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Trabalho @ energia sio conteudos tradconaimente abordados no estudo de Hisica ¢ engenharia. lseo 50
dave po lalo desss Wpco fazer parte di vida colehana das pessoas, ou seja. w0 habikdades de pensamanto
eritics inchidng nas reslizagdes do aprandiz agem do século XX que devem sor dominadas pelos alunos. Este
estuds teve como objelvo faser uma formutacho de svaliacho aproprisda parn mede as habddades de
penRamento critco dos sunos & reapeito do lopico de tabaho & enegla. O mélodo sistermatico de revisko ol
realix sk o inde otapas. O primsim passo fol procurar lontes relevanios de Feralura por melo de um banco de
dados o liviow. O banco do dados utilizads incluly Revistas SAGE, Bibloteca Wiy Onine. Scence D! &
Google Scholar, Foram examinacos 115 penddions ou procedimentos o solecionados 50 anigos de acordo com
08 critbrion estabelecdos. O sagundo eatagio determinou & fomulagho de indicadores de desampenho, o 0
larciwD eatdgo deservohvey lestes conceduads do habilidades do pensamento orilico. Com base nessa osluda
sobwe & satrulues concaitual o eatudo para meds a8 habddades de pensamento criico dos alunos 8m matertais
dufahcos parn rabalho = energia, pide-se conchuir qus (1) indcadores de habilidades de pennamento critics
sobwe irabalho ¢ energa nciuem nieprelacho. analse. svakacho, inferéncia. esplicacio, (2) os prncimos
hasicos da tabricacio de instrumenios de lesle do pensamento c lico incluem & agresentacio de lendmance.
mm-am!mmm-:-mmmmmmm
do Instrumenta oe tesia de habildades de pensaments oitico para andlse de indcadones

Palavras-chave: habilidaces de pensamaenta criico. energin oo rabaina, avalagdo

ABSTRACT

Work and energy are conents tradiionaly addressed in the study of physics and engnesring. This s
Because this lopic is part of peaple’s daily lives, that is, they e critical thinking skilts included in 21%-century
lnarning achievements fhat must be maslered by students. This study aimed to make an appropriate nssessment
formudabon 0 messiee students’ criical thinking skifls in work and snorgy. The systematic methad of review wos
carmied out through Bves stages  The st stap was 10 search for refevant erature sources Twough a datsbase
mm.mm—mmsnﬁsmmﬂmm Science Drecl. and Google
Sehotae. Thers were 115 mumals of proceedings that have boen sxamined and Man selecied 50 amick lollowing
establishod criteria. The second stage determned lormulsting achevermont indicators, and the Pwd ttage
wwmﬂmm“MMmummHMMdmtim
to maasure students’ crilical thinking skills in laaching malenals lor work and enesgy, §f was concluded that (1)
mdicators of critical thinking skills on work and energy include interpretation. analysss. evalustion. inlerence.
w.tzinmwmmhﬂmmmﬂﬁmmmmmmm
open-ended tosts, and lesting the ratlonality of answers; and (3] there wore examples of the apphcation of the
development of the oritical thinking skl lest instrument for indicatar analysm
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Koywords crcal thendong shills, work, snd snergy. assessrmant

ABSTRAK
Lisaha dan snergl merupakan maten pokok yang dibafas didam pelapaian Ralka den tenib. Materi ini
Do iR QY AOENR sahdr-nan yang ke obah masyarakat

in
of corsidered (Wager, 2008) Critical tinking skills
is are essential in he corex! of studer leaming.

10 do work Evan when you breahe, blink, or shit Besides. sudents wil be more carehul 1o
5 COrmas

oy

Energy.  This means that education in Indonesia must pay
There are several examples ol changes in the form  altention 10 critical thinking skilis if you want 1o get
of enargy. A rock that falls at a certain haight and good ranking results on an international scala
6 car thal shdes down on a hil are some, Both Howswer, he fac! the results of PISA in 2018 for
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ol semple problemn solving = that Indonesian
sludents are only ranked 70th out of 78 countries
measured (OECO, 2018). In the context of
odycators, 1o know the development of critical
thinking skills. an instrumant thal gives students io
do argumentation is necessary. As Gutires's
research results show, students leaming
difficulties will be seen i the questions are given in
essays, quaiiative, So the instrument of thinking
skills developman! bacomes part of the resaarch
that is continuously baelng developed (Facione,
N.C . Facione P Biohm S W.. and Gitens. 2008}

The purpose of the papar was o make an
appropriate assessmont lormulation o Me@asure
studenis’ critical thinking skills on the work and
amingy subject

l-mmumm;

The design o! this research was an
niegrative review i theee stages, namely. (1)
searching for  relovant  Werature, (2) the
jormulation of indicators of criical thinking skills on
work and energy. and (3} developed conceptual
lesis critical thinking shilly.

