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Developing a hypothetical learning trajectory of fraction
based on RME for junior high school
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Absiracl. Prelmimaey rescarch shwwad fhe leasmmp mpeciory ofF fmelon m s schois] that
cewkl nol Wcibdete stedents 1o remvent mction concepls, Therefonz, this nesearch simed 1o
prshiee o hypothclisal leammg ajedory (HLT) foo eachige fostion usmg ol
mnathematics edisption (RME)]L The HLT was developed with o desipn research thar consisted
of 4 cyche grocess of preparing for the experimem, onducting classrons esperines, and
performing  refrespective amalysis. This stdy anvalved 23 siuwdents SMPN T Timpeh,
Insfomresion. Data were collected througs sisdeail aciivity sheets, videotaping, el notes, and
mierviews. The dut analysis techmigee used descripbive asabysis lechiigques . The el
shrwe] HLT fin eacking fraction using RRE har could be help all of Evel siudents. This
HLT kelped sindends o remyvent  fraction  concepis threugh honzontal and  vertical
mathematical provesscs. Flially, the HLT faciiiwed sialems woineke thair omm models o
informal s fermel and improoced the imemctioes beraeen stadents and 1eachers.

L. Intraduction

Fraction is un imporiant basic material, not only in leaming mathematics, but dlso in siadying science
il other sciences [1], Sudents who experienced difficulies in leaming of fraction [2, 3], Based on
ohservatinns conducted ot Junear High Schoab (SMPR) | Tompeh o West Sumatm, one of the Bictors
cansng this subject considered difficult by swudens 13 becase fraction s sl taught abstracily,
therefore sudents find it complicated to undersiond the basic concepis of froctbons und fraction
opemisnns [4]. The learmim flovw ueed by the tencher has not heen able b facilidate stdents m finding
the eoncept of e fractien. The teacher only stick oo the Bow of bearning paih 0 the texcibook, provides
students with matcrials thal beee beon comploied so that students herve difficulty undierstzmding the
copcept of Fractions, solving feaction and probleans related to fraction,

Prefiminary research showed the leaming procese that was carried ot by following the order of the
lessons in the fexthook amd centered of teacher. Sudmis wes actively ovelved through group
Fizmrmimg, budt the mbermetion created during the discussion that svas not aptinsal. Leaming rarely starmad
fromn problens relawd @ e knowledge that stodens already feanst. Learning thar bepan with
jrohbems relatad 10 the know kdge would gave shudents on opperunity 1o redizcover the mathematizal
concepts that are hemg studied, and would make studends more active and gove mare oppoTiunities fo
develop thetr mathematical thinking skills. [5] that stmed mathematecs leaming in schools dhat soie
dominaied by ieachers and that mathematics leaming owtecases in schooks hive nol shown sotis actory
resulls.

Hypreibetical Leaming Tmjectory (HLT) & 8 leaming flow consisimg of leoming objeives,
learning nctiveibes, and baming process hypotheses 1o predict how  students’ thoughts  and
understarding will develop in the contexe of karning adivities |6]. Some studies [T] 8] [9] showed

mc:mwm fnm this wovke muy be meed wnder o serm of (e reaine Commens Altriterson 3 hcence. Any fanher dsrnmmm
ol Hhes il riskiad munidaen sdin b G s dalbs s ard the e of te warde fooriul ctdtam aml K]
Mabdstied wdsr licooea by 100" Mublihing Lad 1
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that the Hypothetieal Leaming Trapectory (HLT) eould improved sudents' underainding. Other
studies have showam that HLT oot anly enhanees stoderd understanding, but alsn merenses studants'
mathemaiteal tbinkigy skilks, o rescarch conducied by [5], which sbewed HLT with the EME
appioach holped wachemn o develop viable local laring theones for a cermin topic and helped
shadents 0 devedop regsomeng ahility and niher mathematical thinkmg skalls,

