctoe don poctikon komers S
]
= Mempimen hoei protierr mass 4l o S e
begatan

S ——

. H. Penemuan Konsep dan Persamaan .

Ayo gk sopeimen  sederhona  unmk menjowsh  rasa
ottt "

Lember Eorje Siswa (LKS) ]

Pastihon cist don Sohon diengkopi untuk merekom vides yang dianalisis
Serta ikt longhoh bepietd

Mo | Flepermen Son g

|
?
i

Bacsloh prozedu di bomch e dengen Tel
Prosedur Prokriem

= Timbang mazse kedus bols menggunckon neroca

= Hitung ponong uben kerond dalom 2atu petak.

= Leteiden bols pode tempet Entason Bols

- Berd gops hepads marag mateg bels secens berzamasn ager

Tergerah
= Bighom prokriers dictes homera vidak bergerak.
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ey Samzar 28 Video Proktikam Momentam,
Gambar B Hasil Anclysis Boka » Masukkan videa kedalom aplikasi tracker gk dismeti
i il i pada tabel

i) Salinksh grafik yang terinput dari analysis menggunakan software >
#rachker kedalom Somtar Benda Massa(m) | Kooopoton | Mamentom

) (el
Bola 1

LFS

Bala Z

Boka pink dan Sk merch memiliK moteo yong Seroeda, Dol pnk
i Baln merah di beri kerepaton yong some sehingge S oples
>y tracker dipsraleh grafik

Gambar 9. Gratik hubungan momentum dan keoepatan Tuliskah bentuk dari grafik yang Terbentuk dori percobans distes

+ Dmpuis
&) Setelah mengenal bebercpa tosllbar yang ada pada tracker Izq |E| [oie e

Ananda bisa melanjuthan analisis vides untuk matesi momentum
dengan memasukkan vides mokil mainan menabrak ki Sehinggs

han kehiar seperti gambar 1

L]

Berdasarkon pada tabel don grofik dictes dopst disimpulion bohma

e 2z | (LN

In the 3rd syntax, expert advice is to add Tracker data, namely time and position data. So, the output is velocity,
not momentum. The revision made was the experiment using 2 balls with different masses, and equipped with

tables and graphs.

E. Fourth Syntax Design: Reflection
Before the Revision

After the Revision

e ——

|

r———
- T Fashas kambuli lattn sl pods akthes prabeaseps dam
miSkeasns s pasyajin keaf b agath, apaksh [owchonm beleh
L i dengan heasen yamg besde afi beken?
2 Bustioh lopemis dus ik hivim famis kelmekd
: 3 Preseafesken digipes kel fesil kerje kelompeiomu
B T i -
Sonemne. Som_ meds. Sdooke edum Sekd mcws mseedd s \
N A I —J ________
[~
1 Piich wich ot e b AL DUE el Selanjutnye ik menguji pemshaman materi den
» hansep, maha kita chan meldkekan evohsi dori
2.Cddy wich st piden pohos FL oy phos 7)) so e pembelajoron pada tohap sekmitoye. |
- ‘p
5 Serisen dmmws mewd s temme
P grirpinir - remrmmer s
s, Selessiin ewisis beut sesirs bl
H-m-l u —
Sebush truk dengan bebon yang songer berar memiii momentum|
1 | Skt el R yang sangat basar Truk tersesur kemudion bergerck lebih cepar, dus|
0 by bergersk e bali keccpaton semue  Boguimonckoh momentum fruk  ersebut
s=talah
et TR ki ITa ‘menjodi empar kali lipar semula
maratur e [ menjesi e seman
et n2aam L enpectimd
[ menjadi dun keli ipat semuln
el e 2 | Serong stuntman melompot dori atep gedung Tinggi, fopi dia fidak
terbska korano dic mendarot poda satuch kontong besor yong penuh

015 by v oraiis e

in finding

In the 4th syntax design, expert advice is that this teaching material has not guided students well
concepts. Revisions made to make questions related to the concept then provide calculation questions.

After revisions to the prototype and teaching materials were declared valid by experts, then a one to one
evaluation practicality test was carried out on three students who had high, medium, and low ability levels at

SHS B. The results of one to one evaluation are in Figure 3.
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Fig. 3. Average Practicality Results Through One to One Evaluation

Based on Figure 3, the average score for each aspect of practicality assessment on teaching materials is
between 86.9 and 98.33. Based on these values, it can be argued that overall the cognitive conflict-based impulse
momentum teaching materials are valid in terms of (1) ease of use, (2) attractiveness, (3) efficiency, and (4)
benefits. The average practicality of teaching materials is 90.27 which is in very valid criteria.

