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The Analysis of Student Epistemic Games Reviewed from
Physics Understanding

M. Dewi Manikta Puspitasari” ., Lilia Sinta Wahyuniar®, and Anita Sari Wardani®

fElecwioad Engiuvering, Faocelne of Engineedeg, Dwiversinos Nusyrsers SERE Kedies, tedvreaia
Compuirer Seievce, Savivy of Engivevring, Universitis Nusaotard PGRI Kedivl, Tndoredn
U farmsarion Svarerrs, Faodn of Engacering, Lufversiiay Nusenrare PGEF Kedin, Tnfaresin
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Ahbstroact. Epiliomic gaeve iz ablbe 8o skbow e slalaons®ip of 5 3 - li g prablem sslving by
developing sudes” masllecml. The pm of the nsearch & o0 dewrmine L|1I!H:|1I: Hu‘m af :hlgh pltwy wics-capablo
gudents in selvimg elecirical cirouit poblems: This reseaseh as qualfizgve research. The panticipant of e eseanch = the
sudents wiw hiaen electirial ciroed, Tesd amd inlewvicw dre wead by the rescmcker oo los des. The Szsl i oomsisied of
pvvsics andesstanding et aml electrical cirosd fs Physics endersianding tesiis usod w0 deiemize the kevel of seadems”
mhvsics . undersiasding, while she clecwical circoil et s wed o desermng sdess’ sposieme ame o wlve e
protems. The research Meding shomead e epistemic game of Bigh physics-capshle siedems was ohmmsd (mom analysts
resuly of elecinical ciromi seer and inierview. The unkcrs resuli of the fm tea and se @inl sesl dhowed dhal de pame
wsed i snlve peoblems wus physcsl mechansm, magping messing (o mathem mil smmsliterdion o mathematics.
Im the second e, she shadends used physical mechanism, pictorial malysiz, mipping messisg o malemeics, and
ranslisemisn o mathomancs | solving problomm. Meansdile, the sodanis used mapping mathessates s moaning and
pictorial malysis to solve the pecklems i the fourth lest, filth fest and pighth test. The analvss resull of sind ged
shrwed thas e sidends wsed mapping meening v mafematics and ranslsSeration 1o malkematics m solve the problems
Furtletiinione, e sovemd e wis wakplelad by imsaliemnthin womsbeiatie, ihivsical meciailm, and fecurslye plig
mil chmag. Epi=temic game of thed reserrch can be wsed 1o determine leaming simnegy o madel which is companhle with
learmieg material comcepes.

INTRODUCTIOMN

Students” understanding ond experiencs Bxve big role m the problem-solving precess, Applaaton of probbem-
srbyving srotegy i3 mol alfectcd by guatitative or guantitative, Bosisks, the sudents wae comceptanl swl mothcrsaticol
reasaming m pemersting problem selvimg saletions |1 Leaming development mast be bhosed oo the copmitive
provess aml description shoul how to represent knowledge and develop stubents” competence. The elghomtion of
cognitive process to solve physics problem meeds comgaible model, Cognitive process & cocumed in students
shoagl wien they solve physics prablem. The sdeds whe have cgual abiliy m musging infommacan will
azhazeve poud nchievemoend im leorming [2]. Meanwhi o, the studan s who hove sgual ability in argamizing miermstian
will lave an unfivorable achievemesd. Therctone, A 5 pevessary 1o creale leaming eivirommes which 5 ahle to
mike the stlents Bslaneing their ability. In forming the studens™ snderstnnding and providisg infemntion 1o eolve
a problem are depended on tle sducotion parposes in anticslading the problem selection and desipn [3]

Froan fhe spsdents=" poist of view, o deselop simdems” phillgy i solving stnecniral probdeins, il ey hiee 1o
Bealieste thal andand procedural gpprooach will nod slways mooph 1o mlbve soentific challenges, Desolopment and
srengibening the shedenls’ problemesalving oty reguire approach in the foom of compoiible challengss, Besides,
organized understanding con be wsed fo anolyee problems gualidofively wnd 1o plan possible selwtions to monifor
sudents’ abiliy pogness (4]0 10 ghows thal problem-snlving  sirdegy (episinmic game) of te smden 15 hess
developal, The devclopmemd of fhes sirolsgy reguires sxphicon divspsciom 1 e leoching-leammy proscss
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The relatioeship of the shxlenls” themphd asd teear ahility shows th the sudents bave egual melersiandmg
conceming problem dolving | physics [3]. Epistemic gome is able 0 show the nelationship of smdemts
andendanding aboul problem salving by developing their mtellectual [5] Every shudend has differend episbemic
game o sobve prodlens. B s depended on ther doeswdedpe and anderstondmg. Besides, the presented problems can
gl imdence the studets” thoaght, When EToal problems were given o the shedents, preson tadom of sgeation is
meededd 10 help them i solvieg presented problems. Therefore, compatible learmng sintegy = needed o develap
prablem selving for elecical circst. Funhbermore, problem solving sirategy (epibtemic gase will develsp a
g which con stimulale o completion of physics