Ome approach that can be wsed in designing HLT is the Reatistic Muthemanes Educaion {RME}
ppproach. BME = an appronck in the mathematics leammg poocess thal conining  constructive,
inicractive amd reflective clemeris. BRME mathermatics is wen as buman activiey |S] [00), [EU] [12)
Bathemaatics is not given W siudemis in s final fomm, bur siudents must be oble o consinact their gam
knowledge through sobving contextual problems interactively. both fommally and informalty. so that
students find themselves or with the help of the teacher to find oot the fruth of the mswer,

Thisne are several steps taken m designing the RME-basel HLT, iecluding conducting peeliminary
reegarch which mcludes necds anabysia, lierniume review, determining leaming objectives, determining
student lenrnimg activities, and leaming process hypotheses HLT consists of three components,
vamkly larnimg objectives, learning activity assignimenis, amd hvpotheses aboal bow students [Gam
ainld how sadents think [€]. o the preparation of keaming astivitics bassd on BME, these activities
allow studeds b reinvent (mathenetics) through teacher gudance [3] RME-based achivities pay
attention 1o the charscteristics of RME, namely: 1) the use of comexts, 23 the use of models ¥ the use
of students’ own production and corstructsons, 4) the intermctive characier of teachng process, and 5)
the inierviewments of various baming strands (incegrated with various other keaming wopics) (5],

To design and develop an EME-based HLT in this swdy, a study of exisiing rescarch wis
conducted. Rescorch related bo the development of leaming design in the Fomm of BME-based HLT haos
been corned out by mony previsns researchers, among others research b [13]. in this stochy Dencid ©
Wbl designed e EMESased HLT w0 fawoduce the Logaridmic Concept. David uses comexiual
problems in the form of the growih of the weight of a peny, the growth of E. eoli bactena. This
confextunl prohiem aflows stodent= 40 camy o informal mothemiatacal processes, (o subsequent by
frae the fommal mateneical process by giving problens in mathematics, This mbormal and
fomul mathemaicul process helps students understand the concept of leganthms, The use of RME in
Dezvadd W, Cobh's study that desiened RME-based baming focos on the smdent centered brarning.
Onher research was comfucted by [14], This study emphasize@@n the effect of RME on the concephanl
understancing of students' hivear programs:. The type of peseasch was Quasi experimental, non
eqiivalent pratest amd posiest contmal group dessgn. This - sudy vsed controd and cxperimental classes,
The resuliz of this study indicaie the use of RME by using conexial problems makes a betier
understanding of students” linsse coneepl programs,

Hesearch related 1o designing the HLT was also conducted by [15], This stody deveboped HLT
mnatherabes edwcatkon rsearch using Research Based Leamdng. In developlng HLT, reseaiciens wsed
the Gravemeijer and Cobb models, HLT consizis of three componeris, namely (11 the purpese of
muthemnatics teaching for students, {20 leaming sctiviies, devices that are used in the learning process,
and {33 0 project of underscanding the process of leaming how e kam ond strogges siudenis thm
emerges and drives when learming actrvities ore done m Chiss. The purpose of thes sudy is o improwve
the shility of reseanch and academic writing of prospective mathematics teachers. Diher sudies related
iy RME ood HLT are research conducied by [ 16] about The: Effect of Realistic Mathematics Education
on Stklents' Achsevements and Attitiude in Fifth Grades Mathematios Courses, research [17] The
Multivoicodness of the Garme Plaving: Exploring the Unfolding of Leaming Trajoctory in o Gaming
Contexl at School, and resrarch by [18] abowl the Developing specialist expertise: ay wnanbcepated
Fesrning trajeciony,

Based on the research conducted above, research in this peper focuses an the develop@@ent of
learning desizn m the foom of RME-bascd keaming pathways mthe set mateesal for VI grade students
of Junior High Schiol and lebamic Junior High Scheol, In the preparation of the kaming low, this
sty alse uszd the steps proposed by Gravemesier md Cobbe In HLT, there ore abso thres
comparets proposed by Graveimeper, By designing karning patisays with BRME-bused leaming,
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will result on stodent-centered earning, develop students' ability 1o solve problems, s wse of
eoncents within themselves to discover new concepts, Thus, BME-hased lenming design will be ahle
Lir ienprove and develog stuckints” alabickes.