Tha lrst siep was © search for relevant
Rorature sources through & database and books.
The database used inchuded (1) SAGE Journais,
() Wity Onlina Library, (3) Soence Direct and (4)
Google Scholar, The saiaction of papers was
made based on the nclusion ol critena (1)

mmw.hmmmneum

sel as an indicator of criical thinking skills on work
and anefgy matarals,

The third atage of developing conceptusl
fouts was appropriathe o measure these indicators
wm exiging empincal questions and

3. RESULTS AND DISCUSSIONS:
11, Literature review
.11 Learning

The delnition of leaming according &0
Mahmud, @ a change in a person's bahavior due
o inractions with the environmoent (Mabmud,
2012). The emaronmant in quesiion m leaming o
start from learning resources, leaming ocesses.
and behaviors that support learmng. ! someone
does the leaming process o the maximum, this s
the same as developing thinking slolis (Jurin,
2013). Thus people who &= leaming are
peacticing their Thinking skills 10 be developed
coninuousty. As a resull, someone will have lite
ghills. Leaming is praclicing one's cognitive skills,
not just memorizing [Hamruni, 2011). This means
thal an educator must always evaluale whether
dunng tha leaming process can laoltate students
o Irain studerts’ cogniive or jusl memorize
information. As noled. leaming is @ complox
student action and behavior (Dimyat, 20711).

Learming is doveloped lor the thought
process and dovelops one's skils and aiftudes
(Nana Syaodh, 2011) The knowledge thal has
been possessed can also be applied in real lie
frough good behavior. To achieve the ulimate
goal in leaming needod meanngtul leaming.
which can master the concopls and lnking science
and analyzing other ideas to abtain optimal results
(Suryabrata, 2008). Leaming is a long process that
has characterstics not anly masterng the concept

Critcal Thiniking reflocts ona'n
understanding and reasonng with an element of
creathvity in making a dacision. The decision type
s based on fomulating hypothosas. questions.
ahematives, and actvity plans (Ennis; 1006)
Although the decizion taken s still in one study of
science. il do@s nal involve Analyzing other areas
of scence. The koyword in thinking about critical
fhunking skills is action based on the concep! of
rabonaity.

Critical thinking is the goal and directed
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owards he goal (Halpem, 1899) This is a type of
thinking with a specific purpose with a Toundation
of rotionalty. These include  soking

calculating

also requires a person 10 have a rafional decision
base. Anoiher view of cntical thinking is thinking o
process the knowledge possessed by someona in
the form of analysis of understanding, existing
w.:muhmw-nn
sense of accuwracy and skills 1o provide solutions
or anticipation of problems [(Moon, 2007)
Managing knowledge 1o bacome a synthesis also
mOuiras a procass of rslonalty in thinking

Opiricns about critical thinking also reiale
0 incoming nformation, namely, he ability of a
person o give detalled responses (o (he strengths
and weaknesses [Crews-Anderson, 2007) The
opinion is analyzed n principle with a goneral view
of fruth. by arangng arguments in n structured
way 1o faciltate information interpretation, Even
though Tha opinions expressed musl also be
based on the mtio of our reason, namely general
uth, meaning truth that s following common
sense. Likowise. Mason thinks critically s the
abdty of someons basad not only rooled in the
dogma of malty at a particular pampective bt
nlso integrales various perspectives. information
fha! has a reasonable ralonaie (Mason, 2009).
Whatever knowledge comes in and can stll be
justifed logically can be the bass in crtical
thinking skills. Reason and evidence O Also
important in chical thinking skills; critical thinking
= not a sel of skills that can be used at any time,
in any context (Wilingham. 2008). Critical thinking
bes in the goman of knowlodpe mastery owned by
someone and has an open atiftude towards new
idoas that have reasonad with avidence.

