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Abstract: This research investigates the improvement of students' mathematical representation skills taught
through problem-based learning model (PBL) with Autograph software. This research is quasi experiment. The
population of this study is all students of grade XI Vocational Senior High School (VSHS) 4 Tanjungbalai. Class
XI-1 was selected as experiment class 1, while class XI-2 as Experimentclass 2. The instrument used was the test
of mathematical representation ability. The data of the research were analyzed using two-way analysis of
variance (Anava). Result of the research: (1) There isthe differences in the ability of mathematical
representation between students taught through Autograph-assisted problem-based learning and students taught
through problem-based learning without the aid of Autograph; (2) there is the difference in mathematical
representation skills of students taught through problem-based learning aided Autograph with students taught
through problem-based learning without the help of Autograph in terms of early high, medium and low
mathematical prior knowledge (KAM).
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. Introduction

Based on the objectives of mathematics subjects as outlined in the Curriculum 2013 and Indonesian BNSP
it is clear that the learning of mathematics aims to develop students' ability in understanding math concepts
especially those concerning daily life. This is consistent with the five standard processes defined by the National
Council of Teachers of Mathematics (NCTM, 2000),namely "Problem Solving, Communication Capabilities,
Connection, Reasoning, and Representation ability ". This suggests that students 'mathematical representation
ability is a fundamental process for developing students' mathematical thinking skills and aligning with other
abilities.

Prior research was conducted atgrade XISMK Class 4 inthe rural of TanjungBalai, giving mathematical
representation test that consist of two problems to the students to investigate students' ability in making
mathematical model of a problem. The resultshowed that 77.78% of the students could not solve this problem.
Students who know the basic concepts are not able to express mathematical ideas in language or mathematical
symbols.

Here is one of the problem:
"The average score of a group exam of 40 students is 51. If a student with a value of 90 is excluded from the
calculation, then determine the average test score of the 39 students"

Sinaga (2007) said that one of the constructivist learning models that enable students to collaborate in
solving problems is a problem-based learning model. To use PBL, a mathematical ability factor (KAM) of
students is required for grouping of students so that each group consists of students with high, medium, and low
KAM. In addition, Minarni (2017) find that PBL could grow mathematical representation trough mathematical
understanding.

Theoretical Background
2.1 Mathematical Representation

NCTM (1989: 27) states that representation is one of the key skills of mathematical communication. Thus,
if the teaching and learning process of mathematics emphasizes the skills and ability of representation, then the
students' mathematical communication ability will increase.Research also find thatmathematical representation
also support mathematical problem solving (Minarni, 2017).

According to Cai, Lane, and Jacbesin (1996, p.243), representation is the way in which a person
communicates a solution of mathematical problem or an idea. Meanwhile, according to Goldin (Mudzakir,
2006: 19), representation is a configuration (form or arrangement) that can describe, represent, or symbolize
something in a way.
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Furthermore, according to Minarni (2017), the ability of mathematical representation is the ability to
present problems into various forms of representation such as sketches, graphs, tables, diagrams, symbols, or
mathematical equations. Thus, the problem posed in the PBL should be a problem that can reveal the student's
ability to present the problem into various forms of representation in order to improve students' mathematical
representation ability. The ability of mathematical representation is needed so that students can create
mathematical models (Meira, L., 2002).

1.2 Problem-based Learning

Problem-based learning (PBL) is an innovative and potential approach of teaching learning that can endorse
and enable students constructing and reinventing their new knowledge (Minarni, 2016). In PBL, the problem is
the central of learning activity (Arends, 2004). The students are encouraged and facilitated to be actively
engaging in solving problems. Using previous knowledge and experience, they try to sharpen their mathematical
skills by solving real and contextual problems.

In implementing PBL, the students are grouped into small group. Teacher encourage students in every
group to try to understand the problem, to represent problem in clearer representation so that they can easier to
get the solution. The teacher gives scaffolding to the group that could not understand or represent the problem in
any other form of representation. So, this activity can increase students’ self-confidence to engage in discussion
and communicate with other people. The central point in PBL is problem, problem should be design in
accordance with the characteristic of high order thinking. In this research, problems is design in line with
mathematical representation skills.

