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Abstract.

Thinking is a cognitive activity that produces different ways of solving problems which
affects numeracy literacy ability. The numeracy literacy consists of two domains,
namely change and relationship and quantity. This study aimed to describe students’
numeracy literacy ability viewed by characteristics of students’ way of thinking. This
study was a qualitative research with a phenomenological design. The participants
were eight 9" grade students from a junior high school in Central Java, Indonesia, who
had different characteristics, that are concrete sequential (CS), concrete random (CR),
abstract sequential (AS), and abstract random (AR). The data were collected by using
written tests, questionnaires, and interviews. The results show that each characteristic
had its own way of solving the numeracy literacy problems. In quantity domain, CS, CR,
and AR students tend to answer the problem with one solution; however, AS students
responded with various alternative answers. In change and relationship domain, a
difference was observed between concrete thinkers and abstract thinkers. CS and
CR students tend to solve problems by using an example to take a trial-and-error
approach. Meanwhile, AS and AR students tend to work using existing concepts by
manipulating the formulas in the question with logical and rational processes.

characteristics of students’ way of thinking, junior high school, numeracy
literacy ability.

Mathematics is one of the abstract sciences that has been applied since a long time ago.
It has been developed by mathematicians from ancient Egypt, Babylonia, and ancient
Greece. Daily life problems such as trading, construction, and astronomy cannot be
detached from the role of mathematics. The many uses of mathematics in various fields
of life makes it an important science to learn and master. Therefore, mathematics and
its application an obligation to be taught in schools as part of the subjects that must be
mastered by students.

Mastery of mathematics and its application in solving daily life problems is part of an

individual’s mathematical literacy ability. Mathematical literacy is an individual’s capacity
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to reason mathematically and to formulate, employ, and interpret mathematics to solve
problems in a variety of real-world context [1]. The word formulate refers to the ability
of individuals to translate from a real-world setting to the domain of mathematics and
how the individuals can provide the real-world problem with mathematical structure,
representations, and specificity [1]. The word employ refers to the ability of individuals to
apply mathematical concepts, facts, procedures and reasoning to solve mathematically
formulated problems to obtain mathematical conclusions [1]. The word interpret (and
evaluate) focuses on the ability of individuals to reflect upon mathematical solutions,
results or conclusions and interpret them in the context of the real-life problem that
initiated the process [1]. In the process of solving problems, the three processes in

mathematical literacy are interrelated with one another.

Mathematical literacy is about dealing with ‘real’ problems [2]. In general, literacy
questions are arranged by involving real-life problems to be solved by using mathe-
matical concepts. Mathematical literacy has various scopes, one of which is numeracy
literacy. Numeracy literacy is a skill to apply concept of numbers, arithmetic operations,
and mathematical operations to real objects in everyday life and develop the ability
to interpret quantitative information [3]. The numeracy literacy ability leads students to
build mathematical thinking in solving daily life problems.

Individual ability to solve daily life problems is related to the process of their thinking.
Different thinking processes and thinking characteristics will result in different ways of
solving problem. It will affect the students’ processes of formulating, employing, and
interpreting in solving numeracy literacy problems. Therefore, it is important to know
numeracy literacy ability viewed by characteristics of students’ way of thinking, so that
it can be seen how they process the information and solve the problems. When the
process of students’ thinking in each characteristic is identified, it will be easier to
design learning method that can develop numeracy literacy ability which can reach all

characteristics of students’ way of thinking.

The method in this research was qualitative with a phenomenological design which
analyze numeracy literacy ability viewed by characteristics of students’ way of thinking.
The subjects were 8 students of 9" grade of a junior high school in Central Java,
Indonesia who had different characteristics, that are 2 students with Concrete Sequential
(CS) characteristic, 2 students with Concrete Random (CR) characteristic, 2 students
with Abstract Sequential (AS) characteristic, and 2 students with Abstract Random (AR)
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characteristic. The data collection procedures were written test, questionnaire, and
interview. The written test instrument consisted of 2 essay questions adapted from PISA
2012 questions to measure numeracy literacy ability. The questions were chosen based
on numeracy literacy indicator which includes two contents of mathematical literacy,
that are change and relationship domain, and quantity domain. These two problems

are shown in Figure 1.

Memory stick disk status A memory stick is a small, portable computer
storage device.
Tvan has a memory stick that stores music and
photos. The memory stick has a capacity of 1
GB (1000 MB). The graph below shows the
Bnusc @508 current disk starus of his memory stick.
Ofnas 1sems  Ivan wanis o transfer a photo album of 350 MB
B Free space 15z mey 0t his memory stick. but there is not enough
free space on the memory stick. While he does
not want to delete any existing photos, he is
happy 1o delete up to two music albums.
Tvan’s memory stick has the following size music albums stored on it.. The graph below shows the
current disk status of his memory stick.

