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ABSTRACT

Mathematics literacy is individual capacity to formulate, to employ,
and to interpret mathematics in various contexts. Indonesian
students aged 15 are required to perform these three skills and these
abilities reflect the success of the curriculum. The results, however,
are never considered satisfying since, many argue, the students are
not accustomed to deal with the mathematics literacy problems.
Teacher is then the one who takes the responsibility to make the
students familiar with the literacy problems. This research aims to
look closer at the mathematics literacy skills possessed by pre-
service teachers. It is a qualitative research which involved 128
undergraduate student teachers as the subjects. A custom
mathematics literacy test was developed with various contexts to
measure the student teachers’ literacy skills according to the PISA
framework. The results suggest that they performed well in the level
1 to 3 problems, but not in the level 4 to 6. Many errors made by the
student teachers in the stage of formulating, employing, or
interpreting. Finally, teachers need to be accustomed to this skill
before they are ready enough to teach their students.

This is an open access article under the CC—BY-SA license.

Introduction
Mathematics literacy is individual capacity to formulate, to employ, and to interpret mathematics
in various contexts, such as personal, occupation, society, and science contexts (OECD, 2010). The
Programme for International Students Assessment (PISA) regularly assesses the 15-year-old-
students’ performance in mathematics literacy and reports it to the participating countries.
Indonesia also takes part in sending delegates to the assessment. The results, however, are never
considered satisfying since, many argue, the students are not accustomed to deal with the
mathematics literacy problems (Argina et al., 2017).

In the six times PISA assessment since 2000, Indonesia ranked in bottom ten. It ranked 39 of
41 in 2000, 38 of 40 in 2003, and 50 of 57 in 2006 (NCES, 2018). In 2009, Indonesian students
ranked 57 of 65 countries, ranked 64 of 65 countries in 2012 and ranked 64 of 72 countries in 2015.
In 2018, Indonesia ranked 73 of 79 countries (Schleicher, 2019). In detail, the PISA report suggests
that it was only 28% of Indonesian students who successfully solved the problems at Level 2 or
higher (Avvisati et al., 2019). The problem at Level 2 is described as showing skills of interpreting
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and recognizing situation in mathematical representation. On the contrary, the rest 72% could not
reach this level. Therefore, Indonesian government regards the PISA results as the external
challenge which triggers the reformation of Indonesian curriculum (MOEC, 2016).

Many factors cause the low performance of Indonesian students on PISA. Zulkardi & Santoso
(2015) suggest that the cause of the low PISA results of Indonesian students is the large number of
test materials on PISA that are not included in the education curriculum in Indonesia. Indonesian
students are not familiar with PISA-type questions (Aida et al., 2017), have not been accustomed to
practicing with questions that require higher order thinking skills (Hartini et al., 2018), and have
not obtained learning experiences that explore reasoning skills (Styawati & Nursyahida, 2017). The
mathematics teacher must strive for these habituations.

The teacher is one of the important factors in determining the success of a learning process
(Ismail, 2010). Teachers must be able to facilitate students to become familiar with questions that
require reasoning, higher order thinking, and questions that hone mathematical literacy skills. To
be able to get students used to learning with questions of the PISA type, a teacher must have the
ability to develop questions of the PISA type (Istiandaru, 2014). Furthermore, teachers must also
have good mathematical literacy skills.

To have good mathematical literacy skills, a teacher must practice from the time of his
education. This is based on the fact that there are not many teachers who are capable and eager to
learn new things after getting a stable job. The enthusiasm for learning new things generally
appears while still in college (continuing studies) or pursuing a continuous professional
development program. Therefore, familiarizing prospective mathematics teacher students to be
familiar with mathematics literacy problems is important.

The mathematics education department of Universitas Ahmad Dahlan has 533 prospective
mathematics teacher students in the 2019/2020 academic year. The discussion about mathematics
literacy and PISA generally happens in the courses of Junior High School Mathematics Curriculum
Analysis and Mathematics Learning Process Evaluation. Furthermore, there has been no research
that has measured overall mathematical literacy skills covering all PISA content and using a context
adapted to UAD mathematics education students. The existing research has only measured
mathematical literacy skills in space and shape content using the PISA instrument which should be
intended for 15-year-old with a sample of one class (Hendroanto et al., 2018).

