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Abstract

The reserch aims to understanding the phenomena of differences in mathematical prob-
lem-solving ability between students who obtained worked-example and expository learn-
ing method when reviewed from students’ initial ability. This study was a quasi-experi-
mental with treatment by level 2x2 research design. We analize the data used two-way
analysis of variance. We found that (1) There were differences in mathematical problem-
solving ability between students who obtained worked-example and expository learning
method. (2) There were differences in mathematical problem-solving ability between stu-
dents who had high and low initial ability. (3) In high initial ability, students who obtained
expository and worked-example learning method were relatively the same. (4) In low initial
ability, students who obtained worked-example learning method were better than expos-
itory. (5) There was an interaction between learning method and initial ability in mathe-
matical problem-solving ability.

Abstrak

Penelitian yang dilakukan ingin memahami fenomena perbedaan kemampuan pemecahan
masalah matematis antara siswa yang memperoleh metode pembelajaran worked-example
dan ekspositori ditinjau dari kemampuan awal siswa. Penelitian ini merupakan penelitian
kuasi eksperimen dengan desain treatment by level 2x2. Penlitian ini menggunana analisis
variansi dua jalan untuk menganalisis data penelitian. Dalam penelitian ini ditemukan bahwa
(1) Ada kemampuan yang berbeda pada pemecahan masalah matematis antara siswa yang
memperoleh metode pembelajaran worked-example dan ekspositori; (2) Ada perbedaan pada
kemampuan pemecahan masalah matematis antara siswa yang memiliki kemampuan awal
tinggi dan rendah; (3) Pada siswa dengan kemampuan awal tinggi, relatif tidak ada perbe-
daan pada kemampuan pemecahan masalah matematisnya; baik siswa yang memperoleh
metode pembelajaran ekspositori dan worked-example; (4) Pada kemampuan dengan awal
rendah, ada perbedaan dan siswa dengan metode pembelajaran worked-example lebih baik
dibandingkan siswa yang belajar dengan ekspositori, dilihat dari kemampuan pemecahan ma-
salah matematis; (5) Terdapat interaksi antara metode pembelajaran dan kemampuan awal
terhadap kemampuan pemecahan masalah matematis.
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INTRODUCTION

Mathematics is a subject that has an im-
portant role in the scope of education. In
practice, mathematics exists at all levels
of education, from elementary school,
middle school, to college. In addition,
mathematics also dubbed as Queen of
Science which means the queen or
mother of knowledge, or we could say
mathematics is a basic science that forms
the basis for other sciences, so that math-
ematics is interrelated with other sci-
ences. From this, teachers are expected to
have mathematical skills, deep under-
standing, and effective teaching skills so
that students can successfully learn math-
ematics. NCTM (2000) defines that there
are several abilities that should be
achieved by students in understanding
mathematics, namely: (1) problem-solv-
ing; (2) reasoning and proof; (3) communi-
cation; (4) connections; and (5) represen-
tation. Someone can master mathematics
by developing mathematical thinking
skills. In general, mathematical thinking
can be categorized into two levels are low-
level and high-level mathematical think-
ing (Tall, 2004). One of the high-order
thinking ability is mathematical problem-
solving ability. Mathematical problem-
solving ability is a person’s ability to solve
mathematical problems with specific
characteristics that cant be solved di-
rectly by ways or procedures which are
available (Santosa, 2018). Problem-solv-
ing ability is considered important, be-
cause mathematical problem-solving abil-
ity is a skill that student have in order to
use mathematical activities to solve prob-
lems in mathematics, problems in other
sciences, and problem in everyday life
(Soedjadi, 1994).

But students’ ability in solving
mathematical problems is still low. This
supported by the result of Daeka,
Budiyono, & Sujadi (2014) study which
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states that students’ low mathematical
problem-solving ability is caused by stu-
dents not being used to practicing their
ability to solve problems. Harahap &
Surya (2017) also states that students
were still not familiar with problem-solv-
ing questions, and they were less able to
write down the solutions. When students
are given mathematical problems, stu-
dents can only do routine questions that
have never been obtained by students
can't be solve.

