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Abstruct

The studems need o kearnmg strategy thad is compatdhle o devebop clectncal circul
prhlems completion.  Adddionally, prohlem-solving stestegy  lepistemic game) will
develop 2 lenming process that can stimmlige the completion of physics. This cose
enoourges the resecarcher o determine the cpobemec gome of moderabe physics-capahlo
stadents in solving cleotricall circuit prohlems. Morzover, bl is gualilative rescarch, and the
punicipam of the research bs the siwdenis who leam the cleoinical cicuit, Modemie
plaies-capale studes & moderaely capabde siubents o o 13 students) Dased on Cher
physics onderstanding test resudls. Test und inberview were ased by the researcher i
colbect daca, The veat consists of a physies onderstarding 1est and a0 elecmcal circuin b,
The physics understanding wst ks used w0 determine the level of sodens' phyaics
understimding . while the cloctrecal circunt ted 15 vsed o determime students” cpstemac
gumes v silve the problems. The reseach finding showed the episemic game of
mnderale plyshes-capable siidems was obdained Trom the analyvss resall of e elecirical
circuit fest and inderviem. The amlysis resalt of the fird test, the secoad fest, the third best,
arel the severih et showed that the ganse tsed fs solvwe problenys was oransliseration o
mathemutics. Meounwhibe, the studenls ussd mapping mathemsiics 0 meaning  and
transliteteon i mathematics to solve the problems in the founh test. The analvsis resall
afl the fifth west and the eight fes shoaexd shin the sndencs psed mapping mathemaics 1o
megaaing 0o solee e problems. Funheanone, the sixih est was completed By mapping
meaning by mathemtics,
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TN RO CTTON

Stimlends' understandmg  and
eapermneing hove s big mole o the
prstalem-sodving IS The
applicativn of prohlem-selving stregy
iaonol allecked by qualiBative  of
quandifabive.  Hesides, siudents  1me
corcepisnl and msthomatical peasomng
m gencraling problem-solving shatinos
{Chen, Irving. & Sayre. 20130 Leaming
development  must be bosed on the
crgrnlive provess and desenpion of how
o mpresen! knowledpe md  develop
students' compatence The elaboration of
the engnitive process o salve the physics
prsbilein noeds & compatible model, The
COENitive process  soours in students”
houghis  when  bey solve  physcs
prhlems. Accamlmg 0 Hancong &
Subaer (2003) the dudemiz who have
cgual ability in managmg  infommation
will - achieve  pomd achievement  m
leamimg. Meanwhile, the smdems wha
have  egual  abifiy  m cezanidng
mfonmeme will have on nefuvonble
achigwement. Therefore, i1 B mecisscy
i croile o beamning environment which
coin mike the students balancing  their
abilly, T form the  sukleras”  of
understinding and providing lnlematicn
i snlve sime pmiblems ane dependecd on
ihe aducational purpeses moadicalabng
the problem  selection and  design
i Teadoreso & ial, 2003y,
lenpbemertnion of g model can Ensprove
thee shaderms” critienl chinkirg, concept
anderstaniding,  aml  pmblem-salving
process (Fanyanl, Supeno. & Marvani,
2018; Hidayut, Hokim, & Lio, 200%;
Praciwi. Ado, & lgut, 2009, A model
well a3 dhe  long-term impacis of
insmuctional development oo wacleng
{Ihrzhim, Clark, FEeese, & Shinzles,
ArXl). Besides, it ean ehacge duldents’
thmking patlern in splving  problem
iPuspitpson & MMupawi, 20| %),

From ihe students’ puinl-:d"'-i:w, (B
devebop  stwdenis”  ahility o solving
stnactuml pmblems, firsly. they have fo
bebwve that she sondind  peocedural

H

approach will nek alwuys enough . o
aplve  ecsentifec  chabbenpes  (Ozilvie,
X0}, Developrment aml sirengthening
the  sudens”  probbenesolving  ability
require an approsch B othe form of
curnpatilali clallenpes. B s,
argumzed mderstunding can be used io
atalyze preblems qualivitively and to
plan  possable  solstbons . to momtor
siudents' ability In progress [Ogilvie,
Ay, I shows thut the problem-salving
sralEgy depislenmic game) ol the Sslen
i less developed. The development of
this strasegy requines explicnt dscusson
in the teaching-lesrnimyg prooass.