Infusions (or intravenous drips) are used to deliver fluids
and drugs to patients.

Nurses need to calculate the drip rate, D , in drops per
minute for infusions.

d
They use the formula D = ﬁ where
T

dis the drop factor measured in drops per millilitre (mL),
[‘Abum | Album 1 | Album 2 [ Album 3 | Album 4 | Album 5 | Album 6 [ Album 7 | Album § vis the volume in mL of the infusion,

[Size [100MB [75MB [80MB [55MB_[60MB | 80MB | 75 MB | 125 MB i the number of hours the infusion is required to run.

By deleting at most two rmusic albums is it possible for Ivan to have enough space on bis memory A nurse wants to double the time an infusion runs for.
stick to add the photo album? Circle “Yes™ or “No™ and show calculations 1o support your answer.  Describe precisely how D changes if n is doubled but d and v do not change.

(@ (b)

Figure 1: Numeracy literacy’s questions in quantity domain and change and relationship
domain.

Figure 1(a) is the essay question for written test in quantity domain and Figure 1(b) is
the essay question for written test in change and relationship domain. The questionnaire
characteristics of students’ way of thinking adapted from John Park Le Tellier in De Potter
& Hernacki [4]. Meanwhile, interview was conducted in an unstructured interview to
obtain in-depth information about students’ numeracy literacy ability and characteristics
of students’ way of thinking as well as support what they have been obtained from the

written test and questionnaire.

3.1. Students' Numeracy Literacy Ability with Concrete Sequential
(CS) Characteristic

Denaon _menghopus  pabing banyak & album munk, mungkinkah Translated version of the answer:
lvan miliki__cokup ruona ch glothditk galuk  menamboh alb\l_ﬂ'_{l‘:tgl B}’ dclc:tmg at most two music albums, is it
tawal ¢+ * Yo" possible for Ivan to have enough space on his

memory stick to add the photo album?

i Lk 3 M@, 3ementara lvan_ Ingin >
Saag femsg 8 tipitch_uxs M5 Answer: “Yes”,

mongtranger 310 ME  aloum  foto.

Free space in memory stick is 152 MB, but Ivan
wants to transfer a photo album of 350 MB.
So that, Ivan can delete 2 music albums,
that are album | and album 2 :
Moko. siso ruang Worong didig\arhdirk odalah 100 MB + 125 MB = 225 MB.
1£2 Ma 4 33T Me : 377 Mo As a result, memory stick’s free space is
152 MB + 225MB = 377MB.
Now, Ivan has 377 MB that is enough for him
—Cukup ruong untuk mentionscer 3™ M@ album goto. to transfer a photo album of 350 MB.

\Irkue Wwu. Won  dogot menanogus 3 OWbum munk, yoity
Mbym 1+ 4 Album 2 = 100 M& 2T M
* 235 MR

Jadi, dengon _ruong Yorong 377 MB. lvon memilis

Figure 2: Concrete sequential (cs) student’s answers in quantity domain.
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Figure 2 shows that in the quantity domain, students with Concrete Sequential (CS)
characteristic have one solution. They answer that they need to delete albums 1and 8

so that there will be 225MB of free space left.

|2 © dion menjadt sehengah  der: semdlo. afou Translated version of the answer:
50 % leboh  ceddrd  dory  semule

T[o el dtvevawuic —D will be half or 50% less than the former
w425 — Gva condition.

s u v ——— = —
T o 4w - -For example:
o ee T d=25,v=360,m =3
T . 55318 6o - d.v 25360 50
1 . % ) o o 1 == = =
_# ko o dlpstgondokan  menjodt 0.« 8% 60n 60.3
Ceve, o dy —— — Ifnisdoubled, n=3x2=6
1 e b, = dv 25360 25
4Bl .2 TP e0n 606

ok

I =1
002 2500 "E@SO that, D2 3 D]_.

Figure 3: Concrete sequential (cs) student’s answers in change and relationship domain.

In the change and relationship domain in Figure 3, it can be seen that the subjects
answer using an example. They write that D will be half or 50% less than the former
condition by showing evidence through the example if all the values of d, v, and n are
known, and after that they look for the proportion. Based on the results of the interview,
the subjects argue that it is easier to work on a problem by bringing it to a real context

and an example.

3.2. Students' Numeracy Literacy Ability with Concrete Random
(CR) Characteristic

Flashdisk: 16B (1000 MB)

18! Flashdisk - (5o +198 - 848 Translated version of the answer:
Free Flashdisk: 152 MB Memory stick = 1 GB (1000MB)
yong dibubuhkan- 350 MB Used space = 650 +198 = 848,

Jadi= 350-152 Free space = 152 MB,
* 198 MB Space needed = 350 MB

Jadi Rle yang dihapus adalah album 3 dan album § So, 350 -152= 198 MB
= 80MB + 125 MB Ivan can delete album 3 and album 8.