Il.  Research Method

This research is a quasi experimental research (quasi experiment). This research was conducted at grade XI
Vocational Senior High School (VSHS) 4 the rural of Tanjungbalai. The implementation lasted for 6 times. The
population in this research is all students of class XI VSHS 4 Tanjungbalai. The sampling technique was done
by simple random sampling. Class XI VSHS 4 Tanjungbalai consists of 6 classes. The selected samples were
XI-1 students of 32 students as experimental class 1 and XI-2 students of 32 students as experimental class 2.
The instrument used in this research is the test of mathematical representation ability. The test problem consists
of 3 items. This instrument has met the criteria of valid and effective.

The learning process is run by referring to the PBL syntax of Arends (2004). Mathematical representation
is designed based on representational aspects of NCTM (2000). An example of mathematical representaion
ability is presented below.

Problem: read and understand a graph
“Look at the garph. The graph shows the time needed by eight students to solve mathematical problem. Based
on the graph, find mode and median of the time students’ need to solve the problem.”
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This problem is designed to reveal the students’ ability in reading graph and interpreting it to solve the problem
at hand.
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I1l.  Research Results
Prior Mathematical Ability (KAM) is used for grouping of students and for knowing the homogeneity of
early knowledge of students. To get an overview of KAM students can be seen in Table 1.

Tablel
Description of Students’ KAM
Kelas N Std Rata-rata Min Max
Eksperimen 1 % 2,536 4,78 0 10
Eksperimen 2 32 2,455 4,81 1 9

Table 1 above illustrates that the average CAM score for each study sample class is relatively the same
(homogeneous).

Table2
Description of Mathematical representation based on KAM
Kategori StatisikDeskriptif Eksperimen 1 Eksperimen 2
(KemampuanAwal)
N 8 8
Mean 11,75 10.88
Tinggi Sd 0,463 0,835
Min 11 10
Max 12 12
N 16 16
Mean 9,31 8,38
Sedang Sd 0,873 1,088
Min 8 7
Max 11 10
N 8 8
Mean 7,00 5,63
Rendah Sd 1,069 0,916
Min 5 4
Max 8 7

In Table 2, it is seen that the mean value of mathematical representation ability of students who were
taught through Autograph-Based Learning Problems in each category of KAM was higher than that of students
taught malalui Problem Based Learning without the help of Autograph.

The average grade of students in high KAM in experiment class 1 was 11.75 while in experiment class 2
was 10.8. Of the three most distant cotegories the difference is in low KAM, ie 1.4. The same is also evident
from the results of minimum and maximum values in high ability students. This means that learning and KAM
factors together influence the achievement of students' mathematical representation abilities.

4.1 Hypothesis
The research hypothesis proposed are:

Ho: There is the difference in the ability of mathematical representation between students taught through
Autograph-assisted problem-based learning and students taught through problem-based learning without
the help of Autograph.

Ha: There is no difference in the ability of mathematical representation between students taught through
Autograph-assisted problem-based learning and students taught through problem-based learning without
the help of Autograph.

The statistical hypothesis is:

Ho: Lipgg = Hprs

Ha: Hpae > Hpre
The criteria of rejection hypothesis: Reject Hq ifSig.< 0,05, or accept H, ifSig. = 0,05 (Walpole, 1995 : 298).

Prior to the two-way Anova test, test the data normality and homogeneity of the variance of students'
mathematical representation abilities. Tabel 3 presented the normality test of the data. The normality test is
intended to see if the posttest score of mathematical representation (MR) ability of the students in the two
classes is normally distributed or not. The normality test was performed using Kolmogorov-Smirnov to test the
following hypothesis:
Hy: The sample of mathematical representation score comes from a population that is normally distributed.
Ha: The sample of mathematical representation scorecomes from a population that is not normally
distributed.
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Table3 Output of normality MR Score

Postest Kolmogorov-Smirnov* Shapiro-Wilk
Class Statistic | Df | Sig. | Statistic Df Sig.
MR abillity Experiment 1 107 32| .200° .944 32 .094
Experiment 2 131 32 .175 .966 32 .388

a. Lilliefors Significance Correction

From Table 3, it can be seen that sig.value is more than 0.0 for both experiment,

so the ability of

mathematical representation in both experiment is normally distributed.Furthermore, a homogeneity variance of

students’ mathematical representation is testedby Levene test (See Table 4).
Table 4