Other opnions concermmed with  critical
minking skails include the abllty o recognize
ovents with spocific patterns (Dana S. Dunn, Jane
5. Halonen, 2008). The ability 10 salve problems
thiough scentific and practical ways o be used,
nvolving reasoning and adapting different sense,
s new Critical reasoning includes (a) asking
gquostions and beng willing o ask questions, (b)
defining the problem  clearly, (€} examining
ovidence, (d) analyzing assumgtions (e) avoiding
emotional reasona. (1) avoscing oversempihcaton,
{g) consider alernative interpretabions, and (h)
folamie uncenainty,

In the critical perspeciive n testing one's
thinking, it also puts lorward ralional thirking and
the refloctive thinking of evaluating Munking
ndependently 1o got betier nesults (Paul, Richard;
Eider, 2014}, The mediative process of thought

includes (1) asking essential questions  and
problams, {2) formulating them clearly and
precisaly, (3) collecting and assessng redevant
mnlormation, using abstrac! idoas to bo
nterpreted eflectively, (5) arriving ol conclusions
and reasonable solutons, (8] testing the relevant
criteria and standards, (7) thinking openly in

aharative thought systems. (8) recognizing and

mphcations, and : and ()
effectivaly with others in Snding
salutions 10 complax problams.

knowigdge. Based on these results, they will have
a perspoctive on themselves as conuoeration lor
king action 10 ¥mprove thew abilies by not
civsing themaalves Io one's opinion or Being opan
o the views of others. There are also opinions 1o
respond to orguments (Wallace, 2001). His
opruon s the skl used 1o dently, analyze, and
evaluale stmements and truth claims; 10 lind and
overcome porsonal problems of bias and bias: 10
formulate and present conVINcing 1eAsons. in
suppon of conclusions, and o make sansble and
intelligent decisions aboul wha! o believe and
what 1o do.

Representations ol critical thinking skills
have seil-thinking and respond 10 a phenamenon
or object (Facione. 2008). Descnbed in dotal as a
person's cognifive skals, inchuding  miterprotation,
analysis, evaluation, inference, axplanations. and
sell-regulation, which have good, exncl, logical,
wise thinking properties, pay aflention 1o facts, are
open 1o alemalives Basad on some of these
opinions, it can be concluded thal critical thinking
skills are sudents skills in rational decision-
making with lacts leamed through experience or
experimental activities,

312 Thoughi Regquiring Instrumeni Critical
Thinking Skills

In the scenaro ol education, oritical
thinking skills are a part thal is. actually. nol an
option that must be choson bul & a undy that
cannot be releasod by The pumpose of education
itsell (Norris, 1985). With critical thinking skills, this
will help in the problem-solving process based on
valkd and relevant information (Paul, 1991 Gagne,
1988 Niu, Bahar-Horenstein. and Garvan, 2013).

Critical thinking skills are important thinking
skills and are needed by students fo carry out

ieaning activites ranging fom  assignments,
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interpreting work. and engaging n creative
assignmants given by tho leachar (Baitin,, 2002),

Stwdents who ate not accustomed 10
thinking criscally. if thay get a diferent concopt,
foel themseives a failure, and cannol withsiand

materal r-quiru cntical thinking skills, Each
material must be reviewed in depth 1o prepane
gtudents’ critical thinking skills (Holmes of al.,
2015; Arend. 2012)

valid results. Ther tools of students' critical thinking
skills are still imited (Bassatt, 2016, Susiekova,
Kubsatko, and Usak, 2019, Istyond, Dwandaru,
Lede. Rahayu, and Madapdap. 2019). Examples
include  Watson-Glaser  Critical  Appraisal
Appraisal  (WGCTA)  (Waston, 1880) Thia
instrument continues 1o develop and undergo
improvements (Watson, G, Giaser, E. M., ang
Essay Test (EWCTET) (Ennis, Robert M, 1985),
Comell Critical Thinking Test (CCTT) (Ennis, ALH..
Millman, J., Tomko, 1985, Tomko. 1085) the
Callornia Cntical Thinking Dispoason (CCTDH)
(Banning. 2008), the inftemational Critical Thinking
Essay Test (Paul, A, and Elder. 2007) the
Caolifornia Critical Thinking Skills test (CCTST)
(Faciore, N.C., Faciong, P, Blohm, SW., and
Gitters, 2008). and Assesament Critical Thinking
Haipern (Halpern. 2010),