=2 5
5 s _T:,”MB 80 MB + 125 MB = 205 MB,

=7 MB ~ Free Cpace 205 - 198 MB =7 MB (free space).
Jawaban: "ya" Answer : "yes”.

Figure 4: Concrete random (cr) student’s answers in quantity domain.

Figure 4 shows that in the quantity domain, subjects with Concrete Random (CR)

characteristic have one solution. Unlike the CS subjects, the CR subjects answer that
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they only need to delete albums 3 and 8 so that they will get 205MB of free space. It

is already enough because only 198MB of free space is needed.

LaJu akan berkurﬂng Translated version of the answer:
S Rily wakly wamdqu Drip rate will decrease.
¥ hacd For example:
0-d d=30mL,v=20mL,n=1s
nais = dv 40, 2n dv 3020
D dv/eon :30.90 /w.ﬂ 60n 60
- 800 / 120 If n is doubled:
= 30.20 [ 40 £ 5 ni Je b - d.v _30.20_600_5 L
- D mlfg “602n 602 120 ML/

Figure 5: Concrete random (cr) student’s answers in change and relationship domain.

In the change and relationship domain in Figure 5, it shows that the subjects answer
using an example the same as the CS subjects. The CR subjects show the evidence
through an example if all the values of d, v, and n are known. They only report that the
drip rate will decrease without mentioning how much the reduced value is. The process

of solving by the CR subjects in this domain has the same tendency as the CS subjects.

3.3. Students' Numeracy Literacy Ability with Abstract Sequential
(AS) Characteristic

Translated version of the answer:

Yes.

Ivan has 152 MB free space.

So that, Ivan needs to delete 198 MB of music
album (350-152).

Ivan can delete (1&8) or (2&8) or (3&8) or
(6&8) or (7&8).

* Ya

? lwon  memiks  ruang ¥eomg  sebesar 152 M@ Jad:

\a  ‘anye perw menghapuy album  munk Ceberar \98 pg

(350 -15a),

' \won dagakr  menghapus (128),0238).(3%8).(cp)
seiko (3 28)

» File ygq ovon  dihapur  hagur lebiw  docr  19q M8
% 149+ 100+ 25 4 ¢k = Qo 112F The files will be deleted should be over 198 MB.
et g, . dos v, 1&8 =100 + 125 = 225 MB
A 2AB s 76a2c 3 3R+ 15115 2&8 =75+ 125=200 MB
: avo M8, 200 pg 3&8 =80+ 125=205 MB

6&8 =80+ 125 =205 MB

P 328 = go +12¢
T&8 =175+ 125=200 MB

205 MAp

Figure 6: Abstract sequential (as) student’s answers in quantity domain.

Figure 6 shows that in the quantity domain, students with the Abstract Sequential
(AS) characteristic have various ways of solutions. They can find 5 possible answers
to solve the problem. They write down all the answers that are suitable to answer the
question.

In the change and relationship domain in Figure 7, it shows that the subjects answer
the question by manipulating and building concepts based on what is known from the

question. They write the answer in a logical and rational process.
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) 4.9 .
' D+ —Z=a . Jelarkan dengon tepat bagaimon o )
i i 4 don v waor  Iranslated version of the answer:

jiko_n_digandakon kekapi

_perubohon _nitai D
berubon | e —FormulaD = %,
2 e Describe how D changes if » is doubled,
— T " but d and v do not change.
b & —p, 22 o, i
= o Di_B0m D Tp _1p
" 5. %0, D, dv D, 1 2
"_.. 60.2n 2

| 3o o digondakon tevap d den v wdak beruboh. mara Jf s doubled but d and v do not change,
afloi D avon berubah menjadi  etenach dert D owel. ) wwill be half of the former condition.

Figure 7: Abstract sequential (as) student’s answers in change and relationship domain.

3.4. Students' Numeracy Literacy Ability with Abstract Random
(AR) Characteristic

Translated version of the answer:

e
= = . = Yes.
Jalnfan_: - Tersedia 1 g6 v Music_¢50 M8 - ~ === Proof: Memory stick = 1 GB, Music 650 MB,
e NPhetw \RMe  —— Photos 198 MB, Free 152 MB,
.r“_ . . M oo Space needed 350 MB.
| sdibubtan 35 ME. Maka fertu ruong tambaban (3561 IBDME o0 oo (350-152) MB = 198 MB free space.
. 1 . = — Choose 2 largest albums = 100 MB & 125 MB,

=M > alou demb derpror = o g 2025 M8, didafet 23 TE o 0y 0o 905 MB, 225 MB > 198 MB.
235 M8 5100 MR I bl ukl wen-dranger albuw $£F Q4 that, Tvan can transfer a photo album into his
ke flashidisk. . i ~——— memory stick.

