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Abstract

One of the goals of learning mathematics for students is that students have skill to solve the
mathematical problems as a mean to promote the careful reasoning, logical, critical,
analytical, and creative (Widjajanti,2009). But in fact, the Indonesian students have the low
skill in reasoning mathematics. It has been proved by the low performance of Indonesian
Students in PISA (Programme for International Student Assessment) survey in the period
2000 - 2012. Based on the result, this study aims to produce a set of PISA - like mathematics
task with natural and cultural heritage of Indonesian as context which are valid and
practical. This is a design research using type of development study with formative
evaluation. Technique of the data collection is walkthrough, documentation, and test. The
subjects were 34 ninth graders from SMP Negeri 1 Palembang. From the analysis of the
documentation it can be concluded that (1) the set of PISA - like mathematics task with
natural and cultural heritage of Indonesian as context which are valid and practical; (2)
based on the development process showed that the set of PISA - like mathematics task with
natural and cultural heritage of Indonesian as context have the potential effect on
reasoning skill of students.
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INTRODUCTION

Every student should have good reasoning ability, because this is consistent with the goal
of learning mathematics. According to National Council of Teacher (NCTM, 2000), the
goals of learning mathematics are: (1) mathematical communication; (2) mathematical
reasoning; (3) mathematical problem solving; (4) mathematical connections; and (5)
mathematical representation. Widjajanti (2009) adds that one of the aims of learning
mathematics for students is that students are able to have the ability or skill to solve the
mathematical problems or mathematics task to promote the rigorous reasoning, logical,
critical, analytical, and creative. All students should be able to reason and communicate
proficiently in mathematics and should have knowledge include the ability to define and
solve the mathematics problems. It uses of the vocabulary forms of representations,
materials, tools, techniques, and intellectual methods of the discipline of mathematics
(Lappan et al,, 2002).

But in reality, Indonesian students have low reasoning skills. It because students didn’t
have the ability to design mathematics models, solved the models and interpret the
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obtained solution (Prihastuti et al., 2013). Sadiq (2007) also explained that the low level
of mathematical problems solving skills of students due to the learning process of
mathematics classroom less increase high-level thinking skills (higher order thinking)
and less directly related to the real life of students.

Because of that, the latest PISA mathematics survey results in 2012 shows that
Indonesian students, as in several previous results, only reached below level of items
assigned and bottom rank compared to the other country participants, that is, 64 from 65
countries. Considering that fact, government made changes the Indonesia education
system, one of it is the change curriculum. It calls the Curriculum 2013 whose framework
of its development is encouraged by the PISA result (Kemdikbud, 2013). PISA task
recommended conducting study in designing teaching program, because it can improve
the quality of mathematics teaching and analyzing how students make errors in solving
mathematics problems (Stacey, 2013). Hence, Zulkardi (2010) suggest developing PISA-
like mathematics task ask well as use them in instructional practices. And to produce PISA
tasks which valid, practical, and has a potential effect, research on developing PISA-like
tasks also were conducted by several researches with a focus on examining the context
(Lutfianto, 2012).

Thus, this research aims to produce a set of PISA-like mathematics tasks with Indonesia
natural and cultural heritage as context which are valid, practical, and has potential effect
to development the reasoning skill students.

THEORETICAL FRAMEWORK

Reasoning Skills

The process or a thought activities to make a conclusion or thought processes in order to
make a new statement is true based on some statements whose truth has been proved or
assumed before, it call reasoning (Shadiq in Wardhani, 2004). Mathematical reasoning
that include the ability to think logically and the highest systematics mathematical
cognitive. Sumarmo (2000) provides that reasoning skills has several indicators, the first,
students should making analogy and generalization for the mathematics problems.
Second, students should giving the reason and using the mathematics models to solve the
problems. Third, when students find the complicated problems, they should using the
pattern or connection to analyze the mathematics situation. Fourth, they should test and
develop the conjecture. Fifth, after tested conjecture, they should check the validity of the
argument. After that, students should prepare the direct and indirect evidence to make
sure if that's true. Even better, if they make the denialists example. And, to make it better
if the students always follow the rules to solve the mathematics problems.

Mathematical reasoning more than teaching mathematical reasoning using formal
mathematical procedural route but rather encourage students to discover the connection
of learning mathematics. National Council of Teachers of Mathematics (NCTM, 2000)
explained that using the various types of reasoning and the method of proof and selected
it is one of the standard processes of learning mathematics. Furthermore, the standard
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process of learning mathematics is identified, make and investigate mathematical
conjecture, developed and evaluated mathematical arguments and proof.