Students’ ability in solving mathe-
matical problems is related to having
knowledge of mathematical concepts in
the form of schemes (Santosa, 2018).
Paas, Renkl, & Sweller (2004) argued that
understanding occurs when students can
construct new knowledge structures by
linking the knowledge being learned with
previous knowledge. For students who
have gained the knowledge to solve these
problems, students tend tofind it easier to
solve problems. It is different with stu-
dents who have limited prior knowledge
and get new problems, students will cer-
tainly find it more difficult to solve them.
This means that in solving mathematical
problems, student with high initial ability
supported by their initial knowledge and
ability to apply heuristic strategy.

Solving mathematical problems
can't be separated from cognitive load
that processed by students. Cognitive
Load Theory (CLT) is the latest theory
about learning design which developed
based on human cognitive system
(Sweller, Ayres, & Kalyuga, 2011). Cogni-
tive Load Theory divided cognitive load
into three types, namely extraneous cog-
nitive load, intrinsic cognitive load, and
germane cognitive load (van Gog, Kester,
& Paas, 2011). Cognitive load that hinders
the process of understanding or learning
something is called extraneous cognitive
load, so the source of this load needs to be
minimized (Mwangi & Sweller, 1998;
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Sweller et al., 2011). If students have high
cognitive load, especially extraneous cog-
nitive load, then students will have diffi-
culty in recieving learning material
(Retnowati, 2008). Effective learning is
learning that combines problem-solving
by providing working examples known as
worked-example learning (Renkl, Atkin-
son, Maier, & Staley, 2002).

Worked-example is solving problem
by showing a step-by-step solution that
contains formulation of problem, steps for
solving, and final solution of the problem
(Hoogerheide, Loyens, & Van Gog, 2014).
The existence of steps in each problem
aim to make it easier for students to learn
and understand how to find solutions to
existing problems. According to CLT,
worked-example facilitates students with
examples of how to solve new problems
for students. Because the subject matter
is new, students don't have initial
knowledge that is relevant and strong
enough. The existence of examples helps
students to build initial knowledge
(schema acquisition), so that it can facili-
tate students to understand problem-
solving more effectively (Nuraini, 2016).
This is in line with van Gog & Kester
(2012), Effective and efficient problem
solving skills can be obtained through
working examples, which means that
solving problems efficiently helped by
worked-example. Worked-example are
designed for students with insufficient
prior knowledge, or often called novice
learners.

Based on the description above, this
study aims to determine: (1) differencesin
students’ mathematical problem-solving
ability based on learning methods; (2) dif-
ferences students’ mathematical prob-
lem-solving ability based on their initial
ability; (3) interaction between learning
methods and initial ability of students’
mathematical problem-solving ability.

METHOD

Population in this study are students of
tenth grade at one of Madrasah Aliyah
Negeri (MAN) in the city of Serang in aca-
demic year 2019/2020 of even semester.
Sampling in this study using purposive
sampling technique. The selected sub-
jects were experimental group and con-
trol group, totalling 57 students. In exper-
imental group by applying worked-exam-
ple learning method and control group by
applying expository learning method. The
value of one group does not affect the
value of the other group because each
sample has its own score, and each is
tested. This means that the test results of
each group first are then compared. The
research method used was a quasi-exper-
mental with treatment by level 2x2 de-
sign. The research design pattern is pre-
sented in Table 1.

Table 1 Research Design
Learning method (A)
ked-example Expository

Initial ability
(B) Wor

(As) (A2)
ngh (B1) AiB. AsB.
Low (Bz) A:B. A.B:

Instruments

The instruments used in this study in-
cluded test instruments for initial ability
and mathematical problem-solving ability.
Test instrument of initial ability was used
to determine the initial ability of students
in experimental class and control class. Its
used was in the form of multiple-choice
questions. The score given on multiple
choice testis 1 point for each true item and
o point for each false item.

Meanwhile, test instrument of prob-
lem-solving ability was used to measure
students’ mathematical problem-solving
ability after being given different treat-
ments in experimental class and control
class. The problem-solving ability test was
in the form of essay. The score given is
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Table 2. Result of independent sample t-test for students’ initial ability (sig. = .o5)

N Mean Variance Cohen’sd t-stat Ho
Experimental 26 76.63 158.49 02 o6 Accepted
Control 31 76.43 137.81

based on scoring guidelines according to
each indicator of mathematical problem-
solving ability, with scale from o to 4
points.

