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Abstract 
Mathematical problem solving ability is one of the most important abilities students must have to process the 
information provided in solving problems. Before using mathematical problem solving skills, prior knowledge 
becomes the most crucial thing that makes students able to connect all available information so that they can 
construct new knowledge through the process of assimilation or accommodation.The purpose of this reseach is 
to:(1) Analyze prior knowledge what student has so the student can solve the problem of tangent circle given; (2) 
Know how learning trajectory in student’s mathematical problem solving ability by applying metacognition 
approach. This reaseacrch is a design research to improve the quality of learning. In this reseacrh researchers gave 
3 test questions on students’ mathematical problem solving abilities. One trial was conducted in class VIII-B and 
trial II was conducted in class VIII-A, each consisting of 30 students junior high school. The result of students 
answer analysis shows the mast problematic topic that makes the studnts are difficult to solve the problem is about 
the tangent cicrcle that is the elements of the circle and the concept of circle circumtance there are three phased in 
learning path of students mathematical problem solving skill that are under standing the problem, making the 
problem solving plan by prrior knowledge and doing problem solving and evaluating it. From this explanation, it is 
better for teachers to ensure students have sufficient prior knowledge to make it easier to construct new knowledge, 
as well as make the learning process fun and meaningful so that students will remember knowledge in long-term 
memory. 

Keywords: mathematical problem solving skill, prior knowladge, circle tangent, metacognition approach 

1. Intoroduction 
Problem is a thing that all individuals will discover, both unconsciously they indicat that is a problem. Problem 
solving ability is important capital in solving and dealing with a problem. Problem solving should be one of the 
skills developed and thought in schools to home the thinking and reasoning skill. Hudojo (1988, p. 133) states that 
problem solving is an essential thing in mathematics because (1) the students become skilled in selecting relevant 
information, than analyzing it and finally re-exanning; (2) intellectual satisfaction will arise from within which is 
an intrinsic gift to students; (3) students’ intellectual potential is increased and; (4) students learn how to make 
discoveries through the process of discovery. Charles, Lester, and O’Daffer (in Szetela & Nicol, 1992) focused on 
solving mathematical problems from three aspects: (1) understanding problem; (2) planing mathematical 
problems; (3) solving the problem (answer the problem). Based on the research survey, the problem solving skills 
test on the tangent material of the circle concluded that the students’ mathematical problem solving ability is still 
low. Of the 24 students, only 4 (16.16%) students who achieve the minimum criterion value of mastery (KKM) that 
is equal to 70. 

The result of the problem solving test showed that some students could not write down how to calculate the exact 
length of the bicycle chain and the students only used the formula to find the outline of the two circle outer circles 
only and did not understand the problem well that the concept of the circumference of the circle was also needed to 
determine the length of the chain of the bike because the chain is wrapped around the two bike gear. Overall of the 
students’ answers the most students understand the problem, but the ability of students is still low in indikotor 
problem-solving abilities that are plan completion and solve the problems given. 

Schoenfeld (1992, p. 38) states that metacognition includes knowledge of the process of thinking, self-awareness 
and confidence and intuition. Aspects of metacognition can help students in solving problems. Why is that? 



ies.ccsenet.

 

because in
and why h
students to
and Muksa
thinking p
thinking p
approach 
extending 
learning, c
behavior c
knowledge
And Othm
can help to
more efect

Matsuda’s
1154). It’s
interaction
knowledge
so that the

Hypothect
reseaarch a
2003) stat
learning o
learners le
solve a pro
rules that h

Circle tang
influential
that must b
students’ e
researcher
circle. 

 

Table 1. In

Topic 

Circle 

Tangent 

 

Based on 
understand
in understa
ability pro
based on a

 

org 

n the process o
he did the solvi
o think of other
ar’s (2016) res

process, the ab
process and its
is essential fo
these applica

can be interpre
changes that oc
e is not only re

man, Mahmud, 
o enchance stu
tively compare

 study reveals
s emphasized 
n with learning
e is important t
 ability to solv

tial Learning T
as an extensio
tes: hypothetic
objectives for m
earn and how l
oblem. Accord
have been obta

gent material r
 material of th
be possessed b
early ability is 
r about the lear

nitial design of

Priod 1 

Review the ele

the circle 

circumference 

circle 

the above exp
d the material t
anding the tang
oblem solving 
approach metac

f solving prob
ing step, whet
r alternatives o
search which s
bility to monit
s thought resu
or developing 
ations, and gai
eted as the init
ccur after learn
elated to the kn
and Jaidi (201

udents with mo
ed to conventio

s that prior kn
by Bringula e

g systems and 
to build new kn
ve mathematica

Trajectory (HL
on of thought e
cal learning fl
meaningful le
learners think.
ding to Dahar (
ained previous

requires prereq
e prerequisite i
by students in 
 very influenti
rning flow of 

f hypothetical l

Priod

ments of Paint

follow

of the 

planation resea
tangent of the c
gent material o
of mathematic
cognistion. 