Levene's Test of Equality of Error Variances®

Dependent Variable:MR ability

F df1 df2 Sig.
1.343 5 58 259

Tests the null hypothesis that the error variance of the dependent
variable is equal across groups.

a. Design: Intercept + Class + KAM

Table 5 below is the result of first hypothesis test, that is test of the difference of MR

ability based on

learning approach. In other words, test the difference of mathematical representation in the two experimental
classes.From Table 5 it can be seen that the significance value is smaller than the significance level of 0.05, so

the null hypothesis states that there is no difference in the students' mathematical represent

ation capabilities

taught through the problem-based learning model autograph and which is taught through the problem-based

learning model without assistance autograph rejected.

Furthermore, to see if there are differences in the ability of mathematical representation of students who
acquired problem-based learning using Autograph and without Autograph based on early mathematical ability,

two-way ANAVA test and advanced Tukey test were performed.

Table 5. Output of The Difference of MR Score Test

Independent Samples Test
Leyene's Test for Equality of
Varianas t-test for Equalty of Means
35% Confidence Interval of the
Mean Std. Emor Difference
F 5ig. t df 5ig. (Mailed) | Oiffersnce Difference Lower Upper

Kemameusn Representae © Equal variances assumed G4 A%( 2054 62 4 103125 S0 (2755 200455
Equal variances not 08| 615 i 103125 B Qa7 203513

Fssumed

Subject to Table 6, it is seen that the value of F = 19.072 and significance (Sig.) 0,

significance (Sig.) <0.05, then Hy is rejected.

Table60utput of Test of Between Subject-Effect
Dependent Variable: MR Score

000. Due to the

Type Il Sum of
Source Squares Df Mean Square F Sig.
Corrected Model 217.672° 5 43.534 51.074 .000
Intercept 4483.806 1 4483.806| 5260.395 .000
Class 16.256 1 16.256 19.072 .000
KAM 200.016 2 100.008 117.329 .000
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Klass * KAM 641 2 .320 .376 .688
Error 49.438 58 .852

Total 5255.000 64

Corrected Total 267.109 63

a. R Squared = .815 (Adjusted R Squared = .799)
Based on Table 6, significance level (Sig.) = 0,000 <0,05, so it can be deduced that H, is rejected (H;

accepted), meaning that there is a difference in the ability of mathematical representation between students in
experimentl with students in experiment 2.

Table 7 is the Post Hoc Tukey output, used to assess which learning approach and category of students’

KAM yields MR significant differences.

]Table 7. Tukey Post Hoc for Mathematical representation ability

Multiple Comparisons

Kemampuan. Bepresentass
TukeyHSD
Mean 95% Confidence Interval
() Kegmampyan. Awal () Kemampyan, Awal | Difference (1) | Std. Error Sig. Lower Bound | Upper Bound
Rendah Sedang -2.5312° 28268 000 -3.2112 -1.8513
Tinggi -5.0000° 32641 000 -5.7851 -4.2149
Sedang Rendah 25312 28268 000 1.8513 32112
Tinggi -2.4688" 28268 000 -3.1487 -1.7888
Tingai Rendah, 5.0000° 32641 000 4.2149 57851
Sedang 24688 28268 000 1.7888 3.1487
Based on observed means.
The error termis Mean WEHM}: 852,
* The mean difference is significant atthe .05 level.

In column (1-J) of Table 7, there is a sign (*), this means that there is a significant difference in the ability

of mathematical representation between high, medium and low KAM. It means, learning approach and
mathematical prior ability of the students give common significance towards students’ mathematical
representation (MR) ability.

V. Conclusion

Based on the results of the analysis and discussion obtained several conclusions as follows:

1)

2)

[1].
[2].

[3].
[4].
[5].
[6].

[7].
8l.

[9].
[10].

Overall, there is a difference of mathematical representation ability of the students taught through
Autograph-assisted problem-based learning and students taught through problem-based learning without
aids of Autograph.

Based on KAM (high, medium, low), there is a difference of mathematical representation ability of the
students taught through Autograph-assisted problem-based learning and students taught through problem-
based learning without aids of Autograph.
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