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Abstract

The ability of mathematical connections posse students can be seen from the ability of

students to compile math problem s to determine the type of mathematical
connection made by elementary scho roblem-posing activities. The research was
conducted using a qualitative descriptiv
(male =16 female =18) of

Tenggara. Data were colle

od. The participants were 34 fifth grade students
elementary schools in Mataram, West Nusa
Its of student work and interviews. The analysis
was carried out qualitati ing to the indicators of the complexity of the problem

through problem posin ings sults showed that there were four types of mathematical
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Introduction

The National Council of Teachers of Mathematics (NCTM) in Principles and Standards for
School Mathematics stated that mathematics teaching and learning should support students’
development of mathematical connection skills. It is essential because a good mathematical
connection will help students understand the mathematical cqgs driana et al., 2014;
Metha et al., 2018; Kenedi et al., 2019). When the students/ oncepts, facts, and
procedures in mathematics, they will look at the bigger pictul S g@¥tics and construct a

deep understanding of it. Without a mathematical students will learn
atical connection is also

17; Rahman & Ahmar,

mathematics as separated knowledge (Kenedi et al., 20
crucial in problem-solving activities (Budiasih &
2017).

Unfortunately, some previous studies e students’ mathematical
connections are low (Young et al., 2018). n, for instance, in a study about
iyah et al. (2017) that found only
etween related topics, 40% of students able to
1ds of knowledge and 2% students able
e study of Yuliani et al. (2018) in

ee the connection between related topics,

mathematical connection in linear equations
55% of students who able to make conne
make the connection between mathemati

while 56% saw the connection be aaatics and other subjects, and 55% of students
rthermore. Solorzano (2014) investigated the
agoras Theorem. It was found that 50% of students
rnal connection difficulties, while 67% of students

ood structure sense. The findings are also in line with Asiyah
students with good problem-solving ability could make a complete

both of them need mathematical connections (Nurjaman & Sari, 2017). In problem-posing, the
students are intentionally guided to find connections among information. Therefore, making the
mathematical connection is one of the essential skills in problem-posing (Kar, 2016). Problem-
posing also can be seen as an assessment tool to assess students’ cognitive skills and conceptual
understanding by investigating their mathematical connections (Kartika & Tandililing, 2016).
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Therefore, problem-posing activities can explore the students’ mathematical connections
(Yosopranata et al., 2018). Moreover, it can be used to evaluate students’ comprehension of
mathematics (Ramadhani & Kusuma, 2020).

Problem posing can be employed to evaluate students’ mastery in mathematics, introduce
new learning topics, upgrade the difficulty level of mathematj lcation, and create

connections across mathematical topics and the implementatio
(Rosyana et al., 2018). In implementing problem posing, a tea ; sider the types
of activity used. Therefore, in the present study, we created i-STI8 activity in which
the student would be encouraged to complete the given j onnect with other
mathematical concepts.

We conducted a preliminary study related to the ection in the problem-
posing activity of the 72 five-grade students of SD ataram, divided into two
classes. Elementary students were chosen as subj e they are in the age of proper
operation cognitive stage, where people start to think lo
abstraction Maulyda et al. (2020). The instru

posing-based worksheet in the Pythagoras th

A
8 cm

s theorem, and the area of a triangle. Those concepts are

y and can do mathematical
f the study was a semi-structured problem
em. Th

is to pose a problem related to the
following Figure 1.

connected proee the students can implement the further procedure. For instance,

to determ ngth oM AB) and (BC) by using the Pythagoras theorem and then find the
length q area of triangles concept. One of the examples of students' responses
can be sec 2e following Figure 2.

101



Mohammad Archi Maulyda, Awal Nur Kholifatur Rosyidah, Vivi Rachmatul Hidayati

Translation:

Determine the length of BD if the
proportion of AB: BC is v/15: 3 and
BD is the height of (triangle which

lf base is) AC.
Yephan Q,pt\‘m ,(é '\m g}e‘}mﬂ; an AR dan, _?BC acba\n

o “.lGn \ q-\rls r‘a.. l‘_&(_
é-
JT 32 .__3 e
Figure 2. Example of students’