The measurement of critical thinking skills
will be maximized to be applied o a particular
subject matier, 30 this mpacts leachars 1o pracios
criticil thinking shkills in each subect (Nitco, 2011)
The measurement results will also be more valid if
crical thinking skills ame doveloped 10 conain
specifications (Tiruneh, De Cock, Weldeslassie,
Elen, and Janssen, 2017. Kuhn and Kuhn, 1899).
Aesearch thal measures cntical i akilin
uses The Califomia Criical Thinking Disposdtion
Invortory  (CCTDI-A), which Fasione has
w;&mmnm.w.w
Kabagiar, 2015). § uses the basic principle of
Halparn in the fomn of @ Mulli Response Format
Test on heat material (Mahbubah, Rusdiana,
Juanda. Hemita, and Hakim, 2018; Sya'Bandar,

Feman, and Rusysli, 2018). The material on
mamentum has beon developed using essay lests
(Negoro, Rusdowatl., Aj. and Jaslar, 2020)
electrical maner (Apri and Kuswanto, 2017), fuid
matier (Wartono, Hudha, and Batiolona, 2018;
Maknun, 2020; Rosidin, W Distrik, and Herina,
2018; Yulianh, Wiyanto, Rusilowall, Nugroha, and
Pangesti, 2019), photoolectric effect (Sutarno,
Setiawan, Suhandi, Kaniawat, and Mabk, 2018)
and Hooke's law (Asmawati, Rosein and a
2018),

The development of measurement of
critical thinking skills alows conlinueng on any
physics matenal due 1o the nature of the material
{Molmes af al, 2015). One of the matorials used 10
measure students’ critical thinking skills is work
and energy. Energy material is silil found basic
mistakes n everyday We (Dega and Govender,
2016)

3.1.5 Work and Energy

The energy lokes various lorms. in
penoral, all physical processes that occur in The
unverse requine energy (Jeweat, 2010), Everyone
cannol be avoided in the concept of enargy. For
mample, the sun, neaded by the kaves for
photosynthesis, and there & a long process of the
lood chain, which also requires onhergy. The
definllion o the concept of energy is stll
considorad a sourca that has the potential to drive
an object (Bichiold, 2018). Students assume thal
energy 5 something needed 10 move, heat, of
ignite. Or, the leacher can express the definiion of
onargy by giving examples. Lights require anargy
to lluminate. When discussing energy that needs
o be conveyad (8 tha most important concapt in
energy, namely the law of anargy (Jeweet, 2010}
The law of conservahon of energy and momentum
is lundamental when dealng with the systems of
overy object. The concept ol enemy is not only
uselul in the study of motion but all fields in physics
and science (Glancoli, 1997

The subject of the study dacussed anergy,
ncluding gravitational potential energy. kinetic
enargy, and work. which is ususlly difficult to
separale s0 thal @ s included in Mo law of
conservaton of mechanical enengy. However, this
engrgy conservalion slateman! remains kmited o
the ideal syslem withoul menlioning onergy
degradation. In the dassoom leaming process, a
wacher must be able 10 refate e enegy oMNExt
o the experience of students al the school level
Besides. in teaching scientific work. leachers must
conaider a language easlly understood by
students (Warren and Richmond, 2018). One of
the ditficulties of the students in leaming anergy is

L&Tﬂm GEN -0 20208, wol 17 i 38
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epstemology knowledge gained i leaming.
(Papadours o al, 2014). Therefore, Il is
necessary to develop lests that aliow students o
interpret the understanding obtained in work and
enargy leaming.

