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Absrrrct. Marh.n ical litcracy is an irportant ability to be taught to the mathematics pre_

servicc teach€r. The students who have good mathcmatical liremcy skills will be sensitivc lo

rh. trtalhemalical conccpls which are relevanl to the phenomenon or problerl OnE of th€

probl€ms lhat is giled to malhcmlncs pre-s€nice leacher is lhe short€st Path problem in Gmph

ih"o.y 
"o*..". 

fm pu+ose of this study is to explore th€ nnthemarical literacy abiliti€s of
rhe pre*ervice tercher in lolviDg th€ shonest paih prcblem!. The rcsedch subjects w€re 56

matiremtics pre-rcrvice t€acher of Udilersitas PGRI Madiun, Indonesia' The data were

collected throush problem-solving tests which w€re lher anabzed based on indicatols of
marhemali(al liier;cy ability namely lbrmulate, emplov. and interprel' The resu'ts shows that

the mathematical liEracy abiliti€s of pre-service teacher in solving the shod'st pa*r probl€m

consist of lhre€ calegoric.s, nam€ly conpl€te, inconplet€, and incomplel€ malhcma'cal lireracv

abilin€s. Therc arJs stuaene wilh compllte mathernatical literacv skills can fornulat€'

employ. ud inl€rp.eL Ther€ ,re 18 sl'rdents wirh ioconpl€lc marhEmatical literacy skills can

r"i-,i*" ,ra 
"*pr.y- 

nerc dc 29 smdents with itrcomplele na'hematicnl liteBcv caD onlv

l. Introduction
ih" J"Jop.*t of.a"nce and t€chnology raise an obligation for the students to rnastermath€matics'

t,tutt c."ti". is a univcrsal science that underlies and deals wilh sciencc and tcchnology lhat has

functions in various other multidisciplhes. Various life ptoblems can be solved by 
-marhematical

thrnllng. Moleovef. it tcaches sornconc who lcams it to be able to think logically, cridcally,

,""t,;"iifv. tv""rr,i.^rly, dnd crearively. This is one of th€ reasons, why it is always srudied at every

level of formal educarion [l]."'i;;r.;;;;;,tcs'iJ 
still consiaercd as a drffioult mat€nal to lcam in Indonesia This is in line

*irl, itr"-.-Jilt. oftfr" prSA in 2015. The averagc mathemaucal score of lndoncsian studenls is 386 [t

i.-Llfr-iur-to- tfr. 
^r.tage 

intcrnarional scort if lso Thc5t rcsults pldle Ind'rntsra m the rank of62

"* "f-iO-i"r"i".A 
p*dcipating of PISA t2l' while rhe r€suls of a survev bv the Intemational

,c.."*ir,i"" r". o" drduation if educariond'achievcmcor (tEA) fial mcasuJes the developmenl of

.",i"rn",i". 
""0 ".,.*l 

sciences in rhe 2015 TIMSS places lndonesia in position 45 out of48 in the

i"fa .iN"*"f S"t*"s and position 45 of 50 counkies in mathernalics [3]' Frum the results ofPISA

irjiJ _l n14r,rs zors, lndonesian srudenrs, mathcmatical litcracy is stifl very low in problem solving

,t.t ,"oui.". the ahhty !o examrne, give reason, and comnrunicatc effectively Fu(hcrmore' it is

,".a"iT"'*r* ^i 
*,l'pr"i ,t 

" 
p,olti*' i" u .t,*ictv of contexLs lndonesia always ranks arnouS io

Co.Ed fM rbis kt m.y t u.rt urt . tt GG of t!' Ctenve comons  (ih(on r'0 ti'enre A'v lulhu disdhiim

ii*-*J ^, 
.*-"'"*"*.n b rtc au(noi{, ud thc tnl' or rh' wo+! io@'r 6dio dd Dol'
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thc lowest ranks and also lhc scores obhined are always below average, which obviously is not $e
expccted result [4]. In his rcsearch, Wijaya [5] shows that students do rct reach the three componenls
of information literacy; namcly recogrizing information needs, finding and evaluating thc quality of
information, and making hfomntion effectively. This shows ihal students' information literacy is still

