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The Effectiveness of Problem-Based Learning to
Improve Students’ Conjecturing Ability in Solving
Block-Paving Problems

Sutarto, Dafik, Intan Dwi Hastuti, Surahmat

Abstract—This study was aimed at finding out the effectiveness of Problem-Based Learning (PBL) model to improve students’ ability in
solving paving block problems. This study applied the combination between the quantitative and qualitative method (mixed methods) in the
data collection and analysis. The quantitative method was used to analyze students’ conjecturing ability, while the qualitative method was
functioned to explore the data of the observation and interview. The subject of the guasi-experiment was junior secondary high school
students. Thus, the data were analyzed using the inferential statistical analysis. The result of t-test showed the sig (2-tailed) test of the pre-
test was 0.832 (p> 0.05). It indicated that it was not significant. It means there are two homogeneous classes in terms of students'
conjecturing ability. In addition, the analysis of the independent sample t-test in the post-test, the sig. (2-tailed) was 0.00 (p = <0.05). It was
significant. It indicated that the students’ achievement of two classes were different after giving treatments using the PBL model. The result
of analysis showed that students’ conjecturing ability from the experimental class was better than the control class. In other words, the
application of the PBL model was effective in enhancing students' conjecturing abilities in solving paving block problems.

Index Terms—Problem-Based Learning, Conjecturing Ability, Block Paving Problems.

1 INTRODUCTION

Problem—solving is the most important part of mathematics
instruction. NCTM states that problem solving plays an

important role in the curriculum because 1) it can build
new mathematical knowledge, 2) it can solve problems that
arise in the field of mathematics and other contexts, 3) it can
apply various kinds of problem solving strategies, 4) it reflects
the process of solving mathematical problems (NCTM, 2000).
Furthermore, mathematical problem solving is learning
processes that can help students learn concepts.

Learning mathematics that involves solving-problems is
not easy. There are many obstacles faced by teachers when
implementing problem-solving in learning mathematics. One
of the obstacles faced by the teacher is that many students still
have difficulties when solving-problems and when
constructing concepts. Brodie (2010) explains that there are
still many students who experience mistakes in building
mathematical reasoning. Subanji and Nusantara (2013) found
that students' thinking errors in constructing mathematical
concepts include errors of pseudo correct and pseudo errors
thinking, errors of analogy thinking, mistakes of placing
concepts, and errors of logical thinking.

In solving-problems, students are also involved in
discovery activities, and the conjecture is the main way for
discovery (NCTM, 2000). In solving-problems, the process of
the conjecturing activity helps the problem solver find a
solution to tackle the problem at hand (Sutarto, 2015, 2016).
Canadas, et al. (2007) explains that problem solving and
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conjecturing are the most important and interconnected parts
of mathematical activities.

The process of conjecturing is a process of building a
conjecture (Sutarto, et al., 2016). In addition, Fischbein (2002)
explains that conjecture is an expression of mental activity to
solve problems in line with prior knowledge, the truth of
which needs to be proven. The mental activities include a
process happening in mind to produce conjecturing. The
process of conjecturing is done through some stages; (1)
observing cases, (2) organizing cases, (3) searching and
predicting patterns, (4) formulating conjectures, (5) validating
conjectures, (6) generalizing conjectures, and (7) justifying
generalization.

Furthermore, based on a study conducted by Sutarto (2018),
it was revealed that there are still many students who have
difficulties in constructing conjectures. The difficulty of
students in constructing conjectures is inseparable from the
teacher's role during the mathematics learning process. The
teacher has a major role in the learning process (Turnuklu &
Yesilder, 2007). Sutarto and Syarifuddin (2003) also
emphasized that the teacher is seen as a facilitator and
motivator to facilitate students so as to organize the learning
process effectively.

One of approaches recommended for creating the effective
mathematics learning and helping students build conjecturing
abilities is Problem Based Learning (PBL). PBL is a
constructivist learning that focuses on aspects of problem
solving (Hein, 1991; Savery, 2006; Strobel & Van Barneveld,
2009). PBL allows students to solve problems with active
participation (Doppelt, 2003). In PBL practice, students work
collaboratively with others and evaluate what they have
learned. Furthermore, students become active in the process of
searching and decision making by improving their practical

Surahmat, Islamic Uni ] Mal UNISMA), Ind 1 C 1. . .
* C:kr;ry;:matéui%;ComnwerSlty of Malang ( ), Indonesia thinking skills (Harris, 2002; McGrath, 2002; Solomon, 2003).
In addition, PBL model involves students to develop their
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scientific process skills. Therefore, students who develop
scientific process skills are able to produce solutions to
problems encountered, by asking questions, discussing ideas,
making  observations and  predictions, conducting
experiments, collecting and analyzing data, and drawing
conclusions (Westwood, 2006).