32 Determination of Critical Thinking Skills
Indicators on  and Ensrgy material

The number of studms related o crtical
thinking skills impacts the many diflerent
mndicators ol achievenant of sach expert thinker
(Halparm, 2014a) This can cause no standard
rafarence lor tho development of measufing
instruments. Some use Facione (Ozaoy-Guneg of
al, 20158), Helpem contept (Mahbubah of al,
2018; Sutamo af al, 2018), Ennis concepl (Nisa,
Jatmiko, and Koestian, 2018, Warlono & al,
2018). Watson concept (Folty Eidy and Sulaiman,
2013), Fasione concepl (fandra Nurhudaya,
2019, Waish, Quinn, Wiaman, and Homes, 2019;
Azikovitsh-Udi and Amit, 2011). Another lorm ol
detarmining indicators of critical thinking is one
hat summarizes the opinions of expens (Negoro
el al, 2020; Apni and Kuswanlo, 2017;

outcomes in the materisl work and enargy.

The achievement of work and enemy
learning for the Physics learning cumiculum In
indonessa includes (a) analyzing the contepts of

inference, and explanalions (Table
regulation indicators are inciuded in the alfective
domain (Paul, A, and Eider, 2007). It does not

Table 1 can be described as the procims of
determining indicators Tor work energy matevial by
looking for & st of indicators that are often used
g5 a8 benchmark thai the indicators have n

Parincihco Tohd Quimica, 155N 2173-0002 (2020), wol 17 in* 20
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The first indicalor s relaed (o the
interpretation. 1 has the same fhought In
it tha | hﬂﬂhunuﬁ:ﬂ
hrtngdlll Dana §. Dunn, Jane 5. Halonen,
2009) and (Facione, 2009), which is relevan 1o
mmhmu.ﬂmﬁwh
work and energy leamers 8 a process of

understanding and expressing meaning or & ioad
meaning, vanous expenences, siluations, data,
avonts related 1o wark and ensigy phanomana intn
language that & saslly understood by others
(Maknun, 2020 Yulant of af, 2019; Reynders af
al, 2020).

The second indicalor is relaled to
determine analytical indicators in criical thinking
skills. These indicalors are  the basic
characteristics of thinking skills |(Bassham and
Wallace. 2013, Crews-Anderson. 2007, Dana S
Dunn. Jano S Halonen, 2009, Fadono, 2009,
Moon, 2007) relevant 1o tha indicators of learming
achievemant of leaming in point a. In olher words,
i s an analysis in the applcation of work and
anergy ieamers 0 wentify e desired and actual
inferential  relatonships among  Quostions,
concepls, descriptions, o other loms in the work
and energy frame (Negoro &f al, 2020; Yulant ef
al | P018; Roynders, Lantr, Ruder, Stanford, and
Cuole, 2020)

The Third, evaluaion indicator, some
axparts have the sama (hought in deltermining
evalualion indicalors I critical thinking skills
(Facione, 2009; Walace, 2001) relevant o
learming achwevement ol leaming in point b. The
evaluation Rsell can be apphed in work and energy
lparnara as a process of nasessing A statemant or
information related o concapts contained in work
and energy (Yulant of &, 2019, Reynders of al,

The fourth indicator is related 10 inference.
Some exports have ®w same thought in
determining indicators ol formulating hypotheses
in ontical thinking skills {Ennis, 1856) and (Dana &
Dunn, Jane S. Hilonen, 2008) relevant to learning
achievement of leaming in point b Formulating
ons's hypothasis can bo apphind in work and
anargy laamets, identilying a phenomanon relaled
o work and energy implementation o drow
conclusions hsl make sense to lorm guesses or
W (Maknun, 2020, Reynders of al,

).

The &fth s misled 10 explanalions
indicator, Soma experts have the same thought in
determining explanaiory indicators  In  critical
thinking skills (Moon. 2007) and (Facione, 2009),
relevan! 1o barming achevement m point & This

causes axplanations o be applied n work and
energy leamers, 10 siate and explain by
considening 1he concepiual evidence of work and
energy agreed o convinge someone (Reynders &l
al, 2020)

1.3, The basic principie of making a Test instrument
Critical thinking

Attr the indcator of critical thinking skills
s determinad. the next slep is how 10 make the
st instrument. The instrument is said 1o be good
if it can avaluate or assess something with resulls
loliowing the objectives of aitcal thinking skills
(Facione, 2008).