B. Discussion

Interview activities with physics teachers at SHS A, SHS B and SHS C. SHS A is senior high school with
high-level students’ abilities, SHS B is senior high school with moderate-level students’ abilities and SHS C is
senior high school with moderate to low-level students’ abilities. The results of the interviews obtained were (1)
the learning model used was not fully in accordance with the 2013 curriculum. (2) the teaching materials used
had not used a model that could improve concept understanding and remediate student misconceptions. (3)
Experimental activities on momentum and impulse materials in labor are rarely implemented due to tool
limitations. In the physics learning process that does not involve students actively in finding concepts [12], the
use of learning media that has not achieved the learning objectives [13] results in students preferring to
memorize formulas rather than understanding concepts [14], so that their understanding of concepts decreases
and experiences misconceptions [12].

Misconceptions are found in mechanical materials. One of them is impulse momentum material. Analysis
conducted on 9 journals about impulse momentum found that many students experienced misconceptions. This is
due to the ineffective implementation of the 2013 curriculum which causes errors in the learning process [7].
Previous research found that the lack of student activity was due to the conventional learning methods used [15].
Student learning outcomes depend on the learning model used.

The solution of the above problem is to develop teaching materials to overcome and remediate
misconceptions. cognitive conflict learning can overcome the problem of misconceptions in physics learning that
occurs in schools [16]. Teaching material designed based on cognitive conflict model integrate real experiment
video analysis. The cognitive conflict-based learning model consists of 4 syntax. Experiment activities are found
in the 3rd syntax. Experiments integrate real experiment video analysis. This is in line with the research of Mufit,
et al [6] which uses video analysis of real experiments in practical experiments to improve student’s conceptual
understanding. Especially in this pandemic period, learning is carried out online and laboratories are rarely used,
S0 a suitable solution is to use experimental activities [17].

The advantage of using real experiment video analysis is suitable for use in momentum and impulse
materials. The material of momentum and impulses is related to the motion of an object that is difficult to
observe with the naked eye. Real experiment video analysis makes it easy for students to observe the movement
of an object. Real experiment video analysis is a practical way of understanding the process of movement of
objects, there is a choice of representations of the experiment data that you want to analyze, and make physics
lessons more interesting [9]. This is in line with previous research that developed cognitive conflict-based e-
book that integrates video analysis of real experiments that can improve student’s conceptual understanding of
motion material, as an online learning facility [18]. Interesting pictures and video as well as virtual laboratories,
sparking curiosity, and leading students to find new ideas or ideas, especially the physics concept of force [19].

At the Develop / Prototyping Phase, cognitive conflict-based teaching materials have been designed
integrating real experimental video analysis to improve students' concept understanding. Then conducted self
evaluation on teaching materials by researchers. The results of self evaluation are in a very valid category. This is
because it corresponds to Ministry of National Education 2010 namely title, competency standards and learning
competencies, supporting information, materials in learning, practice and assessment [20], the syntax order of
the CCBL model is appropriate[5], the experiment using real experimental video analysis was appropriate, the
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language rules were appropriate and the graphics were appropriate. So the results of self-evaluation can
determine the validation process of teaching materials based on cognitive conflict [21].

Validation on teaching materials was conducted by 3 experts consisting of three lecturers of Physics.
Validation results are used as guidelines in revising the teaching materials and determining the feasibility of the
teaching materials that have been made. The component of the feasibility of the content of the teaching material
consists of (1) the description of the indicators in the teaching materials is in accordance with base competence
3.10 & 4.10, (2) The learning objectives of the teaching materials are in accordance with the indicators, (3) 4)
The physics symbol used is correct, (5) The physics equation used is correct, (6) The physics term used is
correct, (7) The image presented is in accordance with the material, (8) The phenomenon of physics is in
accordance with the material, (9) The material presented does not cause multiple interpretations from students,
(10) Images quoted from other people's work include references/sources, (11) Cognitive conflict-based teaching
materials contain cognitive conflict syntax, namely activation of initial knowledge of misconceptions,
presentation of cognitive conflict, discovery of concepts & equations and reflection, (12) Teaching materials
made to integrate the real experiment video analysis correctly. So, it is concluded that the teaching materials on
the feasibility of the content are valid. Accordance to the research of Lutfi, et.al [8] who obtained teaching
materials with the category valid because the material presented is in accordance with the 2013 curriculum, the
physics symbols used are correct, the material presented does not cause multiple interpretations, the teaching
material contains cognitive conflict syntax.