Therefore, a special study is needed regarding the mathematical literacy abilities of students
of the UAD mathematics education study program as a whole both in terms of content and sampling
by adopting the PISA framework, in order to obtain a more accurate picture of the literacy abilities
of prospective mathematics student teachers.

Method

This research is a qualitative research. The subjects of this study were students of the mathematics
education department of Universitas Ahmad Dahlan enrolled in 2020. They were selected
conveniently representing each active batch. During the process of data collection, we have 128
student teachers joined the test.

We developed a mathematics literacy ability test by paying attention to the context, content,
competence, level, and process of mathematical literacy by adopting PISA framework with selected
context aspects that are familiar to the research subject and content taken from school mathematics
topics. The test instrument was validated by two experts of mathematics literacy and they
confirmed the validity of the test to measure the mathematics literacy ability.

The test was then given to the research subjects and analyzed descriptively. Furthermore, the
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researcher took a sample works of research subjects to be analyzed deeper. We tried to find out
what the student teachers can do dealing with the mathematics literacy process of formulating,
employing, and interpreting mathematics problems.

Results and Discussion
The results of the test are presented in Table 1.

Table 1. Descriptive results of the mathematics literacy test

Percentage of students performing: Level

Process skills of math literacy I 11 11 vV \ VI
Formulating 66.7 66.7 66.7 111 444 333
Employing 55.6 38.9 50 5.56 11.1 33.3
Interpreting 55.6 61.1 55.6 11.1 22.2 27.8

Based on Table 1, we know that the student teachers were good to solve problems Level 1, 2,
and 3. However, they mostly failed to solve problems Level 4, 5, and 6. This is in line with finding of
Avvisati et al. (2019) who found that the Indonesian students could only deal with Level 2, no
higher.

At the problem Level 1, more than half of the student teachers were successful to formulate
the problem, employ their strategy and interpret the result. Problem level 1 said,

[THROWING DICE] What is the probability of getting the same dots in a throwing two dice

together at once?

The problem Level 1 just needs a direct inference. Students need to think about all possible
outcomes of throwing two dice at once and the number of possibilities to get two same dots. Then,
calculate the ratio. Yet, there were almost a half of the students failed to solve it. Here we present
the work of Subject E-10.

Figure 1. Sample work of E-10.

E-10 had a good start by identifying the all possibilities to get similar dots of two dice. But
then E-10 failed to calculate the probability. Since the value of probability is no more than 1, then
the interpretation of the results was wrong if E-10 got 6.

The problem Level 2 also shows a good start of formulating and interpreting, but most of
student teachers failed in calculating properly. Problem Level 2 said,
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[BACTERIA] A bacteria splitting to be two individuals every 20 minutes. In a lab, there are
1,000,000 bacteria at the beginning of an observation. Estimate the number of bacteria right

after 3 hours!

Towards the problem, students need to think about finding the n-th term of a geometric
sequence. In fact, some students cannot recognize nor build up the pattern. Thus, they arrived at a
wrong solution, as presented in Figure 2.

1 _gauw pertawa = 1.000.000 % & x ( 60&21'_;_;0:@-»{
= 1000006 X2 x3 I
= 6-000-000 balien =
Seiql_alq_m%_d,é(m‘; 6-000-000 X 3 g
= 18-000-000 bakfen . ——

Figure 2. Sample work of E-1.

E-1 simply multiplied the initial number of bacteria, the number of splitting, and the
frequency of the splitting, without considering that each of the splitting bacteria would also split.
This is a proof that there are still students out of logic in dealing with context.

Problem Level 3 requires students to work with procedural problems and select the best
strategy. Problem Level 3 said,

[FARM HOUSE] A cube farm house has a 14 m height. Its roof is a pyramid having 24 m height.
A farmer wants to cover it with asbestos sheets. Each sheet has 75 cm x 200 cm length and width.

If the farmer buys 460 sheets, is it enough to cover his entire roof?

Problem Level 3 requires students to sequentially perform procedural works. They have to
work with Pythagorean theorem to find the altitude of each lateral face of the pyramid-shape roof,
calculate its entire area, and then compare with the supply to decide if it is enough or not. Figure 3
provides the sample solution done by A-2.