From student’s responses in Figure 2 it can be seen i are missing, i.e.,
how they decide to the make the proportion of (4B) : i erhaps, it was started
from |AB|?: |BC|? = 64, then choose |AB|? and |BC are 40 and 24. Later, (AB) and
(BC) are 2/10 cm and 2v6 cm respectively. To omplex calculation in the

problem, the student wrote (AB) : (BC) = V15: choice of number showed the students’
mathematical connection between number and

Based on Ghofur and Rachma's (2021) my, the mathematical problem

proposed in Figure 2 is considered a problem at t level. It means it has the highest
complexity where in formulating the proh he student needs to connect some mathematical
ideas that have been learned (Metha et % ermore, Polya in Yosopranata et al
(2018) stated that a simple problem is approfs or simple complex while a complex problem

reasoning strategies. The state ine With Tsai (2007) that the complexity of the
problem can be used to evalua #ion of mathematical relations embedded in it.

Hence, a complex mathemat 9 gave better opportunities to gain more information
related to students’ mathe s. Knowing students’ way of thinking is the core
of a teacher’s profession. ent. Hence, the present study is aimed to give a meaningful
explanation of mathegalical co n in problem-posing since, according to Solérzano

(2014), it is hardly
Based on th
mathematical con

ve, it can be seen that deepening the analysis of students'
is important. When students do problem-posing activities,
the ability of 4 ect mathematical materials becomes a very important factor.
When studeg
it is possih

ematical concepts in one problem-solving problem formulation,
atical connection process to run. Thus, the researcher assumes that
students can 1 e their mathematical connection skills through problem-posing activities.
It will directly impd®&@ncreasing students' ability to solve a problem because a problem tends

to require a combination of several mathematical concepts to solve.
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Methods

The study aims to describe the mathematical connection of Elementary School students in
geometry topics using problem-posing activities. The type of study is descriptive qualitative.

This type of research was chosen because the research parad s the type of data
presented and how the researcher presents the data. The data g criptive analyses
of the results of making questions carried out by students, sG earch is the right
research paradigm—the present study employed a collabor, een researchers and
one mathematics teacher in the fifth grades classroom. of the*collaborative work in

the research is that the researchers can adjust the flow on the observation. In
this case, the teacher will act as a teacher while t becomes an observer in
problem-posing activities carried out by the teac ] om. The researchers’ roles
were to observe, make and execute the plan, gat ze data. All stages of the research,
formulated by researchers based on the results of the mo tion of the qualitative research
flow formulated by Creswell (2012).

The data relating to the spoken and glitten wol@and students’ behavior were gathered
the ect of the study, 34 candidates in V

hich was analyzed based on problem

from observation (Creswell, 2012). To ¢
grades were asked to pose a mathematical
complexity based on Calor et al. (2§ meihe following Table 1.

Table bmplexity Indicators

No Category Indicator

1 Conceptual Comple ber of related topics addressed in the problem.

2 Mathematical Cog [NWfferent possible solutions available.

3 Analysis needed to solve the problem.

4 The solution can be represented using diagrams or

graphics.
5 The level of context used in the problem.
te’s responses, it was found that students’ answers can be

classified into categories, 1.e.: (1) mathematical problem that cannot be solved, (2)
mathematical as not correctly solved by the problem poser, (3) mathematical
problem tha ; ontextual information and (4) mathematical problem that can be
analyzed 1 lexity and mathematical connection. The mathematical complexity
was an i llowing scheme, as seen in the following Figure 3.
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7~ N\
Students'
Responses
I ! I 1
VR 7 N\
Non-mathematical Mathematical
Problems Problems
N
I
7~ N\
Can be Solved
Figure

In Figure 3 above, it has bee it the analysis process will be reduced based
on three essential things, namely non- atical problems, mathematical problems, and only
problem statements made b Lbj ge results of the work analyzed are the results of

questions that fall into ma ms. After that, the analysis results will be carried
out based on problems th. and problems that cannot be solved. The mathematical
connection of the stud zed from students’ responses in posing the mathematical
problems and from e students’ mathematical connection will be evaluated

2. Mathematical Connection Indicators

External Mathematical Connection

a) Using symbols, diagrams or other
mathematical representation to explain
the aplication of mathematics in other
fields.

b) Applying mathematics in real world
context.