The OECD/PISA rnathematical literacy dornain is concemed with th€ capacities of studcnts to
anal)Ee, give reason. and communicate idea.s effectively as lhey pose, formr ate, solve and interpret
mathematics in a variety of situations. The assessment focus€s on real-world problentsl6]. Meanwhile,
some rcseirches that havc bcen done in several Indon€sian schools show that the sNd€nts arc still not
familiar with the probloms &ar require logical thinking and applicative. This is one ofthe causes of
rEathcnratics considered as the difficulty by students bccause studcnls are still fond of ard accustomed
[o theoretical, ard procedural answErs. Giad, Zulkardi & Hiltrimanin [7] find no probl€ms at the

c.ognitive levcl C5 (evaluation) atrd C6 (create) on rhe Comp€r€my tcst questions on lhe BSE
Mathematics Curriculum of KTSP oo fie subjec! of equalily and one vadable linear inequalily. ThE

abscnce of qu€stions a! levels C5 and C6 are bl..lauxc tbe teachers' assessment only emPhasizcs thE

recognilion or recall of facts so that studeDls are accustomed to have th€ knowledge at this level ody.
Leaming mathematics does not only require mcrnorization atrd procedural skills, but also it has

nnthematical literacy skills. Matherhatics plays a dominant role in loday's worl[ Although not
€veryone will become a mathematical expert, from an educational point of vie\ir, it is &€ key for
everyone to acquir€ a certain level of mathernatical literacy, which allows reflecting and assessinS an

important mathematical proces.ses in every day live [8], I9l. Malhematics literacy does not imply the

detailed knowledge of calculus. diffetmlial equations. topology. analysis, linear algebra, absttact

algcbra, and complex of maltrematical formula.s. but rather a broad understanding and appreciation of
r*tat mathematics is capable of achicving [l0], [ll]. Morcover, Staccy [12] stales mathematical

literacy is intended to highliSht matherEatical skills ard understand the of us€ of tuture lifc. Then, (he

intcntion docs not refer only to simplc mathernatics which involved in straightforward activilies such

as shoppilg, it also encompasses prepamtioo to use mathematics in t chnical professions of the

highest lcvel.
Mathemalical literacy is about applying mathernatics to 'real' problcms t6l, Il0l, tl3l' tl4l. It

rncans that lhese pmblems are not 'purel/ mathemalical but are placcd in some kinds ofa'sihration'- Ir
shon. 6e snrde;6 have to 'solve' a real wodd problem which requres to use the skills and

comp€tcncies they hav€ acquired through schooling and life experiences [5]. tn mathematics literacy,

thc sturlcnts must be abl€ to link scveral concepts in rnathematics. This process is related to formulate

the real-world problems in mathematical terms so that the students can solv€ the math€matical

problems, and tiren these mathcmatical solutions can bc intcrprct€d to providc answers to r€alworld
problems l2]. Mathematical literacy is an individuals'capacily to formulate. employ' and int€rprct

mathematiis in a varicty of contexts [13]. Thcse tkcc words, "formulate", "employ" and "intcrprct",
p.ovide a usetrl and meaningful stsuctuc for organizing the mathematical processes that describe

what individuals do to connect the cont€xt ofa problem with the mathematics and thus to solvc the it'
The OECD illustrates the math€rnatical model as in F

Figure l. Mathemalical Literacy Model I l3]

The model is described as fbUows [13] Formulalion in the mathcmatical literacy r€fers to the

ability of a psson to recogniz! and idenrili in using and then providcs a msthernatical structuc on

contextual problems. Employing (applying) in the mathematical literacy means abte to apply

E
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rnathcmalical concep6, facts, procedures, and mathematical reasoning to solve malhematical probl€ms
so ss to obtain mathematical conclusions. Interpret in mathematical literacy iocuses on the ability of
individuals to reflect mathematical solutions, the results are obtaincd or concluded and interpreted in
the rcal context of ov€ryday life.

Thus, mathematicnl literacy abitity is an important to be possessed by mathematics education
sh €nls. They are preparcd for improving students itr facing the rnathematics problcm to enhance

mathematical litcracy skills at school. Lilsracy ha.s an influence on snrdents' understinding of thc
problem in laming u5l. Good matheruatical skills are €xpected to help to maximize the lask arld the

role of pre-service teacher in thcir assig nents. Mathematical literacy focusEs on the ability of
studqlts to analyze, justiry, and commrmicate ideas effectively, formulate, solvc and ifterprel
mathctuatrcal problems in various forms and situations. So, pr€-service teacher must have thc ability to
cxplain problem solving u6l atrd to leich ma$cmatical literacy to studenls.

One of the cotuses that can bc used to explore the ability of math€matical literacy through problem

solving is the Graph Theory. In the Graph Theory, there are cotrtextua.l marfiial liat can b€ used to

design marhematical litcracy problems, namely the shorlcsl path Tlc studcnts arc required to analyz!

the lroblcm rhen took for the shone$ distarce fro[n onc city lo another. The cities in the context of
graph theory are reptcsented as vcrticcs and roads connecting the two cities as edgcs. Thc stud€nts

muit be abie to rcprescnt contexual problcrns in mathcrnatic.l tenns in this case Sraph fonrl then

students can find/ calculate the short€st path using the Djikstra algoritbm. Based on the descriptiol

above, the purpose of this article is to explore lhe marhcmatical literacy abilities ofpre-servic€ tacher
in solvilg dre shonest path problem.

