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Abstract—This study aimed to examine the effectiveness of mobile blended
compared to conventional problem-based learning on mathematical problem-
solving skills and look for students' responses about the use of online learning.
The study was conducted using a pretest-posttest quasi-experimental research
design supported with descriptive qualitative responses involving 188 students
taken by applying cluster random sampling as subjects of research distributed
from vocational high schools in Bojonegoro City, East Java, Indonesia. Research
findings revealed that mathematical problem-solving skills for students treated
with mobile blended problem-based learning were higher than those who have
been treated with purely problem-based learning. In addition, students have
responded positively to the usage of mobile blended problem-based learning that
was applicable and acceptable for effectively improving mathematical problem-
solving skills.

Keywords—Mobile learning, blended learning, problem-based learning,
problem-solving

1 Introduction

In this 21 Century, students are required to have various skills such as critical
thinking and problem solving [1] that are essential for them [2]. Problem-solving skills
reinforce critical thinking ability [3]. Furthermore, students are expected to develop
themselves through ICT, information, media, and computing literacies [4]. The
development of information technology provides students with challenges and
opportunities to develop themselves through online learning [5]. This is relevant to the
current education situation in Indonesia that the learning process is delivered through
information technology and rapid development of information technology is beneficial
to support learning activities.

To stimulate students' problem-solving skills, an appropriate learning model is
needed. One of the learning models which can improve students' problem-solving skills
is problem-based learning (PBL) [6]. PBL can stimulate students to think systematically
since it is a student-centered learning model (SCL) [7] so that it provides experience to
students to carry out activities directly in solving problems. PBL provides training to
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students in applying various principles, concepts, and skills that have been learned to
solve the problems faced [8].

Many studies recommend PBL to be implemented to teaching various subjects,
including Mathematics. Mathematics is a compulsory subject at every level of
education, from elementary to university level, but some students find it challenging to
learn because it is an abstract subject. Several studies reveal that students get difficulties
in learning mathematics. They tend to memorize formulas but do not understand the
origin of those formulas, and they have a lack of accuracy in identifying questions in
the form of narration [9]. Based on mathematics subjects' characteristics, students must
have logical, systematic, and structural thinking ability and high imagination.
Therefore, if PBL is applied to mathematics learning, it is expected to improve students'
mathematics competence.

However, PBL also has some weaknesses, such as it needs more time allotment for
its implementation [10], [11]. Another study uncovered that PBL requires a lot of time
allocation from the teacher's perspective compared to traditional learning [12]. It does
not provide a significant effect if it is applied in a short time.

Several studies are investigating the effects of blended learning during PBL
implementation. The studies revealed that integrating PBL with online learning can
increase students' motivation and improve students' literacy skills [13]. The application
of PBL is more efficient if it is integrated with online learning [14]. A meta-analysis
study also shows that blended-PBL is more effective compared to conventional PBL
[15]. Blended-PBL is effective in increasing the students' activeness in learning
activities [16]. Another study also revealed that integrating mobile devices and PBL
can improve students' critical thinking skills [17].

Several studies have investigated blended PBL focusing on specific materials,
subjects, fields, and frequently conducted at the university level, such as in accounting
[18], health [14], and a very limited study conducted at secondary schools. In addition,
the study mostly included a limited number of subjects, the scope of skills analyzed
[13], and mastery of knowledge comprehensiveness [15]. Based on several studies
related to blended PBL and rapid development of mobile technology in all sectors
including education, mobile devices have become people's daily needs since it offers a
new paradigm of connectivity, communication, and collaboration [19]. Therefore,
researchers intended to integrate some ideas from blended learning, problem- based
learning, and mobile learning, where learning is an integration of blended PBL and
mobile devices. Students were facilitated in accessing learning information provided
by teachers through the Schoology platform as a learning management system (LMS).
All related learning materials and problems were arranged in the LMS, by providing
journal articles links and YouTube video links. Accordingly, students can study easily
anywhere, at any time, and access content many times as long as the internet connection
is available. The integration of mobile learning, blended learning, and PBL, also known
as MBPBL, makes it possible to change the teaching and learning process[20]. This is
because learning with mobile devices' help is not only learning in a formal environment
(school) but also learning outside of school all the time using mobile devices[21].
Another study also states that mobile devices also negatively impact if they are misused
so that student performance decreases, such as when learning occurs, students do other
activities such as watching movies, playing games, chatting on social media, and so
on[22]. This is due to student pedagogical factors. To overcome this, it is necessary to
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explain at the first meeting regarding students' intention and behavior in using mobile
devices.