2, Method
This research used desmgn research with the developneent mode! of Gravemeiper. This design rosearch
aimed e devidep HLT [7] lb this case, desipn resgarch aimed to formdane, identify, aod devolop
learning flows hosed on the shadents” learming process and thinking processes, The result of reseanch
wazs not design that wocks but the underlving principles explaining how and why this design warks 8],
There was thiee stapes in HLT design, ramely prepering For die experiment, classmsom experime,
anid rerospoctve andlyss, In the Preparing for the experiment stage at this stage. siudent keaming
uetivities was developed threagh hypothetical leaming tmjeciory (HLT that was demamie and cookd
udapted 1o students” thinkmg stabegies that occur dunmg the classroom expenment. To develop HLT.
warious lieratures refated 1o fractions are stiudied. Futheemore, the Classrosm expeniment stage, al
thiz stage HLT iz implemened which kas been designed with the aim of exploring, knowing the
girategivs and theughts of sudents in leaming the concepts of Fractional Mumbers, The Clasaropm
experiment stage has two cvcles. namely the first eyele Small group trals and cecle 2 namely large
group trials, Finally, in the Retrospective anabyss phase, all dats obained durmg the clasmom
experiment are analyzed. HLT & designed oo be applied to studeits of grade YT of SMPW | Timpsehin
West Sumitra

The instrumsents uscd were HLT valdabion sheets, ohservation shects, imavicows amd intery 'r:w:,
field notes and wideas. The data in the study are in the farms of primary data, namely validabon daia
fromm cach walidator, the results of inerviews © determine the wse of HLT, siudent worksheets, and
field notes, This duta used o repoir HLT that has been designed, Danp collection wehniguss used in
this sudy were documentation, mberveews and field notes. Data analysis technigues wen: in the form
of descfipive analyss wechnigques and gualimtive analvsis @ deseribe the course of HLT in fraction
femrning.

A, Hesult and IFscussbon

At the carby stages of ressurch, carmied out litepabare review s conductsd apd compiled & series of
shxlent activities {sach as therr hobhies, their prefetences in leammg, and their preference achivitics ) fo
uchieve the cancepi of fractions. from the mformal o the formal sieges. Based on the anakvsis, we
designed HLT for ieachmg Factions. The resuls of this design wre disaussed with the mathemaitics
timcher or the teacher model whick is then appliad in one-to-ars: evaluations and small groups befone
being tested in fiebd tests After conductiog o preliminary stady. the researcher makes revisions ar
improvemends o the design that have been made based on the resulis shizinad and discussivns with
thet teachier.

HLT desigmed for fraction al bezing sith comparing Cractions, ivpes Of Fmactions, adedibn amd
swhiractmn of fractions, and multipbcation and division of facions, Froctonal leaming flow can be
seen m Figure |. HLT of fraction 1= divided indo four parts, smrimg understandng, the concept of
fractions as parts whabe refitionshep, determining factions with the same valie, comparing (ractisn,
arnd determining 1he calculation of froctien opemtion. The implanssatation of HLT i designed for
three temes with. seven achvities that must be followed by students. In addifion to leammg activities,
prodictions of student answers ol mticipmion that will be made by the feacher on the flow of
shudents' thinking in working oo leuming activibies were also designed. In Activety |, students are bod
tix il the coneept of fractions as part whole refatonship with paper folding activities a2 the mitial
experience of Anding fractions. Activity 2 leads students o find the walue of fractions by comparing
parts of ene cake to amother. This octivity troins stodents o submit guesses and provide altematives i
un orgument. Based on students” nnssrers o activities 1 ond 2, students con dedoce the meaning and
walue of fFraciss.
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relationship