Thesre are still mamy misconceptioms anxd difficubies in endersiandmyg electrice] circes. It s shawed by the lack
ol development of the electric circed concepl. Mot of the siadents only e Bboratery work whics s 2lrealy
meffective. Forming o discussion leem zlso his positive affect o studemts’ physics ahildy, Miscomoepbions anid
difficulties i kaming electnual circuit mehxlo the bosic concept nnd the ercunt of the letne arant maself 6],
Hemce, tlse students need leoming stradegy which s compatible fo develop electrical cimewit problems completion,
Aelitiemally, problem solving stmbepy (epistemic gamed will develop a lesming which can stimulate 2 completion
ol physcs. This cese encoursges the researcher o determame cpademic gaume of kigh physcs-ropable students in
=obviieg chatimical circuil piebicns, The mesaill of the ressancly col be isad a5 0 rehereimee b develomikg inetlksl o
physice legming drdegy in ondir 10 oase the mescanception of the concept which makes the dudends bim n
mnerstending the concepl.

METHOD

This rewsmch @ gushiotive nescanch, Dt sollestion ol spulintive rescarch usal mervcw, sleclnical cirant scals,
ol physics understanding et [Ewas esed o determine opigtemic game of high physcs-rapahle students 0 solving
electrical circwi problems Epistemic game was determined by the stwdents’ answer wo B eledrical cireuit problems
which are gives tothem Then, it is anibesd using ienti fiestion mibnc of spistemic game,

Research Participants

The panicigant of the reserch t5 the staderas who leams elecamical circuit deomgist of 9 soadents of Elecarien
Engineering #nd 4 stwdents of Idusirial Enginesring), Engineering Facalfy of Universitas Musastara PGRI Kedin,
High physice-copable swidents (8 modermely capable sudemis oo of 13 soudens) based om their physics
wniferstaniding west resulis. Sticlents' physics nidersianding are prouped hased oo dlee criseria lisied in TATLE | as
fisl s

TABLE 1, Chouping Crilenia of Seedenis ' Physies Underssaniling

Physics Searo (FR) Dniberstumifing Level
TE5FS 5 100 High
B 5 S 2 TR Misberale
s Fs< i Lo

Technigue of Collecting Data
Data collection echmige: was conducted wsing two techniques, they are ps follow;
Test
The test used in this research was phyeics enderstonding lest (the prehlem was consisied of 10 basic physics

mnterial questions) omd electrical coment rest (the problem war cossisted of 8 replacement resismnee ond elecirienl
cimcil questions)
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Interview
Thie imtervicw of this reseach was based on the test I owas comducted 1o oblain clear et concomimg studemis’
epislemic game in comgleting electricol cirouit tesr. The imerview was provided for all shedenis whi have high
umifersending in completing elecrical cinewil sl

Technbgue of Analvzing Data

B analyzing  techangue of this reseanch hmd three sages, they were dasin reducion, doin peesentadion, and
eomchsion [ 7], The explonations ans;

Mata Reduction

Eeduction al daln withn this research consasd of activibies which mvalve process of selectime daia jepiskemic game
dadn o7 nod] based] em the lsvanes lewvel md i molation wath wech group of game data. In addition, 18 foswed on the
datn enlered 1o eplemic game data, sumphilicd s data of emstanie game m e fekl motho fom of game dala
group, miie abstacl, and frmsloems dela oblined mio germeral epigemic game daz. The activites of the dala
meduction were staned by tealmy, leamming and undersiandng all of obdained dain,

Diata Mresentation

In this nesearche dotn representubion consst of groupimg actividy bassd an cnferin for groepng sicdents' physics
abalties presemed o TABLE 1, and doeta wleobificabon conducied by wribing crgamized and cateponzed dola
collectnom, then it can be pessibis w0 make o comulusten, The gimed of deta preseptotion netvvity &5 o make conchsion
cuxily