Studies applying PBL model presented that it can improve
students’ learning achievement and thinking abilities (Savery,
2006; Cheung, 2011; Pardamean, 2012; & Chan, 2013). Chan
(2013) reported that PBL can improve creative and critical
thinking skills. Cheung (2011) states the model has a
significant influence on student creativity. In addition,
Pardamean (2012) find out that PBL can improve students'
critical thinking skills. Also, Savery (2006) suggests for further
research that investigations of the IBL model should be
conducted in various fields of science.

Many studies investigate the effectiveness of PBL on
mathematics learning achievement but those are limited and
have not yet investigated the effectiveness of PBL in
improving students’” conjecturing ability to solve paving block
problems. Furthermore, this research is expected to give a
valuable contribution to the mathematics education literature
in terms of applying PBL to enhance the conjecturing skills.
Therefore, this study was aimed at investigating the
effectiveness of Problem Based Learning compared to
conventional models in improving students' conjecturing
abilities in solving paving block problems.

2 METHOD

This study applied a combination of quantitative and
qualitative methods (mixed method) in data collection and
analysis. The quantitative method is used to analyze the data
taken from the test of students' conjecturing abilities after the
application of PBL, while the qualitative method is aimed at
analyzing the data taken from observations and interviews
with selected students. This study investigated two variables,
namely the application of PBL as an independent variable and
the test of students' conjecturing abilities in solving the
problem of Paving Block as the dependent variable. To find
out the effectiveness of PBL implementation deeply, all
students at the experimental group were observed. Hence,
some students were interviewed relation to students’
understanding processes in discovering new patterns.

The experimental design of this study was to prepare two
class groups, namely the experimental class and the control
class, which were selected by purposive random sampling and
examined by pre-test and post-test using the following design.

Table 1 showed that A is the experimental group treated by
using PBL model, while B represented the control group
subjected to the conventional learning. O1 and O3 are the two
groups that have the same conjecturing ability and are given
pre-test. O2 was the result of the experimental group, while
O4 was the result of the control group. In this study, the effect
of treatments was analyzed using t-test. Figure 1 indicated the
triangulation mode in which the qualitative data were
triangulated with quantitative data to find out the effect of
PBL in improving students' conjecturing abilities in solving
paving block problems.
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TABLE 1
THE TABLE DISPLAYS PRE-TEST RESULTS AND MEAN VALUES
BETWEEN THE CONTROL CLASS AND THE EXPERIMENTAL CLASS
EQUIVALENT PRE-TEST AND POST-TEST CONTROL GROUP DESIGN.

Grup Pre test Treatment Post test
A 01 X 02
(n=30)

B 03 - 04
(n=32)

Mode of Trianggulation

PBL Implementation

Quantitative Data

Experiment Cotrol Class Stdents perception of Conjecturing
Class N=30 N=32 PBL implementation. Process

Taterview of
| Questioncs ‘ Selected Subjects

‘ Independent t-test H Data Analysis ‘F'

Research Results

Fig. 1. The model of triangulation method

2.1 Population

The population of this research was the 8th-grade students of
SMP 17 Mataram. This study applied cluster sampling by
selecting two classes, producing one experimental class with
31 students taught using PBL. The control class was taught
using a conventional learning model with 31 students.

2.2 Instruments

Data were collected using research instruments in the form of
a Block Paving Problem (BPP) test in Figure 2. The
instruments included questionnaire and interview. BPP was
used to collect data of the students’ conjecturing abilities. The
questionnaire was used to collect data relating to students’
perceptions towards PBL implementation, with indicators: 1)
Students' interest in the PBL model, 2) Benefits obtained by
students using the PBL model, 3) students’” constraints during
the learning process using the PBL model, and 4) students’
expectations and suggestions for the PBL model.
Questionnaire answers were using the Likert scale, consisting
of strongly agree, agree, disagree, and strongly disagree. The
technique of scoring questionnaire is to see the tendency of
students’ responses, whether positive or not. The interview
technique used an unstructured interview to understand and
explore the process of conjecturing conducted by students in
solving paving-Block problems. The instruments used in this
study were validated by experts of mathematics education.
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"

34 pattern

= "

1+ pattern 2= pattern

By paying attention to the black and white paving block arrangement
patterns above, determine the nmumber of black and white tiles in the
pattern of m.