Before being given to research
sample, both of instruments were tested
first for validity and reliability. Based on
the result of validity test of initial ability in-
strument, it was obtained 13 items that
were stated valid from 15 items tested.
Furthermore, the result of reliability coef-
ficient of initial ability instrument
amounted .80 and by the method of inter-
nal consistency (Cronbach Alpha) is .82. It
means that instrument of initial ability is
reliable to use.

Meanwhile, validity of mathemati-
cal problem-solving ability instrument, it
was obtained 6 items that were stated
valid from 7 items tested. Also reliability
coefficient of mathematical problem-
solving ability amounted .40 and by the
method of internal consistency (Cronbach
Alpha) is .65. It means that instrument of
mathematical problem-solving ability is
reliable to use.

Procedures

The research begins by indentifying prob-
lems related to students’ mathematical
problem-solving ability and collecting lit-
erature which relevant to the problem was
found as well as previous studies. Then,
compile the riset instruments and verify
its validity and reliability. Furthermore,
learning by different methods in each
group and applying riset instruments to
the research subjects. Next, analyze data
and take conclusion.

Data Analysis

Data analysis carried out in this research
are descriptive and inferential statistics.
Descriptively, data described based on
number of sample (N), minimum score
(min), maximum score (max), average
(mean), and standard deviation (SD). In-
ferentially, data analysis technique in-
cludes independent sample t-test (for ini-
tial ability data) and two-way ANOVA (for
mathematical problem-solving ability
data). In addition, Tukey-Kramer test was
also used to determine which group dif-
fers significantly (Glass & Hopkins, 1970).

RESULT AND DICUSSION
Result
Initial ability

The data analyzed was data of initial abil-
ity that have been given both experi-
mental group and control group before
learning process. The arithmetic mean,
standard deviation, and independent
sample t-test was used as shown as in Ta-
ble 2.

From Table 2, average of experi-
mental group is higher than control group,
which is a difference of .2. Also, the result
of mean difference test of initial ability in
experimental group and control group
shows that t-stat (55) = .06 is less than
2.00, so it can be concluded that students’
initial ability in both groups are not signif-
icantly different or relatively same.
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Table 5. Result of independent sample t-test for students’ initial ability

Method . .L.evel Of N Min. Max. Mean SD
initial ability
Worked- High 7 64 86 80.29 8.83
example Low 7 59 91 81.00 11.66
. High 8 73 86 80.50 5.15
Expositor
P Y Low 8 59 73 63.37 4.84

Mathematical problem-solving ability data

The data analyzed was data post-test of
mathematical problem-solving ability that
have been given to both experimental
group and control group after students
were given different treatments. As for
post-test data on mathematical problem-
solving ability are presented descriptively
in the following table:

Table 3 Mathematical problem-solving ability
based on group of learning method

Method N Min. Max. Mean SD
Worked-ex-

ample 26 27 45  72.08 15.77
Expository 31 91 91 70.67 11.03

From Table 3, worked-example
group had a higher average than exposi-
tory group, with difference of 1.41. The
standard deviation of worked-example
group was higher than expository group,
which indicates that data on the result of
students’ mathematical problem-solving
ability test in worked-example group was
more spread out than expository group.

Table 4 Mathematical problem-solving ability
based on level of students' initial ability

Level N Min. Max. Mean SD
High 15 64 86 80.00 6.83
Low 15 59 91 73.73 10.91

From Table 4, students who have
high initial ability had a higher average
than low initial ability, with difference of
6.27. Meanwhile, the standard deviation of
students who have low initial ability was
higher than high initial ability, which indi-
cates that data on the result of students’
mathematical problem-solving ability test

with low initial ability was more spread out
than high initial ability.