Based on both theorstical and research
findings related 1o critcal thinking skills, there were

. ichﬁm,cm pitsiid
Tiruneh lll.. 2017 mu of

2015; Halpemn, 2014b; Lawson, 2004) #l:l
mmmmwwm
(wilingham, 2008, Etkina and Planindit, 2015)
The test can be in pchures. graphics, daly life
events, and miprmaton ffom a media
{SyaBandan ef al . 2018)

Second, the type of tesl, the design, is
made in e ‘om of an openended Ths =
becauss I ghves more opporunity t0 express
students’ fhinking sirelegies. Open-ended tes
questions can stimulale essental aspocts of

rethinking, or
QUneratng  now {Franco, Costa. and
Almanda, 2018; Franco &f al, 2018; Tiruneh o af,
2017, Asmawat of &l 2018)

Thard, maasurs rebonalily answer. Critical
thinking means has & reasonable
explanation (Mahbubah of al, 2018. Negoro of &,
2020 istiyono of al, 2019, Abidin istiyono,
Fadiah, and Dwandaru, 2019). Reasonable
means the ability 1o think that tries 1o connect
known facts into a conclusion | Ennis. 1996,
Sutamno of al, 2019; Abiiin, Isiiyono. Fadilah. nnd
Dwandara, 2019),

Portcicr Tohd Quirrica. ISSN 21790002 (20204, vl 1T (n* M)
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Figure 2. A panduium & dropped from point P 1o
T pont

Question. Why do you think the pendulum never
reaches the L-point?

Scoring guice. Grading Guige for ilem The
foliowing are the ideal complote answers that o
was expeciid from the students:

« The difference in the height of the postions p

and U aflects the diference in potental energy
Or the potential ensrgy at point U is greater
than the potertial energy at point P or vice
versa This & conlrary 1o the law of

Mramitaced hom s Deroocs

conservition ol mechanical energy, namety the
amount betwaon polential enargy and Kinatic
eneigy s always constant (Substance score
answar 4 points)

« Tha potential anergy ai pont U is greater than
the potential energy ol poird P or vice virsa
{Substance of the answar score: 3 points)

« Thete & a potential energy differance

{Substance of the answer score: 2 ponis)

The
siudentsl
(Franco of #l, 2018, Franco of ai, 2018; Twunesh
& al, 2017, Asmawatl of al, 2018). The form of
the opon-anded tes! in ho exampie guestions is
he gqueston senlence, “Why do you think the
pendulum never reaches tha Li-point?”

Measure rationality answer, answers
based on u concepts, in fad, o
conciude (Mahbubzh of al, 2018 Negoro of al.
2020. styono of al, 2019 Abidin, Istiyono,
Fadizh, and Dwandaru, 2019; Sutamo of al,
2019; Ahetin, lsiyono, Fadilah, and Dwandaru,
2019), The lorm of rationality testing lor each
student's answer s a standard referance

wmmmmmulmnmmn
appendix 1
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4. CONCLUSIONS:

1. Inclicatons of critical Minking skills on work and
anergy  include  inlorpretation.  analysis.
evaluaton, inference, explanation

2. The basic principles of making critical thinking
lest instruments  include  preserting
phenomeni. opon-ended wests, and testing

tha rationality of answers

3. There was an example ol applying the
devalopment of the critical thinking skills tost
instrument for indicalor analysis.
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Critical Study of Siudy o Work and

Critical Tm ? @ Ililmlta

Critical Thinking Skils on work and energy
matenal nclude evaluaton, explanaton
mlarence. inievpretation. and analvsis.

{

Lanming activities thal pay attenton 1o the slement of nquiry n
the events thal are around and have been experienced by
siudents or provide dired experience thiough experimonts

Figure 1. Conceplual Framework of Critical Thinking Work-Energy Test
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Tabie 1. Datermination of Critical Thinking Skills: Indicalos on Work and Energy Malacial