Fig. 2. Block Paving Problem

2.3 Data Collection and Analysis

Students in the experimental and control groups were
given the pretest and posttest. The analysis of quantitative
data used SPSS device, while qualitative data were collected
using questionnaires and interviews. Descriptive and
inferential statistics were used to analyze quantitative and
qualitative data. Descriptive statistics were used to show the
frequency, mean, and standard deviation, while the inferential
statistics were independent sample t-test to examine the
effectiveness of PBL and the experimental and control class
(Hilton et al, 2004). The significance level to compare the
average scores of the two groups was in the significance level
of 5% or 0.05.

Findings

Based on the results of the study, the research findings
related to the effectiveness of PBL used independent sample t-
test analysis obtained from pre-test and post-test scores on the
average of the experimental class and the control class. The
test of data normality was examined before further analysis.
The number of respondents was 62 students. This showed that
the pre-test scores of the two classes were equivalent or not
significantly different. It can be seen in Table 2 and Table 3.

4 FINDINGS

Based on the results of the study, the research findings
related to the effectiveness of PBL used independent sample t-
test analysis obtained from pre-test and post-test scores on the
average of the experimental class and the control class. The
test of data normality was examined before further analysis.
The number of respondents was 62 students. This showed that
the pre-test scores of the two classes were equivalent or not
significantly different. It can be seen in Table 2 and Table 3.
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The mean scores of the control class were 54.17 (SD =
7.826), while the experimental class was characterized by an
average score of 55.12 (SD = 8.190). The difference of the pre-
test scores between the two groups was [t (62) = 0.781, p>
0.05]. It meant that it was not significant at alpha .05 level. This
showed that the two groups were equal from the beginning
study.

Table 4 presented the results of post-test at the control class.
The average score was 74,000 (SD = 7.42085), while the

TABLE 3
THE DATA BELOW PRESENTS THE COMPARISON OF THE PRE-TEST

SCORE OF THE EXPERIMENT CLASS AND CONTROL CLASS SCORE
USING INDEPENDENT SAMPLE T-TEST

Levene's Test
for Equality
of Vanances
F &g T Df

t-test for Equality of Means

Sig 2-  Mean Std 5%
tailed) Difference  Emor Confidence
Difference  Intervalofthe

Difference

Lower Upper
Pre Equal 078 781 -470 60 640 -958 2037 5033 3117
test vanances
assumed
Equal -471 59976 639 -938 2034 5027 3111
vanances
not assumed
TABLE 4

THE TABLE DISPLAYS POST-TEST RESULTS AND MEAN SCORES
BETWEEN THE CONTROL CLASS AND THE EXPERIMENTAL CLASS.

Std. Eror Mean
1.35486

Std. Deviation
742085

Mean
30 74.0000

Group N

Control class

32 81.4219 6.97589 1.23317

Experimental class

average score at the experimental class was 81.4219 (SD =
6.97589). In addition, Table 5 indicated that there were
significant differences between the two classes. The t-test was
higher than sig. level 0.05 [t (62) = -4,059, p <0.05].

Furthermore, Table 5 indicated that the results of the t-test
at the sig (2-tailed) of the independent sample post-test was
TABLE 5
THE DATA BELOW PRESENTS THE COMPARISON OF POST-TEST

SCORE OF EXPERIMENT CLASS AND CONTROL CLASS SCORE
USING INDEPENDENT SAMPLE T-TEST

Levene's Test t-test for Equality of Means

for Equality
of Vanances
TABLE 2 F Sig. T Df Sig (- Mean Std. 95% Confidence
tailed) Difference Emor Interval of the
THE TABLE DISPLAYS PRE-TEST RESULTS AND MEAN VALUES Difference Difference
BETWEEN THE CONTROL CLASS AND THE EXPERIMENTAL CLASS. T Lower  Upper
‘ost
test varances 053 815 -4.059 60 000 -74218%8 182833 -11.07908 -3.76467
assumed
Equal
Group N Meam Std Deviaton  Std. Error Mean variances i 4051 59044 000 -742188 183204 -1108771 -3.75604
not assurme:
Control class 30 4 1826 1420
Experimental class ) 5512 8190 1448 0.00 (p = <0.05). It meant it was significant. This indicated that
there were differences in the two classes in terms of students'
conjecturing abilities in solving paving block problems after
PBL implementation. Based on these results, it can be
concluded that there was a significant impact on the
application of Problem Based Learning in improving students'
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conjecturing abilities in solving paving block problems.

Based on the results of students” answers in solving paving-
block problems, the data were obtained in accordance with
students' thinking processes in building conjectures on
paving-block problems. From the experiment class, the
average score of students’ answers with the global process of
conjecturing and local conjecturing was based on contrast. The
following describes the thought processes of the student S1
and S2 in constructing conjectures.