In Table 5, group of students who
have low initial ability by applying worked-
example method had higher average than
high initial ability, with difference of .71.
Meanwhile, group of students who have
high initial ability by applying expository
method had higher average than low ini-
tial ability, with difference of 13.13. Fur-
thermore, standard deviation of students
who have low initial ability by applying
worked-example method was higher than
high initial ability, which indicated that
data on the result of mathematical prob-
lem-solving ability test of students who
have low initial ability by applying worked-
example method was more spread out
than students who have high initial ability.
The standard deviation of students who
have high initial ability by applying exposi-
tory method was higher than low initial
ability, which indicated that data on the re-
sult of mathematical problem-solving abil-
ity test of students who have high initial
ability by applying expository method
were more spread out than students who
have low initial ability by applying exposi-
tory method.

Furthermore, data analysis of infer-
ential statistics was carried out which in-
cluded prerequisite test (normality and
homogeneity), hypothesis testing, and
post two-way ANOVA test. The inferen-
tial statistics analysis result is presented in
Table 6.

From Table 6, the value of L-stat
(Liliefors) is less than L-crit for each group
so that the test decision at significance
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Table 6. Summary of normality data test of mathematical problem-solving ability

Group L-stat L-crit Ho
Worked-example 11 .17 Accepted
Expository .13 .15 Accepted
High initial ability .20 .22 Accepted
Low initial ability .19 .22 Accepted
High initial ability with worked- .26 .30 Accepted

example

Low initial ability with worked-example .19 .30 Accepted
High initial ability with expository .25 .29 Accepted
Low initial ability with expository .26 .29 Accepted

level (.o5), then all Ho are accepted. Thus,
it can be concluded that data for each sam-
ple, both learning method group, initial
ability group, and initial ability in learning
method came from a normally distributed
population.

Tabel 7. Summary of homogeneity data test of
mathemtical problem-solving ability

Group W F-crit Ho.
Learningmethod 1.68  4.02  Accepted
Initial ability 3.64  4.19 Accepted
High initial ability ~ 2.17 4.67  Accepted
Low initial ability ~ 3.95 4.67  Accepted

From Table 7, all of value Levene’
statistics (W) is less than F-crit so that the
test decision at significance level (.05),
then all Ho are accepted. Thus, it can con-
clude that all samples come from popula-
tion that have same variance (homogene-
ous).

After prerequisite test of data analy-
sis is fulfilled, then hypothesis testing is
carried out. The result of hypothesis test-
ing are presented in Table 8. From Table 8,
it can be concluded that: (a) for learning
method effect, the value of F-stat (5.34) is
more than F-crit which show that null

hypothesis (Ho1) is rejected, it means that
there was a significant difference in math-
ematical problem-solving ability between
students who obtained worked-example
method and expository method; (b) for in-
itial ability effect, the value F-stat (4.58) is
more than F-crit which show that null hy-
pothesis (Ho2) is rejected, it means that
there was a significant difference in math-
ematical problem-solving ability between
students who have high initial ability and
low initial ability; (c) for interaction effect,
the value of F-stat (5.69) is more than F-
crit which show that null hypothesis (Ho5)
is rejected, it means that there was an in-
teraction between learning method and
initial ability in mathematical problem-
solving ability.

To see whether there is an interac-
tion between learning method and inital
ability in mathematical problem-solving
ability, it can also be depicted clearly in the
plotin Figure 1.

Table 8. Result of two-way ANOVA (sig. = .05)

Sum of

Mean

Source df F-stat F-crit Ho
square square
Learning method (A) 335.71 335.71 5.34 4.22 Rejected
Initial ability (B) 287.51 287.51 4.58 4.22 Rejected
Learning method * .
Initial ability (AxB) 357.51 1 357.51 5.69 4.22 Rejected
Error 1,633.30 26 62.82 - - -
Corrected total 2,614.05 29 - - - -
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ESTIMATED MARGINAL MEANS OF
MATHEMATICAL PROBLEM-SOLVING
ABILITY BASED ON INITIAL ABILITY
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Figure 1. Interaction between learning method and
initial ability

In Figure 1, show that both lines of worked-
example method (blue line) and expository
method (orange line) intersect each other.
It means that there is interaction between
learning method and initial ability in math-
ematical problem-solving ability.

Because the null hypotheses are re-
jected, itis necessary to do a post-ANOVA
test. Data analysis using Tukey-Kramer
method can be done by looking at the
mean of each cell and marginal mean
which is presented in Table g.