Internation

lems students 
ther the solving
or try to unders
states conceptu
or and manag

ult. Similarly, F
students’ skil

ining control 
tial ability of t
ners follow the
nowledge aspe
4) this study c
oderate level o
onal aproach.

owledge great
et al. (2016, p
demonstration

nowledge of le
al problems ca

LT) is an instru
experiment tha
low or hypoth
earning, a set o
 Learning obje
(1991) problem
sly and it is not

quisite material
is the concept 
understanding
ial in the learn
students in ach

lerning trajecto

d 2 

ted a tangent of 

ws: 

archers want t
circle. And wh
of the circle. A
cal learners on

nal Education Stu

110 

need to monit
g step is going
stand the probl
ually metacog

ge the thinking
Fauzi (2015) 
lls in learning
of their self-a
the learners wh
e process of lea
ct but also abo
oncluded that r

of understandin

tly influences 
p. 2), which s
n abilities. Fro
earners, and as 
an be created w

ument that gui
at is developed
hetical learning
of tasks to ac
ectives are me
m solving is a 
t as a generic s

l to facilitate le
of the circle. T

g the material o
ning process o
hieving the go

ory circle tang

P

a circle. As 

 

 

D

f

D

o

to analyze wha
hat initial know

And researchers
n the material 

udies

tor or monitor 
g well or there 
lem again. Thi

gnition as the k
g process and 
states that lea

g cognitive str
awareness. Pri
ho can serve a
arning. This fo
out the attitude
reading lesson
ng on exposito

the learning p
states prior kn
om these resul
an important i

well.  

des the proces
d by frudental. 
g flow consist

chieve those g
eant here can b
human activity
skill. 

earners in unde
The prerequisit
of tangent of c

of students. He
oal of understa

gent material

Priod 3 

Determine the leng

fellowship in two 

Determine the len

outer alliance of tw

at initial know
wledge does the
s want to know
tangent circle 

the thinking p
are obstacles 

is is in line wit
knowledge or 
its thinking, a

arning with a m
rategies, e.g. a
ior knowledge
as a benchmark
ormula does no
es and experien
n using the met
ory texts to un

process (Matsu
nowledge in m
ts, it can be co

initial capital in

ss of conductin
 According to 
ts of three ma
oals, and hyp

be either under
y that combine

erstanding the 
te material is an
circle. Therefo
ere is a prelim
anding the mat

gth the tangent lin

circles 

ngth the outline o

wo circles 

wledge should 
e learner have 

w how the traje
by using teac

Vol. 12, No. 2;

rocess such as
that can encou

th Setyadi, Sub
awareness of o
and to evaluat
metacognitive 
asking themse
e in the conte
k to see how m
ot indicate that
nces of the lear
tacognition stra
derstand bette

uda et al., 201
mathematics af
oncluded that 
n solving a pro

ng of research 
Simon (in Ba

ain componen
otheses about 
rstand a conce
es the concept

material. The 
n initial knowl
re it is true tha
inary design o

terial tangent o

Priod 4

ne of 

Length o

on circlef the 

be had learne
so he has diffi
ctory of learnin

ching materials

2019 

 how 
urage 
banji, 
one’s 
e the 
skill 

elves, 
xt of 
much 
t pror 
rners. 
ategy 
r and 

13, p. 
ffects 
prior 
blem 

with 
akker, 
nts of 

how 
ept or 
s and 

most 
ledge 
at the 
of the 
of the 

of coil 

ers to 
culty 
ng of 
s that 



ies.ccsenet.

 

2. Method
2.1 Subjec

The subjec
class. The 

2.2 Resear

This resear
the resear
instruction
(Gravemei
and though
namely ac
the tangen
is found w
design. 

Phase I: Pr

At this stag
a mathem
discussion
conducting
trajectory a
This conje
activities. 