Results and Discussion

The 34 participants were asked to create a mathematical problem and solve it by
themselves with the following information: (i) a garden which shape resembles a circle; (ii) in
the middle of the garden, there is a fountain with a circular shape; and (iii) the length of the
fence of the garden is 314m. In general, there are four types of problems posed by students,
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which are: a problem that cannot be solved, a problem that is incorrectly solved, a problem with
missing contextual information, and a problem that can be analyzed in terms of its complexity
and connection.

ants who were given
problems. While
ter that, from 15
ork results from

Based on the initial analysis results conducted on 34 pgiss

assignments, only 15 of them were included in the category of
the remaining 19 did not meet the expected mathematical prok
participants, 4 participants were chosen who could represe
atical problem that
d; (3) Mathematical
problems that can be

15 other participants. The four participants represent cate
cannot be solved; (2) Mathematical problems that 4
problems that dismiss the contextual information;
analyzed based on its complexity and connection.

Mathematical problem that cannot be sol

The following problem from student with JG provides the example of mathematical
problem that cannot be solved due to inco

rden is surrounded by a fence
hind the garden of orchid, what

A garden with a pool is observed fr
which length 314m. If a garden of ros
is the perimeter of rose garden

Figu G’s illustration of the proposed problem

G provided the illustration that the degree of the orchid garden is 60°
and the prop i r orchid and rose garden is 1:2. After formulating the problem,
JG tried to solv as can be seen in the following Figure 5.

...........................................................................................................
.............................................
............

............

.................

..........................................................................................................................................................

.........................................................

8 TR v i L NG R R
iRt A ) o I N LN S b A S S A S E SR

Figure 5. JG’s problem-solving
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In Figure 5, JG incorrectly determined the geometrical objects whose length needs to be
calculated. Based on JG’s response, we illustrated the following Figure 6 (a) & (b) to show the
miscalculation. The red line in Figure 6(a) is the length of the line calculated by JG; meanwhile,
the blue line in 6 (b) is the line that is supposed to be calculated,

Kolam /
__Pool~

Taman Mawar
Rose garden

(a)

Figure 6. Comparison between what 2 and what is supposed to be done
From Figure 6, it can be observed that t f the rose garden should not go
forward until the end of the pool. The stude i ave happened due to the lack of
understanding of the topic of two-dimensj
with JG are as follows:

P . What do you understand lem situation?
JG : It wants to make a pool in th ard. The pool is circular
P . What do you im s situation?

JG : There is a pond 1
on the completion s

e this picture. (While pointing at the picture

JG participant obse
shows that JG Students
External mathematical

th a circular base is a tubular shape. This review
external mathematical connections simultaneously.
is done when JG students see that the pool represents the

pool, the are the tube as the bottom area of the pool, and the height of the tube
was the
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JG problem
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Figure 7. JG’s mathematical connection

Based on Figure 7, the mathematical connection occurs after the JG subject understands
and represents the given contextual situation. The situation given is in the form of two
mathematical information: a rectangular land and a pond with a circular base. An internal
mathematical connection occurs between the concept of a circle and a tube where the pool with
the base of the circle is in the form of a tube space. JG subjects pay attention to the pool object,
which is a representation of the shape of the tube space and its attributes, such as the base, the
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height of the tube, and the volume. These attributes are then translated into the real-world
context into pool bottom area, pool depth, and pool volume. The subject of JG asked a question,
namely determining the depth of the pool so that the attributes of the base area and the volume
of the pool become information that needs to be presented in mathematical problems. The basic

area attribute is developed by associating its value with the val ard area. In contrast,

the pool volume is developed by presenting its value implicit pe of water poured

in the pond. The external representation of JG was incorrect: 5 missing the vital
information needed to complete the problem, i.e., the which makes the
circumference of the sector that represents the rose not_be’ found. According to

Négele et al. (2014) & (Prasetyo et al. (2017), the inc on in students’ work, as

P : Simply you add information on
is the purpose?

JG : To find the depth

P . What is the relationship be depth and%the two elements?
JG : It will be in the form of

P . What's the relationship?
JG : Area of base times heigh

JG subject decide which story to use in t em, namely by adding information about
r that is filled into the pool. The area of the

er that states the proportion to the area of the

the bottom area of the pool and th
pond in this problem is expressed

backyard. JG students implicitly give value of the bottom area of the pool because JG

students want a more uniqu lem.