Figure 1. Learming Flow Deszpn of Frucika

Acitwity 3§ avd  are potivities thar oim we enable sindents o compure factions, The context used for
Activity fnd 4 s 3 continumixin of the story of the barthday event in detivine T amd I, desiviee 3
contaims & question that sequires students 1o find the resulis of & esmparson proyvided by the stores
while Ao & contains o guestion ihat leads stadents i he able 1o compare themsebves the esoles of
problem salving. Activities 3 ond 4 have a role to train students to find mathematical indicators und
cdrmy conchissars from o satement. defeite 5 6 and 7 are petivities that are pimed for students b fird
ways to solve or oporate Bactions, The contexl wsed for activety 5 0 a comlinuaton of the stooy of
Sobma's birthday event. The contex used for activity & & the activity of making cockics done by Mrs,
Mega and rice harvestimg carriegd ouk by M, Yusef in actredty 7, In achivity 5, stidenis 'r-t:nasku:l 1]
Boak o the amownt and the cermining cakes neeebved by cach A@RL Activiry & conlamy g guestion
that asks shudents ta do an addition operation. Adivity 7 conlaires o question that osks shadents to do
meltiplicaten operations and divide the factens, Acovities 5, 6 oand 7 have the mobe of imining
siudents o drvw conchasions from a statempent, propese allepations, give aliemaotives 1o an angument,
and Find o mathematical sebscator. For operational leamizy, designesd leaming activibies are transfermed
ik snidenit activity shiogts (LAS),

34 Avtivity d: Ralma's 1a Biesdayr Evenr

Thie purpise of this activity & o usderstand fracteons as pat wihsde reladonships. The context used for
activity | s folding peper which is likared 10 be the bass of o barthday coke ond writing the frmetion
form. The initin] answer given by sludents for question number | conmsts of one ond the same snswer
sraiegy. Tlee Pour students mgwered according to the predietions made. Sudent answerd can be wben
in Figurne 2.




Tha: Tih Seuth Esea Axis Desipn Rescarch Iterational Conference (SEADREIC 2019) 104" Painlizhiieg
10F Conl. Scrics; Joumal of Physies: Conf, Sories BTOC0200CH 2005 dea: D0 T08R1742-65% 0/ 700112015

Figure 2. $tudent Answers e Activity |

From Figure 2, ibe studenis answered the questions given by siwcking the paper according 1o the
argaers 0 the questions, Swdents understovd [ractnes & pon of whek refationships by folding the
paapsr & many i w8 requasted then see how many pants resul from the fold of paper. The folded
pigce if paper i the hasis for onderstanding the coneept of frnctioms as part whalke elationships,

A2 Aetivite 2 Kabwak Fihdae 2

This activery aims m understand the concept of fractions worth. The teacher rerinded swdents of the
previcus story about Salma's birtbeday and asked students 1o observe the felded paper done before.
Studentz dolved the problem of cake diewibution in a discossion. Student answors e activity 2 e be
seen in Figpare 3a and b

Flgare 3a, The Swdenis’s sumegy for Fizare 3b. The Siubmis's  sategy  for
activily 2 activity 2

From Figure ¥a ond b, there are differences in student arswers to solving activigy problems 2,
Students use thes thinking skills to determine the values of fmctions. To ensure the comect answer the
tescher - mked sudenrs to discuss and detertmined the answer using origami paper. Dusing the
discussion, the teacher gave a probing guestion that led students 1o find the right answer, Finally, the
teacher and students ciume to o agreement about the concept of Frustion value,

RX Aceivities B &0 Srfwia’s Sierkday feomibiedy
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This aetivity aims 10 understand the concept of fraction ecapparizen, In this setivity the weacher ashed
shadents 0 resall fhe story in activily 2 then asked students o solve the problem inthe activity 3, Faur
sluadeni bl the sanss version of the answer by directly compacing bow many cakes hat Linda soukt
gt bud inoa differert way of learnmg, Stadont answens in complating fraction comparsons an be
seen in Fipared,