The  wlationship  between  the
students’ thought and their ahility shows
hat  the suxlents  bave an  egual
mdersndmg  repanding prehblem-
solving i physics (Tuminam & Readish,
AHNT . The cpistcmic gnme o show the
mefatiorship of smudents’ underssanding
al prohlem-solving by developg iheir
inellecoal (Hu, Chen. Lesk, Young,
Sapdangeln, Fwickl, & Mortn, 200%;
Mason & Berrwm, 2006 Toharudin,
Hendmwim, &  RBostaman, 2001;
Tuminors & Redish, 2007, Bwery
sAudent has g dilferenl ¢pelenic g [
=obve the preblemss I ds depended on
their  knowledge  and  mmdersinnd mg.
Bezidhis, the preseitad pashlems can alsa
influence students”  thoughts.  ‘When
difficull problems were given 10 the
studepts, the presentasion of the equation
= nepded ta help them in o sslving
preserted proclemns,

There are =il many misconception
and diffecalties in undesanding  the
clectrical cicait, It is oceumed due to the
Ik wf devclopmem of the eboctricad
cercuil concepl. Mool of the simlents cnly
wied ishomtory work which i already
meffective, Memawhila, physics leaming
i= 0 andy of concepd und expenence.
Besides, formiap @ discossion wam also
has a positive effect on siudents’ plysecs
b ndmg. The difficultees amd the
misgrmesptions 0 deaming  ebactncnd
ciicuits, [ included the basic concepd and
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the circuit of the elednoad circoat Aself
Papdimitrios, 202 Honee,  the
stadents noed o kearning sraepy that is
compatible s develop ekectrica circuit
prodlems  completion.  Additioraily,
peblem-sdving  sirElegy  (epistentic
gumej will develop a leaming process
that can  glivubats & completion ol
physics. This case encournges  the
msearcher 1o determine the cpistemic
gume  of  mederae  physics-capahle
stmlents o sodving  clecirical  circuil
prhlems.

METHOD

This s gualiwmtive research. Dutn
cobkeaction of qualitsive esearch used
mberview, elecirical  circuid  test,  and
phivsics urderstanding test, I was used
to doetermime  the cpistemic gome of
milerabe  phyvsics-capalls  stsdents in
sollving eleciricl cirguit pridlems,

The episie e s
detenmined by the students” mnswers o 8
elecirncal circai probdens thi ore given
i them. Then. d =5 anzlyeed umnog the
ientificatien mubaic of the epistemic
i {inapping EiEaning 1o
mspdiematics. mmpping  matiemaics w
meaming, physical mechamism. piotoriad
arshlyess,  recursive plug and  ebag,
translderntion 10 mathematics).  The
instrument  eorelapon  coefficiem  of
0500 was greater than the coselation
coefficient of rablz =0 that  (he
insirmmment is vaid. And the insiromesnt
rediabifity cocfficent was 0G0 widch i3
grealer than (.5 so the mstrument wus
refiahle.

The participurt of  this rescarch
wens e students who  kam o the
elecirical cincod, They are the stderds
of Engineenng Faculty of Universitas
Musaptam PGRI Kediri {conssts of 9@
stadends of Ekectricol Enginecring o 4
stulemis of  Industrial  Enpmecnngh.
Modaae physics-capable siudénts (4
milerstely capahle sudents o of |5
smdemiz]  based  on their physics

35

mmderstanding bt resuls. Stodems

physics  understanding  ore  groopid
based on ihe eritena listed in Table | ae
folkw,

Tabkz | Grouping Crivaga of Suadens’
Flagsics Understanding

Physic Seore (PS)  Understanding
7o = S5F< 100 High
60 = S5F <75 Muoderate
0= 5F = &0 Lisww

| Banannaman & Laarens, 200 1)