From the explanation above, it can be stated that this study is focused on revealing
that: 1) whether or not the implementation of MBPBL is more effective than
conventional PBL, and 2) the students' responses about the implementation of MBPBL
in mathematics learning.

2 Literature Review

2.1 Mobile Learning (ML)

Teachers need to be able to take advantage of mobile learning technologies to
support education 4.0. Mobile learning is a form/learning model using the capabilities
of mobile devices [23] Since 2005, the word "mobile learning" has been introduced
[24] by many researchers. However, with the development of mobile devices, it
currently has numerous e-learning capabilities. It is unique in that it is flexible, in terms
of time and place, to transform learning into different contexts, such as multimedia and
communication contents [25]. Mobile learning is not only about learning materials, it
also encourages students to learn more about learning [25]. Mobile education can also
be involved in learning in Indonesia. However, it is rare to combine mobile learning
with some approaches [26], such as mobile learning with mixed learning and problem-
based learning. Most research results are limited to examining the efficiency of mobile
learning and samples in higher education institutions without using a specific learning
approach model.

The types of methods that can be facilitated by mobile devices include a) individual
learning, where students can learn at their own pace; b) distance learning, namely
situational learning; c) interactive learning, which is easy to connect and communicate.
Based on this study, the efficacy of mobile learning combined with certain approaches
is examined.

2.2  Blended Learning(BL)

Blended learning is a form of learning that incorporates face-to-face and online
models using all technological facilities, or in other words, it is a blend of face-to-face
and online learning [27]. According to [28] blended learning model typically includes
six mixed learning models, namely: 1) face-to-face Driver Model, 2) Rotation Model,
3) Flex Model, 4) Online Lap Model, 5) Self-Blend Model, 6) Online Driver Model.
The keys to blended learning, according to [29], are: 1) Live Event, 2) Self-paced
Learning, 3) Collaboration, 4) Assessment, 5) Performance Support Materials.

Referring to the six blended learning models, this study used the online driver model.
This study used the Schoology platform for online activities. Further, there is no
standard formula for determining the mixture of online and offline meetings in the
context of learning [30]. The standard percentage use is 50/50, which means that face-
to-face learning is done by 50%, and online learning is also done by 50%. In addition
to the above composition, some apply 75% of face-to-face learning and 25% of online
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learning or vice versa. In this study, the researchers used 50% of face-to-face learning
and 50% of online learning.

2.3  Problem Based Learning (PBL)

The learning step of problem-based learning consists of five stages, which are
initiated with problem-posing and ended with students' works presentation and
problem-solving analysis. The five stages which were adapted from [31] are presented
as follows.

Table 1. The Steps of Problem Based Learning

No Stages Teacher's Activity

1 |Problem posing Distributing worksheets containing the problem posed

Setting the problem or discussing the problem with
2 |Learning organization students
Guiding the students to analyze the problem

Guiding the students in group to analyze the problem
(brainstorming session)

Guiding the students in group to formulate the learning
objectives

3 |Guiding an individual or group investigation

Guiding the students to examine the result of group
Developing and presenting the students' discussion in a class discussion forum

works The group of students presents the results of the
discussion through a class presentation

Explaining unfamiliar terminology and concept related
to learning material
Guiding the students to conclude the lesson

Analyzing and evaluating the problem-
solving process

Source: [31]

2.4  Mobile Blended Problem-Based Learning (MBPBL)

Researchers combined mobile learning (ML), blended learning (BL), and problem-
based learning (PBL), known as mobile blended problem-based learning (MBPBL), as
a learning strategy. MBPBL was implemented using the syntax of PBL that included a
face-to-face meeting in class combined with online PBL utilizing a mobile device with
the Schoology platform that was previously designed and developed. The students
attended the face-to-face class and communicated and collaborated electronically
outside the classroom using the LMS Schoology platform that has been provided. PBL
learning step follows the theory of constructivism and is centered on students' activities
[32]. This integration is necessary since blended learning must be integrated with
constructive learning [33]. Therefore, the theory is used as a basis for a theoretical blend
of blended learning and PBL. Many evidences have revealed that blended learning and
constructive learning support each other in creating a harmonious learning
environment.
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Table 2. The Steps of MBPBL