Figure 8: Abstract random (ar) student’s answers in quantity domain.

Figure 8 shows that in the quantity domain, subjects with the Abstract Random (AR)

characteristic have one solution. It is almost the same as the CS and CR subjects.

| D = dv/Gon Woddeiqet  Translated version of the answer:
A digandakan drtspew  D=the drip rate per minute,
TN A Ll . E S — d = the drop factor measured in drops per
i tnn e millilitre (mL)
— — ey = mL, n = the number of hours,
I a— — e =d_v
L - 60n
a4 - - n is doubled, but d and v do not change.
120 ! , dv dv dv 1
o i Lt ~602n " 120n  60n 2
= ‘m' D’—DxlaD'—ED
—= 0-% ) cbih Sedibt dr D awal . - 2 2
v 50 ) Jai P Vonich rapl Kth 9 = So that, D will be decrease.

Figure 9: Abstract random (ar) student’s answers in change and relationship domain.

In the change and relationship domain in Figure 9, it can be seen that the subjects
write D’ as a new drip rate, and then processes it to produce a proportion with the old
drip rate. However, they only argue that the rate would get lower without mentioning
the value of the change. Their process of solving problems in this domain has the same
tendency as the AS subjects.

Based on the results of the analysis on students’ answers in both domains and the

results of the interviews, it shows that students in four characteristics of way of thinking
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have similar numeracy literacy ability. All students are able to answer the problems
presented in the quantity domain as well as in the change and relationship domain.
Students in each characteristic are able to justify rightness their answers. However, the
process of formulating, employing, and interpreting is not carried out systematically
and completely. They still tend to write down their answers directly without following
the coherent steps.

In the process of working, there are differences in how students process information
and solve the problems. Each characteristic has multiple lines of thought in working
on mathematical problems. In quantity domain, students with Concrete Sequential (CS),
Concrete Random (CR), and Abstract Random (AR) characteristics tend to answer the
problems with one solution. Meanwhile, students with the Abstract Sequential (AS)
characteristic respond the problems with various alternative answers, even up to 5
answers. This condition is related to the characteristic possessed by the AS students
where individuals tend to emphasize important details related to the answers. For the
AS students, evaluating important things such as key points and important details are
quite easy to perform [4].

In the domain of change and relationship, students in four characteristics are able
to answer correctly and explain the process of solving problems completely. In this
domain, students in each characteristic have different ways to solve the PISA problems.
Students with Concrete Sequential (CS) and Concrete Random (CR) characteristics tend
to solve problems by using an example, so that the answers can be found in the
form of numbers to get the solution and find the proportion. This kind of solution is
related to the tendency of concrete thinkers to have experimental attitudes [4]. They
do something based on reality, but they also want to take a trial and error approach
[4]. Concrete learners love specific directions and procedures and hard to work the
abstract concepts and imagination [5]. Meanwhile, students with Abstract Random (AR)
and Abstract Sequential (AS) characteristics tend to work using existing concepts by
manipulating the formulas in the questions to find the proportion. This is related to
the tendency of abstract thinkers who have logical, rational, and intellectual mindsets.
Abstract learners have high reasoning abilities and tends to be critical and analytical
because they have a strong imagination [5].

Working on the problem using different ways is not wrong as long as the concepts
applied are correct. For students with concrete thinking, it will be more effective to
make something concrete by trying to connect with what they know and understand
[6]. For those with abstract thinking, it will be easier to build concepts. These different

ways of thinking require the teacher to apply a variety of learning models in the learning
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process. Various learning models allow students to be able to learn according to their

way of thinking so that they can achieve better learning outcomes [7].

Based on the result and discussion, it shows that the numeracy literacy ability of students
with Concrete Sequential (CS), Concrete Random (CR), Abstract Sequential (AS), and
Abstract Random (AR) characteristics do not have a significant difference. All students
in these four characteristics are able to answer the questions completely, even though
they have not been able to apply the formulating, employing, and interpreting processes
coherently. Students in each characteristic has its own way to solve the numeracy
literacy problems in both domains. The difference between each characteristic lies in
the way students in writing the information obtained from the problem and writing in its
solution. In quantity domain, students with Concrete Sequential (CS), Concrete Random
(CR), and Abstract Random (AR) characteristics tend to answer the problem with one
solution, meanwhile Abstract Sequential (AS) students respond with various alternative
answers. In change and relationship domain, there is a difference between concrete
thinkers and abstract thinkers. Concrete thinkers (Concrete Sequential and Concrete
Random) students tend to solve problem by using an example to take a trial-and-error
approach, so that the answers can be found in the form of numbers to get the solution
and find the proportion. Meanwhile abstract thinkers (Abstract Sequential and Abstract
Random) students tend to work using existing concepts. They answer the problem by
manipulating and building concepts based on what is known from the question with

logical and rational process.
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