The dechnigque of mllecting data
wis comductad using Py wohisgues,
they ure &= Ealloe: {1} Test @ the st wus
the  physies . understending  test  {the
preblem consiatad of 10 basic physies
maberial questions) mnd the electricad
circuid jesi (the pmblem consished of 8
feplacement reskiance  and  electrical
circuid), mnd 2% Inferview:; The
infervicw was bosed on tbe wasn b was
comducted e obmin elear  doin
cencerning stulents” epstomic game in
cianpleting the elegirical circuit fest, The
inreryiew wis provided for 2l sudents
who howe o0 moderute understandineg of
commpheting tw cheetrical ¢ireuit fest. The
interveew  mabric ae @ Iedlows (1)
Respomses W completing  electncal
cirguil  prablem, (21 The  stiglems’
caplanation m choosing the Plow o
completmg  electrical cecunl problem,
{3y The stadenta’ explanation in sing
symbek 1o complete ebecirical cireuit
prablem. {4 The sueleris® explanation
in  drawing the electrical  gircwit
comipkeie ekectrical cirouit probiem,

The technague of analyrmg datn of
this wesenoch was bosed on Mile &
Hubenman | 1% stopes. They woro
dmu meduction, dma presenuiion, and
conclusion. The explurations of those
SAages are s folkaw: (1) Data reduction;
D rehoscison within  this research
comnalE of activities involves e progess
af sclecong datn {epislemsc game data ar
rol) based on the pelevince bevel and s
melaton wilh each group of gmne dam.




Puspiaa e al’ Berkalo Wenlah Pendidskon Fiails 8 (1) 2020 33-39

Hexider, ot focused on the dolm emered
b0 GpEiemic game data, simplified o
duta of epistense zame o the fiekd in the
fowmn ool amse date grop, made albstmct
and  tmsfonms  dee oblaina o
general  episbemic e das, The
activities o the dain redochion e
staited by sesding,  learning,  and
understanding il of obtamed data. {2)
Dial presentutioms Data presentation of
this  rescarch  consisis  of  grouping
setivity ased on craeds for groupsng
stadems” physics umidersndan g
presented i Table 1. Punthermore, the
duta identification conducted by writing
oipanized  and  coteporized  data
colkeciinn., w i can be possible 1o
worciude, Therelme, the aimad ol dala
preEsemntion wehivity is ko conclude
easily, and {3 Coosclision,  the
corclusion B3 giving  meaning  and
caplonation  of ths data prescntation
owicwme, i is  showed w Fermmluie
studems” problem-solving sirae2ies in
completing the electmeol circmit. The
corciusion iz obviaimed based on the dara
preseniation.

RESULT AN DTRCTUSSI0N
Muoderate physics-capahle studenis
used b eplstemiic game in cempleting
the clectricad  circud  problem. The
eaplamation s; the sulens usal physical
matchaniame  in completing the  fies,
secomil, thind, and =ixth fee1 by drwing
the circwit of each completion stage vt
didd mot mvalve any svmbols, caleulabed
slep by step, wnting  symbals {hor
determining B series or B pammlld oalyy,
Anaiber cpistemic game which was osed
ke cormplewe 1erst, secaorl. Uiird. and sigth
fest wae tmnslderotion e mathematics,
In this game, the sudents did the fest
neatly and . strmightly vet did not ase any
formubaz o equations i solvieg  the
prblems. aml  the smdenits  should
caloube siep by wiep o the gaame, The
example of  pmoblem-solving was
compheted by moderate phisics-capable

i

shislents: bt use  transkderution 1o
mathematies was presenied i Figure |

1L aLiangigt e b e

il g |
L
3 bt
h' §. Mk
[
1
T ] ==
Fpue | Using  Transliemtion o

Mabematics in Completing
Problems

Mapping meoming 1o mathematics
wis abse used o complete the Tirst,
sooowd,  thind, amd  sisth k=i, o
conducting the pame, the stxlems dnea
the circuil of each completion stage but
did pot ovse any  synbods, caleulsed
concisely, and wrole the symbeks {for
diterrmining B series or B pamlicd only),
The example of problem-solving was
cimnpksied by modermie physics-capoble
adents 10 U= mEppng  meaning 1o
mathermatics was presented o Figuse 2