Literature Indicator of Critical Thinking w'-' Reievance Indicatorn
1. Enws, 1956  a formulale a hypothess - o -
b, guestion,
¢ aternative,
- . d andactvity plan o
Dana Dunn. a Fommulate a hypothess Rispeiiae Smal
Jane 5. b conclusion, Halonen. 2000:
Halonen, 2008 ¢ calculating possibilitios. ) " .
2007 : - e :: m;:rq Facione, 20089)
b expianaton it
c £ S B m— R wwnw
- _ ‘““'-'“ work relabons and Wallace, 2013;
m"‘"“_‘r - prelsion {work) and energy G’M-And!rgm
', ] S— —— changes, energy 2007, Dana S. Dunn,
“‘;ﬂ'ﬂ:m Analysis  conservation laws. Jane S. Halonen.
Wilingham.  Analysis and their 2009; Facione, 2009;
— O B s e application in Moon, 2007)
Jane 5 b. axamine the avidence, 48 Propose  Evaluabon (Bassham
Halonen, 2008 ¢ analyze assumptions ideas for solving  and Wallace. 2013,
d. avoid emotional reasons, moton problems  Facone 2009)
l.- WMI"F?;ML mm.-w
. inlerprotason. applying scentific  Inference (Dana S.
B g lolerate unceriainty methods, energy  Dunn, Jane S.
B. Basshamand a. idoniify, concepls, work, Halonen, 2000, Ennis.
Wallace, 2013 b analyze, and and energy 1996)
¢. evaluate arguments. and  concarvation laws
o diuhcdaims;, Explanation(F acione,
Facione, 2009 & nlinpretation 2008 Moon. 2007)
b. analysis.
c. evaluation,
d. Intererce,
e explanation
1. sell-reguiation
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APPENDIX 1
Example Assessment of Thinking Skills Tests on Work Materials and Energy

The appication of making critical thinking tests of students in grade 11 high school students to provide
an overview related 0 indicators. answer keys, and guiding guidetines which include indicators (1)
Interpret he experimental data, (2) analyze kinetic energy, (3) evalualing work concep! staiements
comectly. (4) making irerence related to kinetic energy and (5) explaining the concept of kinetic energy

A tem number 1

e 8 Pwa |

Mﬂﬂmﬂhlwmmﬂllmnw

ond then measured its energy value as a graph
mmmummm

i Rom number 1 measures one sub-skil in e element of critical

et gunkdng skils, namely interpretation indiestor: Students Interpret
brims ayperimental data on the relationship ol kinelic energy with speed

[see Table 1). The figue s the cbsorvational data reloted 1o the relationship batween speed and the

Kinetic energy produced.

Sconng guide: Grading Guide for dem problem number 1

e The lollowing are the ideal complete answers that (he authors expect from a student:

With the same period. kinetic energy s proporiional 1o the speed quadrant. (Substance of answer,

score: 4 Point)

The greater the speed, the kinelic energy also increases. (Substance score answer: 3 points)

Kinatic onorgy is related to the spaad of forming a curve. (Substance score answer: 3 points)

Kinetic gnengy is determined by speed (Substance answer score. 3 points)

Answering with a wrong concept or nol answering. (Score: | point)

B. Item number 2

Descrption of the probiem
A pendulum is dropped from point P, pay attention o the movement
R ol the pendulum. The moveman! starts from point P, going 1o O,
a /7| N going 10 S, and finally going 10 T
&, \ A Question
?’ mmmhmmmﬂmmmw

informabion
em number 2 measures one sub-skill n the element of oritical thinking skils, namely analyze
indicator: Siudents axpiore the kinetic energy in a pendulum (see Table 1). The fem requires that wivy
e pendulum removed does nol exceed the initial height when the object was removed, associite the
phenpmenon with the ipvs of conservalion of mechanicnl enengy.
Seoving guide: Grading Guide for Rem problem number 2
» The following are the ideal complete answers that the authors expect from a student:
The diflerance in the of the positions p and U affects the difference in energy. OF the
potential energy ot U is greates than the potental energy al point P or vice versa. This is
contrary 1o the law ol conservation ol mechanical enargy, namely the amoun! between polential
anergy and kinolic enargy is always constant. [Substance scom answet: 4 points)
= The potentisl energy at pont U is greater than the potentil energy al pont P or vice versa.
(Substance of the answer soore . 3 posnts)
+ Them is a potential energy difference. | Substance ol the answer scora. 2 poinis)
Altitude impacts potential enargy. (Subatance of the answer score 1 point)
* Answering with a wrong concept or nol responding. {Scone: 0 ponts)

L]
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C. lem number 3

Pascription gl the problem

An employee in @ company always chooses & sloping area 1o gt
Qoods inika & car that has a high body. According 1o him this is dus
to the work needed 1o move obyects lighter than directly lifting up

&MQHMNMMHMHFM

Information

fem number 3 measures one sub-skill in cribcal thinking skills,

namely evaluate indicalor Studenis consider work concepl

staternents comrectly (sea Table 1). The item requires thal students criicize or evaluate the ganeral

gtaternent that 'm the incline of the work required to move objects lighter than directly ramed,' whether

the principle is following the concept of work.