Phase II: T

In this seco
aims to ex
process, th
teacher act
trial proce
what happ

Phase III: 

After testin
are used to
analysis in
student lea
as follows

 

3. Results
Before the
books and 

org 

d 
cts of The Rese

cts in this study
first trial was 

rch Procedures

rch uses design
rch objectives 
nal theory thro
ijer & Van Eer
hts will be de
tivities that are

nt circle.This st
which is the res

reliminary Des

ge a literature s
matical creative
n between the r
g research wit
are also design

ecture aims as a
Conjectures ar

Teaching Expe

ond stage is to
xplore and hyp
he conjecture c
ts as a teacher 
ss. At this stag

pens during the

Retrospective 

ng the data obt
o plan activitie
n general is to 
arning and from
. 

 and Discussi
e pre-designed 

student books

earch 

y were eighth g
conducted in c

s and Research

n research meth
are achieved

ough the colla
rde, 2009). A s

eveloped in thi
e familiar to e
tudy consists o
sult of revision

sign  

study was carri
e learning stra
researcher and 
th the teacher
ned. Then from
a guide to anti
re dynamic and

riment 

o try out teachin
pothesize the s
can be modifie
and the resear

ge a series of l
e learning proc

Analysis 

tained from lea
es and to devel

develop the l
m here can ans

Figu

on 
test materials 
 and test instru

Internation

grade students 
class VIII-B an

h Design 

hod with two t
d. Design rese
aboration of re
series of stude
is study. This 
ighth grade stu

of three stages 
ns of the learni

ied out on squa
ategy and traj
the teacher ab

r in question. 
m local instruct

cipate students
d can be arran

ng activities th
strategies and t
ed as a revisio
rcher focuses o
learning activi

cess that takes p

arning activitie
lop designs for
evel of local i
swer the probl

ure 1. Cyclic pr

and test instru
uments are vali

nal Education Stu

111 

of Medan Ime
nd Trial II in c

trials as a way t
earch is a res
esearchers wit
ent activities co
research will 
udents of junio
with two trials

ing theory that

are material an
ectory of stud

bout class cond
At this stage 

tional theory fo
s’ strategies an
ged and revise

hat have been d
thoughts of stu
on of the local
on observing e
ities are carried
place in the cla

es in the classro
r subsequent le
instructional th
em formulatio

rocess (Gravem

 

uments are teste
idated by by 5 v

udies

elda Middle Sc
lass VIII-A.

to answer the f
search method
th teachers to 
onsisting of a 
design activit

or high school
s that can be do
t was tried. Fol

nd cube nets an
dents could b
ditions, researc

learning traje
ormulated whic
nd thoughts tha
ed during the te

designed in the
udents during 
l instructional 
each activity an
d out and the r
assroom. 

oom are analyz
earning activit
heory. At this 
on. Siklik Desig

meijer, 2004)

ed, the teachin
validators. Thr

chool totaling 3

formulation of 
d that aims t
improve the 
conjecture of 
ies based on s
 as an approac
one repeatedly
llowing are the

nd a metaconiti
e formed. Th
ch needs, sched
ectory and hy
ch consists of l
at emerge and d
eaching proces

e first stage in 
the learning p
theory for the

nd important m
researcher obs

zed and the res
ties. The purpo
stage HLT is c
gn Research (G

 

ng materials in 
ree validators w

Vol. 12, No. 2;

30 students for

f the problem so
to develop a 
quality of lear
students’ strat
student experi
ch to understan
y until a new th
e stages in rese

ive approach so
en proceed w
dule and meth

ypothetical lear
learning object
develop in lear
ss. 

the class. This
process. Durin
e next activity.
moments durin
serves and ana

sults of this ana
ose of retrospe
compared to a
Gravemeijer, 2

the form of tea
were a mathem

2019 

each 

o that 
local 
rning 
egies 
ence, 
nding 
heory 
earch 

o that 
with a 

od of 
rning 
tives. 
rning 

s trial 
g the 
. The 

ng the 
lyzes 

alysis 
ective 
actual 
2004) 

acher 
matics 



ies.ccsenet.org International Education Studies Vol. 12, No. 2; 2019 

112 
 

doctor at the Medan State University and two other Mathematics teachers from the SMP Imelda Medan. Before 
being tested the ability to solve mathematical problem solving students are examined by the validator logically 
with the aim of knowing the logic and ease of language of the problem given. The assessment carried out by the 
validator on the test instrument of mathematical problem solving abilities includes indicators of content validity, 
language and problem writing, and recommendations. Validator results are shown in Table 2 below. 

 

Table 2. The result of validation test of mathematical problem solving skill 

Validator 

Assessment Validator For Item

Item 

1 2 3 

Validator 1 TR TR TR 

Validator 2 TR TR TR 

Validator 3 RK RK RK 

Validator 4 TR TR TR 

Validator 5 TR TR TR 

Note. TR: Not Revision; RK: Small Revisions 

 

In Table 3 it shows the students’ mathematical problem solving test of the five validators, four validators stated that 
the students’ mathematical problem solving tests that designed can be used without revision. A validator stated that 
for item 1 is necessary to make a small revision, as well as to item 2 and 3 need to do a little revision. Beside 
validation by the validotor, test of students’ mathematical problem solving abilities also conducted previous trials 
with validation value of each question shown in Table 3 below. 