METHOD

This research is design research using type of development study. This research concerns
aboutiterative development using the formative evaluation in various consumers (Plomp
& Nieveen, 2007). The formative evaluation contained in this research consisted of
preliminary stage and prototyping phase which includes self-evaluation, expert reviews
and one-to-one, small group, and a field test (Zulkardi, 2002; Tessmer, 1993).

The development process started form preliminary steps by grasping with the concept
related to developing mathematical literacy task then used it to design an initial
prototype. This prototype was then self-evaluated before entering the next steps. In
expertreview, ten experts were involved to validate the task in term of content, construct,
and language. For one-to-one phase, 4 students evaluated particularly on how they
understand the information, for example, picture, phrase, etc. in the task and not focus on
how they answer the task. This result gave important suggestion to revise the task so that
those could be re-evaluated in small group. The small group phase involved 10 students
with various academic abilities to solve the task in 75 minutes. Here, we firstly obtained
students’ performance in solving the task because the scored analyzed a variety of
students answer. We used the data as a view to assess students’ real performance in field
test. The field test was conducted on 20 students grade IX form SMP Negeri 1 Palembang.

RESULT AND DISCUSSION

Developing task

In the preliminary stage, we conducted several steps; (1) examined the literature on
developing mathematical task, framework of the PISA 2015, the relationship between the
current curriculum and the PISA survey, (2) designed an initial prototype comprising a
set of PISA-like task and its scoring, (3) determined the validators, (4) determined the
research subject. At the stage of self-evaluation, we examined the initial prototype
resulting prototype 1.

The prototype 1 evaluated by validators or expert review and students (one-to-one
phase). In the expert review, prototype 1 was assessed and evaluated by experts
consisting of 10 experts, namely 2 experts from Mathematics Expert Group of PISA is Prof.
Kaye Stacey and Dr. Ross Turner, the PMRI lecturers are Prof. Dr. Ahmad Fauzan, Prof Dr.
[pung Yuwono, Dr. Yenita Roza, mathematics teachers are Nurjannah, M.Pd and Nadya
Husenti, M.Pd, and Dr. Ariyadi Wijaya, Kamaliyah, M.Pd, Ni Luh Sakinah M.Pd, Ahmad
Wahidul Kohar, M.Pd as PISA researchers. The expert reviewed the prototype 1 in terms
of content, construct and language. The researcher conducted a test to 4 students SMP
Negeri 1 Palembang grade IX with individually (one-to-one). The following is one of tasks
example on this situation.
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Before revision

2015

problems by using tables, graphs, and equations.

PISA Models with the Context Natural Heritage and Indonesian Culture

UNIT 1: The National Parks ‘Bromo, Tengger, Semeru’

Basic competence: Understanding graded and percentage comparison, and describing

1. Semeru Mountain is the highest mountain in
Java island. There are several mountains
surrounding Semeru Mountain namely Batok
Mountain, Bromo Mountain, and Widodaren
Mountain. If theratio of the height of Bromo
Mountain and Batok Mountain is 23, and the
ratio of the height of Batok Mountain and
Semeru Mountain is 4:5. Then specify the ratio

Discusion:

of the height of Bromo Mountain and Semeru Mountain is..

Iftheratio of the height of Bromo Mountain : Batok Mountain = 2:3

Batok Mountain : Semeru Mountain = 4:5

Then, theratio of the height of Bromo Mountain : Semeru Mountain = 8:15

Figure 1: Task 1 before revision

Table 1: Comments from Expert and Students on task 1

Validation Comments/Responds Revision
Expert “Can you think of a reason anyone e Changing the
review would actually want to know this? If question with the
you can, perhaps that can be worked realistic question
into the question in some way.” e Using different
“I suspect that these are very rough context
approximations, rather than precise
ratios.”
Make the realistic problems
The question is not “open ended”, you
should make the question with the
various answer
Student [ don't know how to solve the

problem, because this question have
different proportion

The picture less clear, and I think not
help me to solve the problem

After obtaining some suggestion from experts and students, the prototype 1 was revised
become prototype 2. The following is the revised task based on the table 1.
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After revision

UNIT 1: Tourism Spot “Mt. Bromo Crater’

NATURAL HERITAGE AND CULTURE OF INDONESIA ASTHE
CONTEXT IN PISA MODEL QUESTIONS

1. Andi, who comes from Surabaya. is plannng to spend holiday to the National Park
‘Bromo Tengger Semeru’ with 9 ofhis fiends by renting cars. The distance from
Surabayato Mt. Bromois 150 KM. The following is the list ofrental cars.