2. Rderrch Method
This research is a descriptive study witb a qualitativc approach with 56 participanE, pr€_scrvi"

teacher of rnathematics depaiment at Univeritas PGRI Madiun who are curently taking a course oD

Grah Thcory. Data collection was donc thrcugh mathcmatical litcrary .bility t€sts on the sbo(est

path problerns as in ligure 2 below. This mathematical literacy ability tesl has been contenl validated

to mathematics .ducation expcrts at Univcrsitas PGRI Madiun

Figur€ 2. Mathematical Literacy Tests on Shonesl Path Prohlems

l
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Thewrittentcstrcsultswcrerhetranal}zcdbasedonthecomponentsoftheirmathematicallitcracy
abilities. As for the inilicators of mathcmatical litaraay ability on the shortest path problern' it is

presented in lable I as follows.
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Tible l. lndicators ofMathematical Literacy in Shonest Palh Problcms
Componcnts of

M hematical Litcrrcy Indicators

StudcDts calr recogniz€ ard identify usinS
rnathematical stuctures on th. shortest path pmblems
such as graphs

Studcnts arc able to apply math€nEtical concep6,
facts, procedures, or nathematical rcasoning such as

the Djikstra algorithm to solve thc shortcst path
problcms so as !o gct answ€rs mathematically

Studcnts can reflcct mathcmatical solutions (results
obtained) and interpret them into lhe r€al cont€rt of
everyday life on the shortest path problem

E plolihq

'lae rcsults of the analysis of rnathcmaticnl literacy abilitics were thcn group€d based on thc
completeness of the nrathematical lileracy components and one panicipant was chosen lo represent
each group. Esoh participsnt was choscn based on thcir communication skills to describe their
fiBtherhatical literacy abilities bas€d on written rcsG and intervicws. To ansllle the credibility of the
data itr this study triaqulation of methods, tests and intervi!'ws werc used.

3. Resnlt rDd Dfuaussion
From 56 stud€nb who are mathernatics pre-s€rvice teachers who do rnathematical literacy tesls on the

shorlest path problem, thcre are 3 m.thematical literacy groups, nam€ly compl€te mathematical
litemcy that satisfics 3 components, incomplete matherB(ical litcracy that satisfies 2 components, and
incompl€te mathcmatical literacy that only satisfies I componenl.

Based on thc result there arc 9 mathematics pre-service tcachers satisfi€s I components of
rnathernatical litcracy- Th€y are able to idendry relevant and available information. Morcover, thc
studonts also can dcscribe it in the form of weighted graphs. Thcy ar€ able to apply mathematical
concepts, facts, procedures, and malhematical reasoning in this car€ applying 6e Djiktra algorithm to
determinc the shortest path to solvc thc problem- The studcn6 ara able to conclude and interprct the
results of the calculation in thc rcal contaxt according to the problem.

Thcre are 18 pre-service tcacher in incomplete groups becarlse ttrey only satisfies 2 mathematical
literacy components. They are able to draw wcighted gaphs and do calculatiod with Djiktsa
algorithm corectly, but they are unable to interprct the resuhs of the calculations accordifig to the
context in the problem.

Wlercas, there are 29 pre-service teacher in the incomplete groups that only mcet oDe component
of mathematical literacy. In this group the prc-scwice teachcrs are only ablc to draw weighlcd graphs
and calculations. Thus, thcre are even somc students who cannol represent rllha! is known in the
problem to the mathemalical modcl.

30

1A

10

0
a

Flgurc 3, Ma$ematical Literacy Capability Diagram of Prospective Teachers in Solvirg Shortesr Parh
hoblems

corplete lncomrlele rn.omplete

{Two (one
componentsl Compon.n0
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From the $ree groups of mathematical literacy abilities, each participant of the mathematics pre-

s€rvicc tcacher present to describe their mathematical literary abilities. For the completc group, one

student is chosen, namely MS. For the incomplele (two components) $oup. one student of
mathematics pre-service teacher is also chosen, namely LR. Whereas for the incomplete (two
components) group, one shrd€ot is chosen, nam€ly FO. Thc following is described each groups'
nBthenratical literacy abilities.