Tabel 9. Mean of each cell and marginal means

Tabel 10. Result of mean difference

Comparison Mean Standard gq- p- Mean-
group error  stat value  crit

U

ﬂAlBliﬂAZBl .21 2.90 .07 .99  11.25

AB, _#AZBZ 13.62 2.90 4.69 .01 11.25

Learning method

lmtl?tl o Worked-ex- Expositor Mr:;?:jl
Y ample P Y
High 80.29 8o.5 80.39
Low 81 67.37 74.19
Marginal
means 80.64 73-94 7729

From Table 9, the marginal mean
group of students who obtained worked-
example method (80.64) was higher than
marginal mean group of students who ob-
tain expository method (73.94). thus, it
can be concluded that worked-example
learning method is better than expository
learning method. Based on Table g, then
the result of multiple comparison test be-
tween columns can be seen in Table 10.

From Table 10, it can be concluded
that: (a) for comparison A;B. - A,B;, mean
difference (.21) is smaller than mean-crit
which show that null hypothesis (Ho3) is
accepted, so it can be concluded that at
high initial ability, there is no significant
difference between students who ob-
tained worked-example method and ex-
pository method for their mathematical
problem-solving ability; (b) for compari-
son A,B. - A,B,, mean difference (13.62) is
higher than mean-crit which show that
null hypothesis (Ho4) is rejected, so it can
be concluded that at low initial ability,
there is significant difference between
students who obtained worked-example
method for their mathematical problem-
solving ability. Furthermore, from Table g,
at low initial ability, mean of cell students
who obtained worked-example method
was higher than expository method. This
indicates that at low initial ability, stu-
dents who obtained worked-example
method were better than students who
obtained expository method for their
mathematical problem-solving ability.

Discussion

Mathematical problem-solving ability based
on learning method

The factor that causes students who ob-
tained worked-example learning method
has better mathematical problem-solving
ability than students who obtained expos-
itory learning method is there are differ-
ence treatment between experimental
group and control group. In the experi-
mental group, students were given
worked-example  method.  Worked-



example method is a learning method by
showing a step-by-step solution to solve a
problem. In the experimental group, stu-
dents were facilitated with assignment
sheet which contained example of ques-
tion with worked-example steps that
made easier for students to understand
concepts or procedures to solve mathe-
matical problems (Santosa, Suryadi,
Prabawanto, & Syamsuri, 2018). By apply-
ing worked-example, students try to un-
derstand the problems that presented.
While students did reflection activities to
understand mathematical concepts and
correct misunderstanding.

Whereas in the control group, stu-
dents were given expository method. Ex-
pository method is one-way learning
which students only focus on material
that provided by the teacher. In the con-
trol group, assignment sheets were given
aren't presented with example of ques-
tions that were similiar to practice ques-
tions that contained completion steps.

Based on the description above, this
research is in line with previous study con-
ducted by Santosa (2018), namely the
worked-example method has a positive
effect on mathematical problem-solving
ability.

In addition, in learning mathemat-
ics, the worked-example can be related to
the Theory of Didactical Situation (Brous-
seau, 2002), that students learn by adapt-
ing to milieu. The independence of stu-
dents in the learning process without
teacher  intervention in  gaining
knowledge is very important for students
to adapt to milieu without the help of
teachers. In fact, according to Brousseau
(2002) that students cannot solve some
adidactic situations directly. This means
that at the time of learning students also
need guidance and explanation from the
teacher to achieve learning objectives.
This means that in the learning process,
there is a need for direct intervention in
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learning to acculturate higher knowledge,
which students have never known before.

Mathematical problem-solving ability based
on initial ability

Mathematical initial ability has an influ-
ence on the achievement of subsequent
mathematics skills. This is supported by
Greeno, et al. (Jonassen, 2009) which
states that “cognitive researchers agree
that the learner’s prior domain knowledge
is among the most important determina-
tion of problem-solving ability”, which
means that researchers agree on the cog-
nitive aspects that students’ prior
knowledge is one of the most important
determining factors for problem-solving
ability. Good mathematical initial ability
will enable students to understand math-
ematics material effectively. Thus, high
ability will affect mathematical problem-
solving ability.