Mathematical proble orrectly solved

Unlike the previous
student who posed } solve it correctly. In our study, the case happened to students with

ck of each person. Who will win the race? Calculate the time

/—

L]
—r
A &g
ST

i .
I\-_r/ b maler |

-

Figure 8. DZ’s illustration of the proposed problem
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From the use of the information given, DZ convert the length of the garden’s fence into
the diameter of the garden. Next, from the given problem, the question about the winner
actually needs no calculation. From the given illustration in Figure 8, and will win the race
because he has the shortest track. The solution from DZ can be seen in the following Figure 9.

Ardi <)« (n.d4).2 Geh 1) s (J-dE). 2 Chiis - 1.
{% . (co 1200 E R0 R il
(2. s - (%2 . 5001
o omag meler (3 foge) 8 er -k
. gy mbler : D02 pefor
SR L E,:.%L
X 2
220 detik . 2€) el A
Second (time) Second (ti econd (time)
Figure 9. DZ’s prob

Figure 9 shows DZ's incorrect answer in detdhi iameter of each track. The
diameter of the track of Andi, Budi, and Chris are
made an error in calculating the time needed b . Based on the proposed problem,

0 m, respectively. DZ also

mathematical problem that involves mathematical topic needs a good

mathematical connection. The results o ucted with DZ are as follows:

P : What information did yo create trouble earlier?
DZ . What I added was a descri of the area. Pool area but in the form of
a puzzle. That's

P : Does the pool j
DZ : Yes... the po

P . What area igit’ the wall?
DZ : 0Ooo00... he pond

P : So the uestion 1S the area of the bottom of the pool. OK. Why

DZ
tion, it is known that the pool area is 1/3 of the yard area. So
e relationship earlier.

ulated based on this situation are pretty complex problems.

the inforn{gm Jation, for example, stating the bottom area of the pool through the
proportion to ackyard area. Another strategy of DZ Students is to develop simple
mathematical probICW¥5 by adding contextual situations. The following snippet of the interview
transcript shows how this mathematical problem has become more complex.

The transition from the real-world context (given situation) to mathematical concepts in
the form of geometric objects such as tubes and annulus flat shapes. These geometric objects
are then analyzed for attributes or mathematical concepts attached to them, such as the concepts
of area, volume, and the quantities that influence them. The connection between these

mathematical concepts also includes observations of the attributes attached to a mathematical
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concept Urbas (2016) and contains control questions about what operations and techniques can
be used in mathematical problems (Rohendi & Dulpaja, 2013). The research subject's review
of the operation that applies between the volume of the tube, the area of the base, and the height,

which is then continued by relating the area of the base to the aregg page, is seen as a series

of procedures used in formulating the problem. This showj earch subjects can

associate one operation with another operation. It is in li on of Hasselmann
Bettin et al. (2020), who propose five types of connectio E the connection of a

specific operation to perform other operations.

Mathematical problem that dismisses the con

The following example showed the mathematica
information from a student with code; EK.

What is the area of smaller circle 1
is 4:2 and the circumference of, rge circle 15 314 m (m = 3.14)?

The problem from EK is not usi ual information given. Moreover, the

garden and fountain context has been cha e and small circles. However, there is a
mathematical ambiguity when E comparison of the large and small circles

without referring to what part of ed to compare, e.g., the diameter, the area,

numbers. It shows that EK students can apply the concept of numbers to other mathematical

concepts.
P : If the volume of water poured is 300,002 liters, what volume of water
must be spilled to maximize the depth of the pool?
EK : Must be 1 liter sir. But the depth is 3,00001 and if you round it up, it's 3
meters too, sir.
P :  But mathematically it's still a maximum (greater) 3,00001 than 3, right?
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EK : Yessir.
P . Ifthe volume of water poured is 300,000,8 liters, what volume of water
must be spilled?
EK . 0.8 liter sir. Anyway, it has to be as little as possible so that the volume
of the pool is integer and maximum
P . If the volume of water poured is 300,002 liteg ume of water
must be spilled to maximize the depth of the
EK . Must be 1 liter sir. But the depth is 3,000014 d it up, it's 3
meters t0o, Sir.

Researchers asked EK students to solve mathemati lated by themselves
with the aim of whether the formulated problems co not. The mathematical
problem described above results from correction afte plete the problem on the
solution sheet. The corrections made were (i) cha from the minimum depth
to the maximum depth, and (ii) changing the v water poured several times from 301
liters to 30,001 liters and then to 300,001 liters. i epth question was changed after
the researcher asked the maximum volume inimum height written on the solution sheet.