I — 1 =
LY T atan by i)
Abhi Gl o "N LTTH .
Ligaid Liniukm
Aiihi TR E
T
1L TR
Akt =
i ML feeew o ffgeqjuil 4B i, ayf
ibin itk # S SHEILA RN
TR | [ B 1
L LT -
L] FT B 1 {1 1
L, Ihiin
B | :-I
- .J..l .F 1
PTG iR
Ji 13 lasin-®
e 1 T
- S
=l N
—_— LLWT.TT 4
Fmre 1 lkmg Moppinp Memng o

hathematics in Compleling
Profilems
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Than, ths sfudentc who  wsed
peesorsal analyais compleied  the fiest,
second, thind, and sixth fest by deawing
the cincuin of each conaplesion stapes, In
this pame, they also did nod e any
syrnfols, calculad siep by sbep, and
wmke symbole {for determining B senes
or B parallel cnly ),

Moreowver, in the tourth, fitth, and
cighth test the swdents uwsed mapping
mehemutics 0 meaning n completing
the problem, Inothis game, U siddents
cubroulated by writing doen Kirchofl oy
at ihe beginning, lsbeling each loop,
corchicting substitution and elimmmtion.
The example of preblem-solving was
completed by moderabe physics-capable
Aadents 0 wse nspping EElhenstics W
meaming was presended in Figare 3
. o !

Ll R
LT o R

u IR L N

LT L B

e R THE R
B
LT R B

AL1RECN

= alaid 1 _.._'.7-_'.4
|_|!'_. 1 i__:l.h.
L
AT = Lt o 7
AT T
1.4 bk e
- il
I Xl
i TR I
LAl L
T L L1l Fe o
i HEL alawgar
Lild TR |
— VL H -3
T T
i = ———
e g |

Figume 3 Lsing Mapping Mathemtics to
Meaning in Completing
Prohlems

The pictonal malyss wes aloo wsed
e complete the fourth, Cifib, asd eighth
iest where the studenis dew the imain
circuin by dmwing the dinection of cich
baop,  culubating by writing  down
Kircharm  law w0 e Deginning,
conchicting suhstitutiom and elmmuotion.
The - sudents  wsed  cEnalderaten 1o
mithematcs o solve the probiems by
caloulting step by step, writing symbols
anby T deiermiming B series or R
paralle]

In the severdh lest, Lhe stadents used
traneliterstion s mathematcs @ solve
clactricad crcust problems. In this case,
the smudert did the st oeatly  and
strukghily ved did mot use any fornmles or
cuuaLtions in selvidg 1D problems, they
fended fo caleulwe  gmicklyiconciely.
angl they dicd nod mse dhe Wihestsone
brdge ecgoobon. Physiscal  mechanism
wig olsy msed by the  swdents o
coimphste il sevemh est in drowing the
cicull ol the  Wheamicne  brilge.
mmidemtaking  the probiems pently  amd
comeecntively, thoy s did por ose
formmulation or eguaticn. They  alse
el o calcoudane quickly and concisely
and did no mse e Whealsiome bridge
cyuation. Meunwhile, e siuderts wha
mwed  recursive  plup oand  chmg i
comphete  the  seventh  test they
comploied il neatly and consecutively,
wsed  Tormubatbondequaton,  wnded 10
conird step by oatep, ond did oped wse
Whemztane hridpe equation,

Muoderme physics-capohle studenis
include four soederns, Epistembe game
distrthution ol moderme physics-capuble
studetits in gompleting cloctrical ciruit
prehlems s provided in Tabbe 2.

Tuhle 2 Epicemic Came Distribution of Medemte Physics-Capoble Students in
Conmpboting Electvical Circuei Problems
Studden Test
I 4 3 L] 3 i 7 8
Min TM O TM TR TA MMMZ AIMMI TM MAMZ
Mil  TM TR TH MMBZ MMM2 MMMI TM  MMM2

b
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M12
MIA

T TA TR PMMAZ AMMMZ AMMI

TH TR Th MNMZ MMBMZ MMM

T B2
T MMIMZ

Mmie: W = The Code of Sumlent; MM MI & Mapping Meaning 1o Mabemnics. MMMZs
Mappaig Mathemal lcs to Mearing: T = Tramsliteratson to Mahematics

The mesearch finding showed  thir
thie students salved the st by Fellowsng
the cognmition precess. Formation  of
uniderstaniding el providing
informaaon o anlve wme problems ans
deperded an the eduwcutionad purposes in
articulating the problem sebection and
design  {Teodoresou & ol 203}, The
stadems caloulated by wrtmg down the
appropriake luw at the beginring. lubeled
cach lmap and  contoced  sebsrinmon
arel elimination. The sdents develap o
coreepisal sory relating 1o the phivsics
egution in mappmg  mathematics o
meaning gamcs | Taminane & Readish,
20075 Farst, the stadenis stan the game
with physics equation. and then ey
develop the conceptunl shory. Steps of
the game #re: (1) Ddenbifving  the
corcept, (2) Figuring ot the equation fo
v the problens, (3 Combinaeg the
vorcepis, (47 Evalunating the prishlems,