Conelusion

Consluson ig giving a meaning and cxplonarion so den presenmtion ouscoms:, Mest, conglosion in this ressarch is
shiwed o Bormilass susdents” prableis-solviog smiegy in completing elecmical circuin. Conclision is obsained hased
om e distn presamdstion,

Researclh Roadmap

Tz resenrch rosdniag s presemed on the follewing Fig, 1
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RESEARCH FINDING AND DISCUSSION

High phyeics-capahle students include sight silenis. Epistemic gome disinhutios of high physicscapahle
wuckent m completing electrical oot prohlems proviced m TABLE I

TABLE ¥ Episseme g deanbediom of high phsac-tapssl studests in complemsp clednes ciruil probloms

Stuglent Test

M S S . S S, S
Ml PRd T it MMAAZ BT MMMMID PM A
M3 M MMMI P MMM MMM MMME TM A

M4 MMMI [ ot PA P4 MMM T WAM2
MS MMML MBMMI MMM FA ninIM2 T REPC FA

L] P PA ' MkIMI  RMM2 T Thl  WIMM2
M7 " | MMM A BNAMA2 Pa MMME T P&

M ™ i ™ MMMI MMMI O MMMI O TM =,

i b ™ [ P MMM MMME TH ™ A
Wl = The Code ol Stulent Wb | = Mapping beaning w0 Mathematics
WMM2 = Mapping Malsemsiics fo Meamng I'hd = Fhy=ical Mechanism
A = Pictarial Analyss ErC = Recursive Fheg snd Chug
T = Transliferation to Muothematics
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High physics=capable studenils wal epistemic game mosalving electrical cmont problems. The explanatons are;
the studends wmed phy sicel mechumizm in completing fiest and dhind test by drewisg the cirowits of cuch completion
stupe ved cid ned combiin gymbol, counding dep by step, wning symbels (e dubenmmng B series or B parallel
calyh, Othir Epistemic games weed o complete e fmst and thard jest was manslderstion o mathemabos, The
stuchents olid the dest neatly and straightly yvet did net use fonmuola or eguation in solvimg tlee problems, m Se pame
the studenis should count sep by step. Mopping nearmg (s mathematics wis olso sed bo complete the first ond
thind test. In this game, the stuibents drew the circwis of each completion stage vet did not comtain symbol, couned
comcisshy, wrale symbals ondy for determmiming Boseries or B pasallel.

The implememtstian of mappang meaningg b mathematics = problem solving simlegy @ this resecech bas nat
well develeped yet. 15 corregponding with the resall of the rsearch |5] which showed that secand oned third stage
af this gnme wis difficult o be developed. Second Sape of His game i tnmslating quantibes imo mathematical
amits, while the thmd stapge conmects mathematicol umits ageerding o the phosies, Socond slage activades miwitive
matiemalical knowledge, symbalic e and mderprezbion equipment. Mearwhile, the thrd slape = dependat an
e miuitive methanatical knowledye, symbobic form end steqrenbion eqeipment. The sccomd o thing stygis s
epistemic fonm of mopping mening b mathemiiics, then the sudests prchice collection of mathematical symbals,

The: susens comghbeiod second e using moppig meavng o ashemstics, they dnsw the circuiis ol each
coapplotion stage yet did pod comtaim symbil, conmted =ep by step, wrobe symbaals ondy fos detenmimng B senesor |
parallel. Physical meschamsm was wsed (o sobve secoml fest within the muom cimomts drwmy vel did ot contain
symbol, comied concisely, wrote symbols only for determimng B senes or B pasallel In the fandiberation o
mntsematies, the siudents counded sep by sep, wrste (he sbols anly for determining B senes or B paralle. In
adslibiay, depacimn ol euch cmpleion stape et yob @oes med el syiobiols, coumta sope by atep, wiiics
symihols andy for determaning B series or B paralle] are vsed o pretesial amabyes,

Those research fndings can be cxplained that the stucdents wsed wmme games b solve the problems. It was in
accurtance with the research |5] stubmg et specific resources and games were not the anly wiy used or phyed by
the stsdenis. Boscd on the nesewrch [3], copninive model in solving problems [episicmic game) ineresses dle
wnfzrstending: cancernungs proslems whach are losrnied by the stsdeni,