Stages Learning through LMS Platform
Learning The teacher provides an online learning environment through the LMS Platform
Preparation with the following criteria:

a)  Online learning is a medium of learning the activities are carried out
outside the face-to-face learning in class.

b)  Online learning is equipped with discussion materials, learning
materials, quizzes, assignments, pictures, videos, or website addresses.

c)  The teacher states the learning goals and problems as a stimulus for
students through a video.

d) Ituses the problem as a learning stimulus delivered via online.

e)  Each student tries to find a solution to the problem posed, to be
discussed in their respective groups.

f)  Communications are teacher-to-students and students-to-students.

g)  The teacher guides analyzing problems.

h)  The teacher guides information gathering and online discussion forum.

i)  The teacher guides students to test the results of group discussions in
online discussion forums.

j)  The teacher explains unfamiliar terminology and concepts related to
learning material.

k)  The teacher gives assignments and information related to classroom
learning that will be held next.

1)  Learning activities are carried out flexibly, depending on the
agreement between the teacher and students.

Pre-Activity a)  The teacher checks the readiness of the class, learning tools, and
learning media.

b)  The teacher greets the students.

c)  The teacher checks students' attendance.

Opening a)  The teacher makes apperception, gives motivation, and explains the
steps of learning.

b)  The teacher divides students into some groups consisting of 4-5
students.

Main Activity a)  The teacher distributes Students' Worksheets, which contains the
problem posed to support the learning process.

b)  The teacher sets the problem or discusses the problem together with
the students.

c)  The teacher guides students to analyze the problem.

d)  The teacher guides students to describe systematic explanations from
problem analysis in groups (brainstorming sessions).

e)  The teacher guides students to formulate learning goals in groups.

f)  The teacher guides students to search for information independently in
groups via the internet.

g)  The teacher guides students to gather information in a group
discussion forum.

h)  The teacher guides students to test the results of group discussions in
class discussion forums.

i)  The teacher explains unfamiliar terminology and concepts related to
learning material.

Closing a)  The teacher guides students to conclude the lesson.
b)  The teacher provides assignments and information related to online
learning that will be held next.

Adapted from [34]-[37]

This MBPBL has some benefits. First, it provides students with a more flexible and
constructivist learning environment with the Schoology mobile platform device's help.
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They can control their learning and learn with a variety of dynamic learning resources.
In an integrated learning environment, students and teachers are freed from time and
space limitations from traditional classrooms. Second, MBPBL learning promotes
interaction and collaboration between students and teachers by enabling them to
communicate and collaborate both in online and in the classroom. MBPBL learning has
the potential to provide passive students in a face-to-face environment with the
opportunity to participate in collaborative problem-solving actively. The studies [38]—
[42] show that passive students tend to participate more actively in online media than
face-to-face learning. The following table presents the advantages of MBPBL
compared to PBL.

Table 3. The Advantages of MBPBL Compared to PBL

Indicators MBPBL PBL

The time for learning is longer since
it is not limited to learning hours
Time allocation for learning like in a class so that the students
have more time to understand the
material.

With mobile devices' aid, the
students can learn every time and
everywhere and can access the
material many times. The learning
sources are also rich since they are
taken from books and online
sources, €.g., YouTube, Weblogs,
etc.

The time for learning is limited to
learning hours in a class.

The learning activity must take
place in class, and the learning
source is limited to printed books.

Learning ease

The students can have a discussion
or communication with their teacher
and peers without a face-to-face
mode. They can do it online.

The discussion can only be done
through face-to-face meetings in
class.

Discussion

Through the mobile device, the
learning activities done outside the |There is no control for learning
class can be well-managed by the [activities outside the class.

teacher.

Learning control / management

Through the mobile device, the
teacher can make an online quiz,

give the students feedback, and Evaluation can only be done in

Evaluati o lass.
valuation utilize the test results well through a c1ass
learning management system
(LMS).
The students can easily share There is no certain way of sharin;
Sharing information, material, and files Y g

files, material, or information.

through LMS with one another.