In the mathematical problem form on the situation I, students made an
external mathematical connection which y the emergence of the concept of a
tube in a mathematical problem to represent apool based on a circle. In formulating
a mathematical problem based Ofgusi the research subject made an external
mathematical connection indicated ation between the annulus area and the pool

edge area. The external mathemati ection also occurs when the research subject

understands situation III. The 4 sociated with the mathematical concept is a pool
the edge of the pool in an annulus flat shape. In
the annulus flat shape in everyday life is an external

pthe relationship between mathematical ideas and the real

transition re erstanding of real-world problems and possible ways to be
mathemafg
¥lem that can be analyzed based in its complexity and connection

The next ty®
contextual info

be mathematically correct problem, solved correctly, and considers the given
ation. The example shown by the student with code CP can be seen in the
following problem.

Mpr. Syaiful will build a pool in the land behind his house which size 15 m x
20.. The pool is in circle shape. It is known that the area of the base of the
pool is third of the area of the land. Mr. Syaiful fulfill the pool with 300.001
litre of water and it was spill out. Find the depth of the pool if its volume is
integer (in litre).
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The problem of CP connected all of the information given. CP were also able to solve the
problem corectly. The following Figure 10 showed CP mathematical connection.

CP problem

Vs A

;'

i Rectangular shaped land with a size Pond with a circular base
: of 15m x 20m

1

1

Mathematical Concept

Real World Context

N Spilled water
“| volume (unknown)

Maximum pool |,

Not rmation added —— Connection between real world contexts
and mathematical concepts

Aspects being asked

Figure 10. CP’s mathematical connection

ng to Figure 10, CP was able to understand and represent the contextual situation
given in . CP considered the shape of the land is a rectangle, and the shape of the pool
was a circle. The mathematical connection was made by connecting the shape of the pool, a
cylinder, with its attribute (volume, height, base, etc.). At the end of the solution, it was
translated again into the context of the pool. An internal mathematical connection occurs
between the concept of a circle and a tube, where the pool with the base of the circle is in the
form of a tube space. CP students pay attention to the pool object, which is a representation of

the shape of the tube space and its attributes such as the base, the height of the tube, and the
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volume. These attributes are then translated back into the real-world context into pool bottom
area, pool depth, and pool volume. CP students ask questions, namely determining the depth of
the pool so that the attributes of the base area and the volume of the pool become information
that needs to be presented in mathematical problems. The basic area attribute is developed by

associating its value with the value of the yard area, while the g e is developed by

The transition between mathematical concepts to rc¥ g cation is called
demathematization (Sari et al., 2018). The students re- h through external

concepts, as also found by Murdiyani et al. (2013). m real-world contexts to
mathematical concepts occurs through external i nnections where students

mathematical or non-mathematical situatio et al. (2018) also argue that problem-

posing goes through the initial stages of ich occurs when students read and

understand the given situation.

Conclusion

Based on the external and intg al connection that happened when the students

formalize the problem, we the transition into three forms, i.e.: (1) external
mathematical connection ion between real-world to mathematical concepts, (2)

internal mathematical ¢ i mathematical concepts and (3) external mathematical

the first transition i en the students try to understand the contextual situation and
represent it to i objects. For instance, the problem in the real world is
investigating a resembles a cylinder in mathematics. Then the students observe all

transition happe the students made connections among the attributes of the
1 e relation between the height and the volume. Later in the third
fiterpret the calculation result with the real-world situation. For instance,

activities involving the skills to identify the relation between mathematical concepts and
procedures in mathematics and the context outside mathematical objects. Technically,
mathematical connections support the students in making decisions related to the structure of
the sentences and the difficulties level of the mathematical problem. It helps the students to
make sense of a complex mathematical problem. Students who can formulate complex
problems identify research findings regarding mathematical connections that occur through
real-world context transitions-mathematical concepts. Future studies need to use more

113



Mohammad Archi Maulyda, Awal Nur Kholifatur Rosyidah, Vivi Rachmatul Hidayati

significant research subjects with varying degrees of difficulty of the formulated problems to
clarify whether the three transitions also occur.
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