Flgare 4. Student Answers for Activity 3

Frim Figure 4, studenis’ amswers can be seen m delermining fruction comparisens. The teacher
oaked stadents we anplain the reason why students found a problem solving in setivity 3. There were
stadents who provided explanations by explammg the strdegies nssd, and there were stugdents who
cxplamed along with evilence of the answer, Together wnh the acher, students conchaded about e
gonsgpt of comparative Tragtiors. Baeed on activities 1, 2 and 3, it can be soen thar students conld find
Lheetr e comoept af fractkons 5 pan whobe reladonsbips, fraction valioe and cormparison of fractons.

i Aciivitiez 3 6 and 70 the Salma Birthglay Evenr d

The pumpose of this activity is that stadents ore sble to understunid fraction operations. The teacher
remmded studends of the |:n11.'iuus stisry abiul Salnm's I:irl.hlh].' and znked stodenis o observe the next
story. Fromihe problems given, students had their omm strategies in sehang each problem. Problems
given were neiaed w skplaymg fracnons, addibon, subtraetkon and wudtplicatien amd converting
cecimal fractions 1o percent. Some siuden arswers con be seen in Figure 5,
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Figure 5a. The Stadenis™s sialegy e actbvay 5 Flgure 50, The Students™s smsegy i activity
jeT

Froum Figure Saand 5, ocan be seen that studenis use thelr own staegees i fnding solutions ke
the probbems given Bused on the achigvament of objeetives obtaned duning the kearning process oo
the lenming process, it shows that the HLT developed has illustrated the increass in shoadent
kiowedge, The wse of die best srateeios shows hiat smdents have at each meeting can lead ol
stulents 1o chamge their mindset n finding sclutrons to problems o the neat meebn

The resubt showed that the HLT (with the acovities of selving contexmaal problems in the HLT)
were polential o fagilitowe the siudents o reimvend the concepis af fraction; the activities were well
sequenced, the HLT suit the key prmciples and chamctzristics of BEME; and the components in the
HLT woere well desspned and cansistent beracen one aiud another. The LT worked a8 mbended during
the wy oul. The sixbens undersiood the comexmal problers avd ey condoceed 'diring mal
petivities withouwt mapor obatacle, The probing questicns that were prepared @ the sntecipations of
shudents” thinking and ssluticns nlso helped the siadenis o achieved the goale of the actvaties. Tn
addivien, the 1hee provided (o dieing the acbvites of sdving comexmal problens wias well planmed.
These firdlings were m fine with ihe previcas findings which showed that LT and BEME gove pesitive
imipact an stusdents” mathematics skills (see |1, 211

4. Conclusion

Hypoiheseal Leaming Trajeciory (HLT) based on Bealistic Mathematic Education (RME) on fraction
muterial cun be confinmed o be volid afier o trial, The trials were o small class inol and a large cluss
trial. The irials went through three smges mohiding experimentation. retlection, and rotospocine
anafysis. HLT of fraction stans with onderstanding a fraction ad s value, comparing fractions and
delerminmy fraction operstions in evenyday ife, Froctional HL T was produced through the application
of 7 bearning nctivitbes that are used to achieve four specific gonls that must be achieved by students,
ramehy fmctsons as port whale relaticnships, determiming the vakue of fractions, companing fracions
anld complsting faction operalions. Hypmbetcal Leaming Trjeetory (HLT) bassd on Realsoie
Mathensatic Education (RME} en valid fraction matarial in the form of LIT can be used as a goide for
educators m carmving out learmmg and developing cther lenmeng owes, This study hes limitations,
Because i s ondy osted in oae elass. Funher researehers can coaduc smaibar reseanch with wials in
waniaus schoals with diverse conditions and backprownds of stdents,
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