Onganieed  wndersianding can be
med b malyzre prohlams qualiativaly
arel espested o hive possiblie solutisns
fr menitar the progress of the studems”
abidities (Ogilvie, 20080 1 s showed
el problem-salving  seeEegy.  for
inslance. ranslitcration o malematics,
med a profession as an example o pet
solutions withowt developing concepiual
understanding. The students culeulsied
Aep by step wiote down the symbols
oitly Tor determinmg problem-sofving,
(Tumimome & Redish, 20073 had
identified four sieps of the  panee, ax
feflonws, (1) ldentifving gquantities, (2)

Figaring  oul  solulicn  pottern,  (3)
Muppang  guomtities. {41 Evaloning
PRI,

Memwlile, the soklens did o
ileniify and mppdy the quantises mio the
eguation i recureve plag and chug
implementmison. The identificatinrs of
thiz gome ane (Tuminarn &  Rodish,

H

20Ty 48 [dembyakg  quantity, (20
Fipuring oot the  eguation  which
correlabes with  the  problenms, (3
Deiermining . oher quaniiy. (43
Ihenrilyang nesi quantily Cil meedd ), (53
Calculnsting qaontity

COMCLUSIOMN

The research can be concluded (hat
cpisemic games af mosderae physics-
cupmbie students in salving  elecincal
cifcuid problans e the resalts of the
analysis, The cpisiemic game which wus
wsed by moderare physic-capable
stuedents 0 complse the first. seoond,
higel, aml seventhy w31 of elecirncal circuil
wis translferaton b mathematics, In the
fourth dest, the students wsed napping
muthermates (1= maanmg ani
transliceration w0 mathematics i selving
prablems, The sudems uwsed mapping
nshemaks o EeEning O sebe the
preblems m the fifth md ecighth bt
Merrovhile, the sixth test was complened
by nepping meanang 1o mathomatics,

The: epistemic gome of this rescarch
can e usad o depermmne o learrdiog
stralegy ar mkwdel which s compatibie
with leaming material concepts. This
mesareh bs linuned o the spistemis pame
al the electnical circwit concept. Henoe,
extended réscarch on other concepts and
bearning models can also be applicd 10
suppont the mentiomed knming maderial
comcepis. The result of the ressanch can
b used a5 3 mference i developing
method or physics leuming strlegy in
omder o cass the misconception of the
cuncepl which madkes the studens bieis in
undersandmg e concepd.
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RUBRIC: 6TH-8TH SCIENCE ARGUMENT (CER)

CLAIM

Take an arguable position on the scientific topic and develop the essay around that stance.

ADVANCED

PROFICIENT

DEVELOPING

EMERGING

EVIDENCE

The essay introduces a precise, qualitative and/or quantitative claim based on the
scientific topic or text(s), regarding the relationship between dependent and
independent variables. The essay develops the claim and counterclaim fairly,
distinguishing the claim from alternate or opposing claims.

The essay introduces a clear, qualitative and/or quantitative claim based on the
scientific topic or text(s), regarding the relationship between dependent and
independent variables. The essay effectively acknowledges and distinguishes the
claim from alternate or opposing claims.

The essay attempts to introduce a qualitative and/or quantitative claim, based on
the scientific topic or text(s), but it may be somewhat unclear or not maintained
throughout the essay. The essay may not clearly acknowledge or distinguish the
claim from alternate or opposing claims.

The essay does not clearly make a claim based on the scientific topic or text(s), or
the claim is overly simplistic or vague. The essay does not acknowledge or
distinguish counterclaims.

Include relevant facts, definitions, and examples to back up the claim.

ADVANCED

PROFICIENT

DEVELOPING

EMERGING

REASONING

The essay supplies sufficient relevant, accurate qualitative and/or quantitative
data and evidence related to the scientific topic or text(s) to support its claim and
counterclaim.