In the fuerth, fitth, and etghdh test, the sdents wsed mapping mathematic: o meming o sobve e problems. In
this game, the stiudent counded by wiitmg - KirchedT law i the begimming, gave @ name for cach loops, comducted
sibestifistion and elimination. Metorial onalvsi was olso sed o complens fowrth, ifth, and eighth resn 1twas the test
wihene the students diew the mein cirouis By gawing the disacion of cach loop, cowding Ly wilting Bacholl Law,
comducting substitution and eliminaticn,

This reszanch finclizg showed thal the sudents complebed the 1est by Sollowing the copmtion process m solving
the problems. The formation of studemt andersanding and  providing information b sobve the probleins wene
depended on the purpose of the edugsion in orculating problem selection ond design (5] The siedents conmed by
writmg faw which was compuible with e probloss, gave mme (e coch kop, conlablad substinstion dind
alimination. The stslent: developed comeepimal sory refnbing o physics eguadtion m the pome mapping mithematbics
fo-meaning [ 5], The stedents started 'with o physics sguation and dveloped conceptial siory

Furfiermaore, the siudenis compleded the sicth fesi using magping meaning w0 mmbemotics. They drew the
circwis of each completion stage yer G nol coniain any symbols, counied n ihis game, Transaemnes
mitsemintics was wsed by the students fooselve the problems xied wiilin the tos by cosnting step by slop. wntimg
symbols andy for determinng B series or R paraliel,

The vrganized undersanding can be used o annbyee qualitstively end design g sebation which hes possibiliy 1o
monitor advancement of student ability (41 I shows that problemesolving stalegy, L& Trmsliterstion o
s, Usess wark sangle o prodoce sobwtions withoun deseloping cobiepie] understamling. The: studems
counbed step by ep, wrale svmbale omly for delermiming problem selvmg [5).

In the seventh st the studens, is completing electsical cicnit problem, wsed transliserasion fo matkematics. In
this eass, the sidents did o nealy and ina row verdid not use foroulation or quation in selving the problems, they
tended o counl gucklyconcisely, and they did ot use Wheatsione bridps aquatien. The smudeims alen umed physicil
mechuniEam e complaic the seventh det mdrawing the cordmt of Wheatabone bridpe, vmdertaks ihe:prabloms neatly
aned im o row et did nod wse Sommolabion o ecuation in sslvmg the problems, they eded 1o coud guickly ol
comcisehy, they alse did not wse Wheatstons bridge equation. Meapwhibe, the students whis wsed recorsive plug and
chaig 1o complee seventh rest, they cempletad the fest neatly asd in o o, wsing formulation or s)ustion it solving
prableans, e o comn seep by s, mnd G non use Wihestsanie: brbdges aquerios

Yot recursive plug and chuy is rarely wseid by the shubents o schie shoir physics probloms In s implomentation,
the sbodends do el identify snd put 2 quanbity inm dhe spintion. Epistensic form of recosive plig md chuge i@

L5IHT 2-3




klentical with mappmg meaning by mathematcs. Becursive plug aid chisg relies an synias wdestanding of physics
symnibily withost trying W conoopheslly anderstand those symbsls.

CONCLUSIONS

Thee reseand i be concluded thit eisensc gemoes of kgh physics-capable sudomis in sdving eleciical ciocwii
prahlems ane thee nesul of the annlysis. The analysis resill of the first asd the tond dest showed thad the game wsed in
salvitg the peohlems was physical meckanion, mapping mesning © mothematics, aBd mansbientos o
mithematics. In the sccond st the shelatls used physicnl mechansm, pidoral analysis, mapping meanng o
mathematics, and mansliteration o mathenatics in selving problems. The suslents wed mapping mathematics o
meiming and peciemal amahysls 6y solve the prshlems in the feurth st Afth test and erghth test The analysis resh
of sixth et showad ot the studenis used moppang meanngg 0 mothemabics and tomeliberation o nadhermatics o
salve the problems. Meanwhile, the seventh fesl was compleled by iramsliverbaon W matlemabics, physical
mechar=m, and recursive pleg and chug.

Epistemic game af this nescarch @n be usesd o dotermine leamimg strstegy or mode] which is compatible with
arming matenal concepts. This rescrch & lmmed W epigeamce gane nthe malenal concept of elecinca! cirouit.
Hiemce, exlencded reseanch can be conducted on other matenal concepls, and learmng maodel can also ke appleed o
support leamme meterinl concepas.
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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.