3.1. Panicipant MS (Conplete)
From the results of the work of participant MS, it alpearc that MS is able to identitT Etat is known
and is able to understand the purpose of the problem. MS is able to make a rnathematical model by
describing what is known to b€ a weighted gaph as shown in figure 4 below-

Flgure 4. Weighted Graph ofParticipant MS

In Figue 4, it appers that MS can formulate to identify using the rnathematical shucture of the
shoftest path problem in the form of a weighted giaph.

because D k not a e,nhet of T,

distance from Jombang to Kediri or to gtodis42kit
Figure 5. Application ol Dikstru's Algoithmand Interpletation of Results by MS

5
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Then, figule 5 shows that MS is able to apply the Djiktra algoritbm corectly to find the shortest

path. This slrcws that MS can do b€tter employing. In addition, MS is also able to interprct the r€sults

of the calculations according to the conter.t on the sho(est distance problem. This is also supported by

MS' interview data statinl that " the resulrs ol these calLalations ,fiean that the closesl distane Jron
Jo bong can go direcltJ to Kedii teilhout having to pass throigh other cilies". This shows that MS

has better interpr€tation skills because she/ he can bring mathemalical solutions directly applied to the

real context [171. As a mathematics pre-service teacher, MS has succc€ded in building his idea in

choosing thc problcm solving stratcgy [ 1 8].

3-2- Patlicipant LR (lnconpletenwo Cornponents)
LR is able to id€ iry fie informahon in thc problem, to creat€ a mathematical model by descdbing

what is known to be a weightEd graph as shown fu Figure 6.

L

Figure 6. Weight€d Graph ofParticipant LR

Figure 6 shows that LR can formulate, which is identifying using lhc maftcmatical structure ofth€
shortest path problem in the form of a weighted graph.

I

Figure 7. Application ofDjtstra's Algorithnll by Participant LR

Furlhermore, in figure 7, it app€an that LR is also able to find the shortest run off urith their
mathematical concepts. LR can do employing well, she/ he is able to apply the Djikstra algoritLm until
a mathematical solution is obtained. However, afler obtaining a mathemalicdl solution, LR does not
interpret the solutions. LR does not interpret the results of tbe calculations into the context of the
shortest path problem. This is supported by the LR statemen! "So far I am not accustoned lo rehtm
n! answers to the quesrions. Because all thi.s tine, ifthere a|e mathematidtl proble s, I tend to only
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do then mathernaticall_y 'trithout returni g to the prcblen of vhat eractly is .ts*ed of the problem ".
The drird component of mathenraticat litcracy is Dot carried out by LR because the habit of doing math
problems so far has not been $/ell understood. This certainly contradicts the statcment that a

nrathcmalics pre-servicc tcacher must bc ablc to tcach problems in real life wcu [l 9].

3.3. Panicipant FO (lnconplete/One Conponent)
FO is able to identify the informalion in the problem wetl by creating a math€Eatical oodel by
dcscribilg what is known to be a *eiShlcd graph as shown in Figure 8. below.

Flgure t. Weighted Crraph ofParticipant FO

Figurc 8 shorrs that LR can formulate to identiry usilg the mathematical structure of the shodest
psth problee in the form of Braph alone without giving w€igbt to each ed8e.

Figure 9. Application of DijkEa's Algorithm by Partisipant FO

Furthermore, based on figurc 9, it appears that FO has Dot b€en ablc to apply thc Djil6tra alSorithm
corrcctly to find thc sho(est path. FO has not been able to employ, because shc/ he has not been able
to appty the Djiksb:a algorithm coIrcctly. As a rosuh, FO also has not becn ablc !o inldpret becausc
she/ he cannot interpret the resr ts of thc calculations. This is supported by FO statement, ",f do ,or
polly m6ter the fiataiol vrell, so I Mnnot fnd d solrrior". As a mathcmatics pre-service teacher, the
ability possessed by FO needs to be sought for a solution immediately, beldn8 in mind that to b€ a
futue profe,ssional leachers must havc good content knowledgc [20]. [2 | ].
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4. Cotrcluslon
Based on the results above, it can be concludod that the mathcmatical literacy ability of mathemarics
pre-servrce teacher al Uniyersitas PGN Madiun is diveNe. From 56 snrdents, 3 groups of
mathematical literacy abilities arc obtained, nanely: (l) a complete group with 9 padoipa.ors, (2)
iocomplctc (two components) goup with lE participanE, and (3) incornplete / one compon€nts group
$iilh 29 panicipants. Ths complele group has better mathernatical literary abilities, tulfiUs fomularc,
cmploy, and interpret components. As for ahc incomplete group. the mathernatical lit€racy abitity is
not good, consisting of two groups, which only mcet 2 components (fomrulat€ and employee) and
only I meels component (formulatc). It is suggestcd ro design leaming thar spccifically can develop
tnathematical literacy skills of mathematics pre-service teacher.
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