\I 342+ ‘3‘1 L“aj hmas = 4 ¥ bl: a.%
(S + 49 -4y 1 . 1axas
=
61S = 0 @
25 M
Mo ashes 460 byaw Mmaka ¢ MU % 460 = g0 wt

Jadi  luas limas =900 Mt dan \uag asbes = 690 mr
Seklnqg)a ashes stongak 460, Kda tUKup U veruhp; - selutn
pemukaon owp kumng (200 -690 = 1L Mmt).
Figure 3. Sample work of A-2.
A-2 was good at formulating the problem, sketching the situation, employing the strategy,

and making decision based on the calculation.
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Problem Level 4 requires the use of representation to work effectively. The problem said,

[SNAIL] A snail claim a 10-meter tree. It could claim 3 meters at daylight, but at night, it falls 2
meters. If it persistently climbs every daylight, what day it could reach the top of the tree?

Towards the problem, B-1 provide the answer as shown in Figure 4.
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row o= (5 F0) - 2

z ¥0 - 2
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7

Figure 4. Sample work of B-1.

B-1 has sketch the snail path day by day correctly. It can be seen with the climbing arrow
represents 3 meters and down arrow representing 2 meters. However, in the calculation of the path.
It was written addition instead of subtraction. B-1 seems forget or did not understand about the
concept of negative number. Therefore, B-1 arrived in a wrong answer.

Problem Level 5 demand the students to make assumptions, different representations, and
evaluate their strategies. This problem said,

[SETTING A CAMP] A group of scout consists of 12 members want to set a tent with length 6 m.
The area of the roof is 24 m2. Help the group to set the tenth by suggesting the proper height

and width of the tent such that all members could sleep inside it.

Towards this problem, A-3 provided answer as presented in Figure 5.

Mathematics literacy skills in pre-service teachers (Istiandaru, Prasetyo, Istihapsari) 35



BAMME Vol. 1 No. 1, April 2021, pp. 31-38

L pemukans, Cortan = P - A
(2 - 6!

thm77‘,\ BC FAC 2 2m ,maka AR

tihmewa fl dtdqfﬂ##«h Ag =~ 22

™

z

‘;-Eh:‘f177q Y EFuran )/am? {f’f)q# q?ar
Arex 2l = Acxgc xag

J At d€f7m aturan 5e7:h7a. |

Jf{m’u{ﬁ qnf7dfq d’qf)qf tdur )/mﬁ-q

Figure 5. Sample work of A-3.

A-3 tried to sketch the situation and provided an alternative right triangle for the base of
prism using the relationship of three special angle in a right isosceles triangle. The formulating and
employing process is quite good but it lacks of reasoning on why chose this strategy. For instance,
A-3 should also verify if the height is good enough for average men to stand inside the tent.

At last, the problem Level 6 requires students to make a guess or generalization based on
model. The problem Level 6 said,

[ANTIBIOTIC] Every hour, an antibiotic will remain only 40% of the amount at the previous hour

after injection to a body. If someone get 100 mg antibiotic shot at 8.30, what time does the
amount of antibiotic below 1 mg?

Towards this problem, E-8 provided answer as presented in Figure 6.

MG\\in
8-30 — 00 m\%mm
9.10 — 40  migram

G50 -1 migum

030 — b4 mlgam
110~ 256 mlgan
-5so — L 024 m\gmm

\2-2%0 — 0, 40gb mlg ram

$odi paiakim  meaGges &\ mQyom  gada pukul (2-30.

Figure 6. Sample work of E-8.

E-8 tried to make a sequence of the amount of antibiotic inside the body, but there is no
explanation how to get it though the guess is quite correct. However, critics can be delivered
because at 11.50 the amount of the antibiotic almost below 1 mg, while at 12.30 it is far below 1 mg.
It is still make sense to say that it is not until 12.30 the antibiotic already less than 1 mg, probably
right after 11.50. An adequate reasoning would make the answer better.
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Conclusion

Finally, we get an insight that the pre-service teachers were quite good at performing formulation,
employing, and interpretation of PISA-like mathematics tasks at Level 1 to 3. However, many failed
to perform the skills at Level 4 to 6. These skills must be trained more often to give them provision
for teaching at high school.
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