The essay supplies relevant, accurate qualitative and/or quantitative data and
evidence related to the scientific topic or text(s) to support its claim and
counterclaim.

The essay supplies some qualitative and/or quantitative data and evidence, but it
may not be closely related to the scientific topic or text(s), or the support that is
offered relies mostly on summary of the source(s), thereby not effectively
supporting the essay's claim and counterclaim.

The essay supplies very little or no data and evidence to support its claim and
counterclaim, or the evidence that is provided is not clear or relevant.

Explain how or why each piece of evidence supports the claim.

ADVANCED

The essay effectively applies scientific ideas and principles in order to explain how
or why the cited evidence supports the claim. The essay demonstrates consistently
logical reasoning and understanding of the scientific topic and/or text(s). The
essay's explanations anticipate the audience's knowledge level and concerns
about this scientific topic.



PROFICIENT

DEVELOPING

EMERGING

FOCUS

The essay applies scientific reasoning in order to explain how or why the cited
evidence supports the claim. The essay demonstrates logical reasoning and
understanding of the scientific topic and/or text(s). The essay's explanations
attempt to anticipate the audience's knowledge level and concerns about this
scientific topic.

The essay includes some reasoning and understanding of the scientific topic
and/or text(s), but it does not effectively apply scientific ideas or principles to
explain how or why the evidence supports the claim.

The essay does not demonstrate clear or relevant reasoning to support the claim
or to demonstrate an understanding of the scientific topic and/or text(s).

Focus your writing on the prompt and task.

ADVANCED

PROFICIENT

DEVELOPING

EMERGING

ORGANIZATION

The essay maintains strong focus on the purpose and task, using the whole essay
to support and develop the claim and counterclaims evenly while thoroughly
addressing the demands of the prompt.

The essay addresses the demands of the prompt and is mostly focused on the
purpose and task. The essay may not acknowledge the claim and counterclaims
evenly throughout.

The essay may not fully address the demands of the prompt or stay focused on
the purpose and task. The writing may stray significantly off topic at times, and
introduce the writer's bias occasionally, making it difficult to follow the central
claim at times.

The essay does not maintain focus on purpose or task.

Organize your writing in a logical sequence.

ADVANCED

PROFICIENT

DEVELOPING

The essay incorporates an organizational structure throughout that establishes
clear relationships among the claim(s), counterclaims, reasons, and evidence.
Effective transitional words and phrases are included to clarify the relationships
between and among ideas (i.e. claim and reasons, reasons and evidence, claim
and counterclaim) in a way that strengthens the argument. The essay includes an
introduction and conclusion that effectively follows from and supports the
argument presented.

The essay incorporates an organizational structure with clear transitional words
and phrases that show the relationship between and among ideas. The essay
includes a progression of ideas from beginning to end, including an introduction
and concluding statement or section that follows from and supports the argument
presented.

The essay uses a basic organizational structure and minimal transitional words
and phrases, though relationships between and among ideas are not consistently



EMERGING

LANGUAGE

clear. The essay moves from beginning to end; however, an introduction and/or
conclusion may not be clearly evident.

The essay does not have an organizational structure and may simply offer a series
of ideas without any clear transitions or connections. An introduction and
conclusion are not evident.

Pay close attention to your tone, style, word choice, and sentence structure when writing.

ADVANCED

PROFICIENT

DEVELOPING

EMERGING

The essay effectively establishes and maintains a formal style and objective tone
and incorporates language that anticipates the reader's knowledge level and
concerns. The essay consistently demonstrates a clear command of conventions,
while also employing discipline-specific word choices and varied sentence
structure.

The essay generally establishes and maintains a formal style with few possible
exceptions and incorporates language that anticipates the reader's knowledge
level and concerns. The essay demonstrates a general command of conventions,
while also employing discipline-specific word choices and some variety in
sentence structure.

The essay does not maintain a formal style consistently and incorporates language
that may not show an awareness of the reader's knowledge or concerns. The essay
may contain errors in conventions that interfere with meaning. Some attempts at
discipline-specific word choices are made, and sentence structure may not vary
often.

The essay employs language that is inappropriate for the audience and is not
formal in style. The essay may contain pervasive errors in conventions that
interfere with meaning, word choice is not discipline-specific, and sentence
structures are simplistic and unvaried.