Learning method at high initial ability

The expository method allows students to
learn solving problems optimally. The ex-
pository method is considered very effec-
tive if the subject matter mastered by stu-
dents is quite extensive. In the expository
group, process of obtaining knowledge is
not process of seeking and constructing
knowledge. Meanwhile, based on Cogni-
tive Load Theory, which is the basis for
worked-example, students with high ini-
tial ability have sufficient schemes to
solve problem (van Gog et al., 2011). Thus,
students who have high initial ability feel-
ing bored when given worked-example
learning method. This is because students
who have high initial abilities have under-
stood the concept of solving problems
quickly and precisely with their own way
of solving them based on a schema that
has been formed, so that when presented
with a worksheet with systematic worked
-example steps, it feels long and inef-




218 | Yulistiany, D; Santosa, CAHF; and Rafianti, |. Worked-Example Method on Mathematical ...

ficient. Thus, students with high initial
abilities are more suitable for expository
learning and discovery learning.

Learning method at low initial ability

Worked-example was design for students
with insufficient prior knowledge. Be-
cause the material is still new, students
don't yet have relevant and strong initial
knowledge. Implementation of worked-
example in students with low initial ability
is an effort to reduce cognitive load and
help students in forming knowledge
schemes for long-term memory, thereby
facilitating students to be able to under-
stand and deal with mathematical prob-
lems (Santosa, 2019). Assignments de-
signed with worked-examples steps make
it easier for students to understand con-
cepts or procedures in solving problems.
Learning by example through worked-ex-
ample method can easily and quickly im-
prove students’ knowledge schemes.
When the knowledge scheme is formed,
students will be successful in solving
mathematical problems. Continous prac-
tice carried out by students will make
problem-solving activities automatically
which reduces workload of students’
brains, so that worked-example is good
for students who have low initial ability.
This is in line with Baruda’s learning the-
ory, where students learn through the ex-
amples provided to learn the completion
process gradually to form a scheme
through these stages. Based on cognitive
load theory and effects of worked-exam-
ple, it shows that learning from worked-
example is better than solving equivalent
problems (Irwansyah & Retnowati, 2019).

Interaction between learning method and
initial ability of mathematical problem-
solving ability

Interaction in this study can be seen from
learning method and students’ initial

ability. The learning method used are
worked-example method and expository
method, while the initial ability is divided
into two categories, namely high level and
low level. According to Irawan, Suharta, &
Suparta (2016), there are things that af-
fect mathematical problem-solving abil-
ity, namely learning method and mathe-
matical initial ability. The use of worked-
example method is more suitable for stu-
dents who don’t have an initial scheme
that is strong enough to solve problems
(Hillen, Gog, & Gruwel, 2012). While the
expository method has a passive impres-
sion of students in learning process,
namely students only listen and record
what the teacher says. Based on this, the
expository method will be easier to under-
stand by students with high initial ability,
while for students who have low initial
ability, it will be difficult to adapt in expos-
itory learning method.

Limitation of Study

This research was conducted online via
Google Classroom. This is due to pan-
demic of Covid-19 that occurred in Indo-
nesia when the research was conducted,
so it wasn't possible to do it directly in the
classroom.

CONCLUSSION

Based on the result of data analysis and
discussion, also referring to the problem
formulations that have been described, it
can concluded that: (1) there are signifi-
cant differences in mathematical prob-
lem-solving ability between students who
obtained worked-example method and
students who obtained expository
method; (2) there are signficant differ-
ences in mathematical problem-solving
ability between students who have high
initial ability and students who have low
initial ability; (3) at high initial ability,
mathematical problem-solving ability of



students who obtained expository
method were relatively same as those
who obtained worked-example method;
(4) at low initial ability, mathematical
problem-solving ability of students who
obtained worked-example method were
better that those who obtained exposi-
tory method; and (5) there is interaction
between learning method and initial abil-
ity in mathematical problem-solving abil-
ity.

For further researchers, it is recom-
mended to see an increase in every indica-
tor of mathematical problem solving and
other abilities that can be applied through
the worked-example learning method.
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