 

Table 3. Validity of problem solving problems with mathematical problem solving 

Question Item  Validation Level 

1. 0.790 6.816 2.048 Valid 

2. 0.643 4.445 2.048 Valid 

3. 0.752 6.029 2.048 Valid 

 

Based on Table 3, each value of tobserve > t table concluded that the test of mathematical problem solving ability was 
said to be valid. From the result of the students ‘mathematical problem solving test in the first experimental test the 
average of students’ mathematical problem solving ability on the problem understanding indicator is 1.92, the 
troubleshooting plan indicator is 2.26, and the problem solving indicator is 2.51. While in trial II, the average of 
students’ mathematical problem solving ability on the indicator of understanding the problem is 1.94, the indicator 
of problem-solving plan is 2.44, and the problem solving indicator is 2.63. Seen in Figure 3 follow. 

 

 

Figure 2. Average of mathematical problem solving capabilities 
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research that conclud that the mathematical problem solving ability of grade VI students is more successful than 
class V, which means that students’ mathematical problem-solving ability is influenced from their cognitive level. 

Metacognition is an idea of the self-contained mind, which includes one’s awareness of what he knows 
(metacognitive knowledge), about what he can do (metacognitive skills), and what he knows about his own 
cognitive abilities (metacognitive experience). In the results of the students’ answers, students activate their 
cognitive by relying on their initial abilities in answering the given problems, then they make the formula planning 
that will be used, and they do calculations based on their numeracy skills. 

Hypotetical learning trajectory (HLT) in this study is learning goals by determining the goals to be achieved in the 
tangent material of the circle, namely students can determine the length of the rope wrapped around two circles, 
learning activity by designing student activities that can improve students’ mathematical problem solving abilities 
tangent circle, hypotetical learning process by designing materials that can support students’ thinking in reaching 
the tangent circle that is knowing the elements of the circle and the concept of broad and circumferential circles, 
and teacher support by relying on the teacher’s ability to apply learning with a metacognition approachIn this case 
the researcher adds teacher support (help and direction from teacher) as component of HLT. Because according to 
the researcher in the process of learning assistance and direction of the teacher is of needed at the learning process 
especially for students who have low ability. 

In mathematics learning, as if are climb up the stairs, if one step is missing it is difficult for us to reach the goal, 
further more two steps lost so we will be more difficult to climb up. That’s the learning of mathematics a concept 
that one with the other has a relationship, to understand the next concept so we must know the previous concept. 
Therefore, the role of educators is also needed in activating cognitive of students. Arranging of hypotetical 
learning trajectory must really be done to anticipate what mental activities should be and what knowledge should 
be possessed by students in understanding a concept in mathematics. 

Prior knowledge that is less good causes students difficult to connect each information, manage it, and present the 
given problem. Before students understand the lines of a circle the students are trained to paint the tangents of the 
two-circle fellowship. And the initial knowledge that students must be had to solve the problems about the length 
of the circle of circle is the circle elements, the wide and circumference of the circle, the position of the line on the 
circle, the length of the tangent alliance of two circles. The full path can be seen in Table 4 below. 

 

Table 4. Hypothetical lerning trajectory circle tangent material 

Period Priod 1 Priod 2 Priod 3 Priod 4 

Topic Circle Tangent 

Sub topic the elements of the circle 
Large and circumference of 

circle 
tangent of two-circle fellowship Length of coil 

Learning 

activity plan 

Review the elements of the 

circle 
Understand the broad 

formula of the circle 

Painting tangent of two-circle 

fellowship 
Determine The length of 

the rope around the circleMention the elements of the 

circle 

Determining the length of the 

outer crossword of the two 

circles 

Understand the meaning of 

the existing part of the circle 

Understand the 

circumference formula of 

the circle 

Determine the length of the 

tangent Alliance in two circles 
 

 

4. Conclusions 
From the student’s answer in answering the problem of determining the length of the string that wrapped around 
several circles using the concepts of a two-circle parallelism circle and the circumference of the circle, some 
students still have not been able to solve the given problems. Students can not plan for problem solving well, due to 
lack of prior knowledge of students. Prior knowledge of students that make students difficult to solve the problem 
of tangent circle is the elements of the circle and the concept of the circumference of the circle. There are 3 phases 
in the learning path of students’ mathematical problem solving skills, that are understanding the problem, making 
the problem-solving plan by prior knowledge, and doing problem solving and evaluating it. Based on these 
conclusions, educators should ensure that students understand the concepts of a material before continuiting to the 
next material that requires the concept of the previous material, so that students have sufficient initial knowledge in 
solving the given problems. Educators should be able to create a fun and meaningful learning atmosphere and 



ies.ccsenet.org International Education Studies Vol. 12, No. 2; 2019 

116 
 

orientate the contextual problem in the students’ mind. 
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