The presentation assessment component uses the following eight indicators; 1) Systematic teaching materials
are presented in accordance with the Ministry of Education 2008, consists of the titles, learning instructions,
competencies to be achieve, supporting information, tasks and steps of work and assessment, 2) Presentation of
the stage of ‘preconception and misconception activation' in teaching materials can reveal knowledge students
have initial, 3) Presentation of the stage of 'presenting cognitive conflict' in teaching materials can trigger
students to think deeply, 4) Presentation of the stage of ‘finding concepts and equations' in teaching materials
leads students to find concepts & equations, 5) Presentation of the 'reflection’ stage in teaching materials it can
reveal the progress of student understanding, 6) The numbering of images is presented in order, 7) The naming
of images is presented appropriately, 8) The presentation of teaching materials that is made allows interaction
between teachers and students. According to Hanum, et.al [22]. The suitability of the presentation in teaching
materials is very important, because the presentation developed in teaching materials can attract students 'interest
in learning and increase students' curiosity in studying physics.

The language assessment component has eight indicators as follows 1) Language used in accordance with the
student's level of thinking, 2) The language used in teaching materials has a value of decency (ethical), 3) The
language used in the teaching material has a beauty value so that students enjoy reading it (aesthetic), 4) The
language used is communicative and informative so that the message conveyed is easy to understand (educative),
5) The language used does not mean double, 6) The terms used are in accordance with the agreed technical terms
of science, 7) The language used is appropriate good and correct Indonesian grammar rules, 8) The spelling used
refers to general guidelines for Indonesian spelling. The language component is valid according to the reading
rules according to general guidelines for Indonesian spelling because the information presented in the book
chapter model is clear and the language used in the book chapter model is effective in accordance with the
Indonesian language rules [23].

The graphic assessment component uses the following six indicators 1) The arrangement of the cover of the
teaching material is shown to be attractive, 2) The font used is correct, 3) The font size can be read clearly, 4)
The size of the title of the teaching material is more proportional to the size of the content of the teaching
material , 5) The cover color arrangement and design are correct, 6) The cover illustration describes the contents
of the teaching material. Graphic feasibility is very valid. This is in line with Yunita and Hakim [24]which states
that the illustration becomes attractive with the right layout. This opinion has similarities with Fadhilah, et al
[25] which states that the use of appropriate fonts, layouts, illustrations makes the teaching materials used more
attractive to read.

Cognitive Conflict-based Teaching Materials on Momentum and Impulse Materials to improve students'
concept understanding have very valid level to validity. The results of the validation of teaching materials were
obtained from the suggestions of experts for revision. Suggestions are given in the form of improving consistent
sentences of assignments in concept discovery, presenting material coherently, improving picture sentences,
making corrections to sentences for the same thing in writing in the form of teaching materials, repeating the
head of the table automatically and completing the summary on teaching materials. The advice from these
experts is used to improve the feasibility of the teaching materials that are made.
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The practicality test of teaching materials according to students in the one to one stage was carried out at
SHS B to three students who had high, medium, and low ability levels. The practicality test results were obtained
from the analysis of the practicality test sheet instruments according to the students. In the instrument the
practicality test sheet according to students consists of four components, namely: 1) ease of use, 2)
attractiveness, 3) efficiency, and 4) benefit. Field tests are conducted to determine the feasibility of reading
materials using student response questionnaires and comment/suggestion sheets. Based on the trials conducted,
it was found that the average student response to reading material was 82.73% with the very high category. After
conducting trials in the main field, [26]. According to research by Hanum, et.al [22] Regarding the learning of
cognitive conflict models, it was found that the teaching materials they developed were also of practical value in
accordance with the teaching materials that the researchers developed. According to Khairunnisa, et.al [27]
namely the importance of attracting students' attention in the learning process. Instructional material indicators
can be used to learn independently, namely by achieving an average value of 100 [25]. Thus, cognitive conflict
based teaching materials on momentum and impulse material can be continued with practicality and
effectiveness tests through small group evaluations and field tests, so that it can use by class X physics teachers
to improve concept understand and remediate misconceptions on materials momentum and impulses.

IV. CONCLUSION

This research has produced teaching materials with characteristics composed of four syntax models of
cognitive conflict-based learning (CCBL model), as follows: (1) activation of preconceptions and
misconceptions, (2) presentation of cognitive conflict, (3) discovery of concepts and equations, and (4)
reflection. In the third syntax, real experiment video analysis is integrated on momentum and impulses material.
This teaching material is designed to overcome the problem of low conceptual understanding and
misconceptions in momentum and impulses material. This teaching material has gone through a series of tests
and revisions start from self-evaluation, expert review and one to one evaluation. Teaching materials on
momentum and impulse are appropriate in terms of content validity, construct validity, language validity and
face validity with very valid criteria. Teaching materials have practicality in aspects of ,convenience, benefits,
tariffs power and efficiency in one to one evaluation with very practical criteria. Advice for further researchers in
order to continue the development phase of the Plomp model, namely testing the practicality and effectiveness of
teaching materials through small group evaluation and field test.
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