Sconng gucde: Grading Guide for fem number 3

s The folowing are the ideal complete answers that the authors expect from a student.
The st mmmﬂwdmatmw%wwﬂlnhﬂuﬁmyIMHmw
right. Tha work should be of the same amourt. What is ditferent s the style, the lorce required by
tha anmumwrmmhnmdhmﬁhmd
lofce towards the back is lighter than the woight of the cbiect. So the employes noeds less foroe
than the weight of the object. [Score 4 points):

+ The statement is not quite right. The nght thing is the style is smaller becauss it forms an anghe g0
thist the style is smaller (Substance of the answar Score: 3 poinis)

« The stalement i loss precise, which is precsely the small lorce due 10 the length of the track
(Substance of the anvees score: 2 points)

+ The siatement is incorrect. [Score: 1)

= Answering is not following the concoept. Or not at oll (Score; 0)

0. tem number 4

Degcroton of the probigm

Mima has theoo marbles with size diference

a. Large marbles

b. Medium-sited marties

c. Small marbles

Of tha three martles dropped with a howgiht of 2 meters on the Noor prapaned plashicing 1o measura the
depth of the marblas.

m'ldnmhmmhmmmmhﬂ

Bom number 4 measures one sub-skill in the element of criical thinking skills, namely interforence

indicator: Students make hypotheses related 1o kinetic energy (see Table 1), The lem requires thal

the phancmanon when marbles with ditleran! mass sizes are droppod al the sams helght impacts the

speod ol the law ol conservation of mechanical energy.

Sconng guide Grading Guide for fam probilem numibes 4

s The foliowing are the ideal complete answers thal the authors expect lrom a student:
The kinetic energy of the object determines the depth of the plasticine basin, The greater the kinetic
enargy ol the plastic depth, the deeper the plashc basin, The amoun! of mass and speed delorming
hlnﬂnmrg:ﬂhmﬂnmmgyupmpmﬁuﬁﬂnﬂmmuuﬂh:puﬁdhqm Thoretone

mass. the grealer the kinelic energy. So thatl the bgges! number one marbie has the

mnm {Substance of answer, score. 4 Point)

= Depih will be different, difierences in kinetic energy cause this. So that the most significani number
one marbie has the deepes! basin (Substance answar score 3)

+ The mast significant number one marblen have the deopest basins because they have the most
prominent lime. (Substance score answar: 2 ponis)

* Marbles number one (Scome: 1 point)

= Answering with a different concept or nol answering (Scom 0)
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E. em number 5.

Description of the probiem
Whaen riding a bicycie. whon going down the bridge without us, the speed of the bike decreases faster
Bnd faster

Question
Why do you think so7

numbaer 5 measums one sub-akill in the slement of critical thinking skills, namely explanation
indicator: Students explain the concept of mecharical energy (soe Table 1), The kem requires thal the
phenomenon when taveling downhdl the speed gets igoer ‘elate the phenomenon 10 e law of
conservation ol mechancal . _
Scorng gukie: Grading Guide for tem problem number 5
s The lollowing are the ideal complate answers thal the authors expect from & shudent
This is caused by the existence of the law of conservation of enargy. in thal case. thore are thiva
main concepts, namely potential energy, work, and kinetic energy, the amount whoen the main
component s equal 1o the value of the object st maximum haght. If the bicycle dacreases; the
amount of gravitabonal potential energy decreases to impact the magnitude of kinelic energy and
work. {Substance of answer, score. 4 Point)
= This is due lo the law ol conserviation of enengy 50 thal in tme decreases, polertial energy
decreases, and kinglic enengy Ncroases. (Subsiance scone answed 3 poinis)
This is due 10 the law of conservation of energy (Substance answer score: 2 points)
Gravitational poterial energy decreases (Score. 1 poini)
= Answaring with a different concept or not answaring (Score: 0)
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