4.1 Student S1

In solving the problem of paving blocks, the S1 has realized
that the 1st image, 2nd image, and 3rd image formulate a
pattern. At the stage of observing cases, the students Sl
observed and counted the number of paving blocks as a
whole, without distinguishing black and white. In Picture 1,
there are 7, picture 2 there are 11, and picture 3 there are 15.
Following are the results of the work of the subject S1 in
observing the cases in Figure 3 as follows.

el 2 /)
w Ba U
PO(Q ke-] Polate-2 Poabe-3
1 L( ¢

Fig. 3. Work Result of S1

Based on the number of squares in the 1st pattern, there is
1, in the 2nd pattern, there is 4, and in the 3rd pattern, there is
9. The S1 organizes cases by sorting the pattern of the
sequence of numbers, namely 1 x1=1,2x2=4,3 x3 =9 and
then the subject looks for and predicts the 4th pattern which is
4 x 4 = 16. The following are excerpts of interviews and the
results of S1 work in Figure 4.

Researcher: How did you find out the next pattern?

Student S1: “the number of the 1st paving, there is 1 written
1x1=1, of the 2nd paving there is 4 written in 2x2=4
and of the 3rd paving there is 9 written 3x3=9, the
next paving would be 4x4=16

-pola ke =1X|=1

- polo ke- 2= 024
- polake-2: 339
R L M

-

Fig. 4. Work Result of S1

In the stage of formulating the conjecturing, S1 sees a pattern
formed from1x1=1,2x2=4,3%x3=9,4 x4 =16. Based on
this pattern, S1 formulates a conjecture to determine the
number of black and white paving blocks that are n x n. Thus,
S1 validates the conjecture by trying to apply the formula in
the 1st, 2nd, 3rd, and 4th figure. After validating, S1 believes
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that the resulted formula is correct. The following are excerpts
of interviews and the results of S1 work in Figure 5.

Researcher: How did you find the general formula?

Student S1: I just said to you, “The number of pavings of 1,
1x1=1, second 2x2=4 and the third, 3x3=9 and the fourth
4x4=16, in mean the n is nxn.

Researcher: Do you believe in that formula?

Student S1: Yes, Sir.

Researcher: How do you assure it?

Student S1: the formula is nxn, I tried at Figure 1, 1x1=1 is
correct, Figure 2 2x2=4 is correct, Figure 3 3x3=9 is correct,
and Figure 4 is 4x4=16 it is correct as well.

. - w2
pole ke = XN =N

Fig. 5. Work Result of S1

4.2 Student S2

In solving the problem of paving blocks, the student S2
realized that the 1st picture, 2nd picture, and 3rd image
formed a pattern. At the stage of observing the case, the
student S2 observed and counted the number of paving
separately between black and white. In the 1st figure, black 1;
2nd figure, black 2 and white 2; and in the 3rd image, black 3
white 6. Figure 7 presented work results of student Sl in
observing a case

/L I
7] 11 Y
i . :

! z 3 4 5
h. 1 2 % 4 s b
Duis 2 L L. #0

' 4 g I a5
Fig. 6. Work Result of S2

Based on the number of squares in Black (H) and White (P)
in the 1st pattern, 2nd pattern, and 3rd pattern, student S1
organizes cases by sorting a number sequence pattern, namely
the 1st pattern is H: 1 P: 0, the 2nd is H: 2 P: 2, the 3rd is H: 3
P6. Hence, the student searches for and predicts the 4th
pattern by drawing the 4th pattern obtained by H (black
Square): 4 P (White Square): 12 (see Figure 6). Then, the 5th
pattern is H: 5 P: 4 x 5 = 20. The following are excerpts of the
interview.

Researcher: How did you solve that problem?
Student S2: The 1st image is H:1P:0, the 2nd image is
H:2P2,the 3rd image is H:3P:6,afterwards, I try to
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make the 4th image obtained the H:4 P:12,the 5th
image is H5: P:20.

Researcher: where the H: 5 and P: 20 come from?

Student S2: Look, according to me Sir. The black follows the
next picture, for instance, the first image is 1, the
second is 2, the third is 3 etc. Meanwhile, the second
white is obtained from 1x2=2, the third white comes
from 2x3=6, the fourth white is from 3x4=12 (while
pointing his work result), so the fifth black is 5
coming from 4x5=20.