Type of ) Rental cost Fuel Fuel tank
No : Capacity y y

vehicle per-24 hour | consumption| capacity
1 Car A 4 people | Rp200.000 | 10 kam/hiter 35 liter
2 Car B 7 people Rp 300.000 | 14 kan/ liter 45 liter
3 Car C 6 people Rp 250000 | 12 kan/liter 43 liter

2015

The price of fuelis Rp 6.600 per liter. Try to help Andi to decide which car he should
choose, so thathe has comfortable andlow-cost trip. Give your reason!

Figure 2: Task 1 after revision

The results of expert review and one-to-one were used to revise the prototype 1 become
prototype 2. Prototype 2 was then tested on small group consisting 10 students. The
results of the small group show that the task has coefficient of high reliability of 0.70 but
some task were empirically invalid. Therefore, the researcher reviewed each item
developed primarily on the invalid task for discarded, maintained with revisions, or
retained without revision. This decision was based on the result of activities : (1) giving
a questionnaire asking students opinions on the task; (2) examining the distribution of
student’s answers, and (3) interviewing subjects of small group to investigate whether
the student were not able to solve the task in the absence of the aid scheme od as a matter
of readability issues. The result of this evaluation resulted in prototype 3 which was then
used in a field trial test as many as 20 students in order to know the potential effect to the
task as well as to measure the problem solving skills of students when they solve the
mathematics PISA problems with Indonesia natural and cultural heritage as context.

Potential effects of the task

The aims of the field test was to find the potential effects of the task on students reasoning
skills. After the students completed work on the task, we gave questionnaires to all
students, and interviewed 4 students to obtained data about the potential effect. The
students’ response on the questionnaire is shown below.
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Table 2: Students Response

2015

No

Activity

Students Response

vl

Create mathematical models, such as creating
mathematical equations, making the pattern
sequence number (mathematizing)

Make written mathematical argumentation/
calculation correctly (communication)

Create model representation and utilizing
images, table, graphs, and the like to help find
the answer (representation)

Comparing the strategies to solve the problem
Make reasoning by linking the information
with the existing experience (reasoning and
argumentation).

Use manipulate formulas or specific
mathematical procedure to obtained solution
(use of formal/ symbolic language)

18 %

31%

50%

45%
91%

45%

The Table 2 shows that reasoning and argumentation activity were recognized by most
students in solving the problems. The recognition is in line with some of the written

comments in general impression, like as shown below.

Response of Students

Student 1 :1used logical thinking to solve this problem, and I like it
Student 2 : the task requires more reasoning, it different with what I used to
solve, where the only ask me to use an available formula.

Furthermore, the potential effect of the task is also seen from the extent to which students
are interested and serious in solving the task. The data supporting students responses on
the task are given in the following table.

Table 3. Student’s responses

Question

Number Easy Hard So Hard
1 25% 35% 5%
2 30% 30% -
3 35% 30% -
4 50% 30% -
5 40% 10% -
6 25% 35% -
7 25% 35% -
8 5% 60% -
9 30% 30% -
10 10% 50% -
11 0% 55% -
12 10% 45% -
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As a proof how students activate their reasoning skill into mathematical process, the
following are example of students work on task 7. The aim of the task is to know the
students ability in observing empirically the pattern of the color of batik.

.'.Jatw;h;n; ...... o okt WMalle e 0D
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Answer :

Pink:1,5,9,...97 the color of batik in the 100t line is Dark Blue
Blue: 2, 6,10, 14, ...98

Red:3,7,11,...99

Dark Blue: 4, 8,12, ... 100

Figure 3: Student Answer for task 7

From figure 3 show that students have different ways to answer the task 7. Figure 3
showed that students using the manuals ways to know the color of the batik. He give the
number for each color, and after this write the number 1 until 100 until he find the batik
color in the 100t line.

I
+ Jawaban :
' warne PAMS ke G yaial, Biou fua .

Barend, ada 4 warten,§ piae, bicu Mudey feceta oy tudly ?

Baccs e loo @ oy POCONG . \
q -
ot | woroa teatic adotan Bitu. kil p

Answer :

the color of batik in the 100t line is Dark Blue
because, there are 4 color (pink, blue, red, dark blue)-> pair
the 100t line = 25 >
4
So, the last color is Dark Blue

Figure 4: Student Answer for task 7

Figure 4 show that he used logical thinking. He knows the pattern of the color, after this
he dividing the pattern with 100. And he found that the batik color in the line 100t is
blue.

CONCLUSION

This study produced set of PISA-like mathematics task with Indonesia natural and
cultural heritage which valid and practical. Based on the result, prototype 3 has potential
effect to develop reasoning skills students, it shown by the students’ answers. Others
indication of this effect are also seen from their seriousness and interesting when solving
the task. Lastly, suggest teachers and other practitioners to use the task from study as
tools in designing PISA problem based learning.
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