At the stage of formulating conjecturing, the student S2 sees
a pattern formed by black paving 1, 2, 3, 4, 5 so that for the
next n = n, whereas for the white one the student S2 sees that
the number of black and white forms a pattern 1, 4, 9, 16, 25 so
the n pattern = n2. From this conjecture, the student S2
formulates the general form for Black = n and white = n2-n so
that for black and white = n + n2-n or n2. Then, the student S1
validates the conjecture by trying to apply the formula in the
1st, 2nd, 3rd, and 4th figure. After validating, the student S1
believes that the resulting formula is correct. The following are
excerpts of interviews and the results of S1 work. It can be
seen in Figure 7.
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responses can be known from the percentage of students’
answers from each item questionnaire with Likert scale. The
percentage of students’ responses can be seen in Table 6.

Based on the results of the questioner analysis presented in
Table 6, the percentage of students’ interest of PBL is 90.8%,
the students” benefit after the implementation of PBL is 89.9,
the students’ obstacles during the implementation of the PBL
is 81.4%, and the students” expectation and suggestion to PBL
are 91.7%. These indicate that students' responses are positive
towards PBL.

TABLE 6
STUDENTS’ RESPONSE TOWARDS THE PBL MODEL

Percentage
No Indicators Silmn ghv Agree  disagree S.trun ghv
Agree disagree

1 Students’ interest towards 333 335 6.7 2.5
PBL

2 Students’ benefit of the 39.7 302 6.9 32
implementation of FEL

3 Students’ obstacle dunng the 72 114 306 41.8
implementation of FEL

4 Students’ expectation and 483 434 6.6 1.7

suggestion to PEL

|
1= j"— »;9’1, I/[;L ’;‘g é,Lera'
k=1, 2 3 4, 5 ¢ n
p= At=h
,;2| 2:-2 3%=3 L=k
O 5 b |
Pola ke n = Hepm = N
R»(:nh < Nt-n
H\Jmmrpuﬁb:ﬂ + D0
:ﬂ’z/
/
Fig. 7. Work Result of S2

Researcher: How did you find the general formula?

Student S2: Look, sir, for the black one to follow the pattern, 1,
2,3, 4, so the n = n, while the white one if added by black
paving, the patterns 1, 4, 9, 16 become n2

Researcher: What is meant by this (while refers to the results
of S2 work)

Student S2: white paving can be reduced from the number of
all less the black, so n2-n. The end result is n + n2 -n or
n2

Researcher: Are you sure about the formula?

Student S2: Yes sir

Researcher: How can you be sure?

Student S2: the formula is tried for the 1st imageis 1 x 1 =1
correct, the 2nd image is 2 x 2 = 4 correct, the 3rd image
is 3 x 3 = 9 correct, 4th image is 4 x 4 = 16, and the 5th
image is 5 x 5 = 25 that must also be correct.

In addition to the thought process in building conjectures,
one of the objectives to be achieved in this study is to
determine students' responses towards the PBL. Students’

5 DISCUSSION

This study aims to investigate the effectiveness of Problem
Based Learning (PBL) in improving students' conjecturing
abilities in solving paving block problems compared to
conventional learning. The results showed that the
implementation of PBL was more effective than conventional
learning. These results are in line with what Sutarto et al.
(2018) state that the process of conjecturing is very important
to resolve pictorial patterns.

The process of conjecturing carried out by students in solving
the problem of Paving Block is the global process of
conjecturing and the process of local conjecturing based on
contrast (Sutarto, et al, 2016, 2018). The global process of
conjecturing is done by observing the pattern of paving blocks
as a whole without distinguishing black and white as a
strategy in solving problems, whereas the process of contrast-
based local conjecturing is done by observing paving block
patterns separately between black and white in solving the
problem.

In the PBL model, the formation of student groups that each
group consists of high ability and low ability students is
carried out heterogeneously. Each student in the experimental
class is treated using PBL model where they have the
opportunity to solve the paving block problem together, help
each other collect data, share each other, and facilitate learning
each other to solve the paving block problem. The findings of
this study are consistent with results as reported by Barron &
Hammond (2008) who say that heterogeneous abilities of
students in a team facilitate the PBL model and encourage
students to have individual responsibilities. In addition,
Baiduri (2017) found that peer tutors increased student
activity in learning mathematics.
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6 ConcLusION

The research result proves that Problem Based Learning [ is
more effective in improving students' conjecturing abilities in
solving paving block problems. Problem Based Learning also
contribute to the class such that the class is more active and
creative and students think more critically than students
taught using conventional learning. This is because providing
a fun atmosphere for students can foster learning process
becoming much more conducive.

Therefore, we need to propose the following suggestions for
further researcher, determine whether the PBL can contribute
effectively to the students higher order thinking skills in
solving pattern problems in general.
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