3 Research Method

3.1 Research design

This research was conducted using a quasi-experimental pretest-posttest design and
supported with descriptive qualitative statements from students concerning the
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implementation of mobile blended learning. A pre-test was administered to both groups
before the treatment was given to measure students' mathematical problem-solving
skills. This pre-test was necessary to confirm that the two groups were indifferent. After
the pre-test was done, the researchers gave treatment to the sample in 8 meetings, and
it was ended with a post-test. This post-test was intended to measure the students'
achievement after the treatment. Besides, the researchers also distributed questionnaires
to the students and interviewed with them. The detailed information about the research
design is presented as follows.

Table 4. Research design

Meeting
1 | 2 | 3 4 ] 5 | 6 [ 7 ]s
Class Pre-test |Experimental Class Post-test
Pre-test |Control Class Post-test

The treatments for experimental and control groups were given for eight weeks both
for mobile blended and conventional problem-based learning. The mode of learning for
the experimental group consisted of four times face-to-face and four times online, while
the mode of learning for the control group was eight times fully face-to-face. The detail
of learning mode arrangements for the experimental and control group is shown in
Tables 5 and 6 below.

Table 5. Mode of Learning Arrangements for Experimental Group

Weeks Mode of learning Learning Materials

Introduction, explanation of the learning model that will be

1st Week Face-to-face applied, tutorial learning with the LMS platform (online),
learning contract

2nd Week Online Arithmetic Sequences

3rd Week Face-to-face Arithmetic Progression

4th Week Online The Application of Arithmetic Sequences and Progression

S5th Week Online Geometric Sequences

6th Week Face-to-face Geometric Progression

7th Week Online Infinite Geometric Progression

8th Week Face-to-face The Application of Geometric Sequences and Progression

Table 6. Mode of Learning Arrangements for Control Group

Weeks Mode of learning Learning Materials
1% Week Face-to-face ir;t;ﬁggf:ile(;r;l i)l(éjlca:ritrl;)cnt of the learning model that will be
2" Week Face-to-face Arithmetic Sequences
3" Week Face-to-face Arithmetic Progression
4™ Week Face-to-face The Application of Arithmetic Sequences and Progression
5" Week Face-to-face Geometric Sequences
6™ Week Face-to-face Geometric Progression
7" Week Face-to-face Infinite Geometric Progression
8" Week Face-to-face The Application of Geometric Sequences and Progression
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After eight-week treatments, the two groups were given a post-test. The data
collection instruments used in this study were classified as quantitative and qualitative.

3.2 Population and sample

This study population is a vocational high school in Bojonegoro city, East Java
Province, Indonesia. The subjects of the study included 188 students taken by using
cluster random sampling. A number of 94 students were randomly assigned as the
experimental groups. The same number of students were assigned as control groups.
The experimental group was treated using mobile blended problem-based learning,
while the control group was treated using conventional problem-based learning.

3.3 Instrument (Quantitative method)

The quantitative methods employed in this study were tests and questionnaires. In
this study, the test was a test of mathematical problem-solving skills conducted before
treatment (pre-test) and after treatment (post-test). The treatment was done in §
meetings for each of the MBPBL and PBL class. Meanwhile, the questionnaire was
used to uncover students' responses to the implementation of MBPBL. The
questionnaire used a Likert scale form. Before being distributed to students, the test
instrument and questionnaire were validated by experts.

Table 7. The Blueprint of Problem-solving Questions

Basic Competences Number
The n™ term of an arithmetic sequence 1,2
The sum of n terms of an arithmetic series 3,4,5
The nth term of a geometric sequence 6,7
The sum of the first n terms of the geometric series 8
Infinite geometric series 9,10

Table 8. The Blueprint of Students' Questionnaire

No. Statements Agree Disagree
1 |Responses to the applied learning model
2 |Alternative learning media
3 |Increase the responsibility for the task
4 |New experiences with the applied model
5 |Save time and money
6 |Ease of learning
7 |Improve student understanding
8 |Ease of collecting assignments
9 |Learning models can increase self-confidence
10 [Learning models can reduce student anxiety
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3.4  Instrument (Qualitative method)

Dealing with the qualitative method, the instruments used were in-depth interview
protocol and observation sheet. In this study, the in-depth interview was limited to 3
informants from each MBPBL and PBL class. The MBPBL class observation was done
by looking at the students' activeness in online learning using the Schoology platform.
Meanwhile, the observation in the PBL class was done by making notes in the
observation sheet. The interview guidelines are as follows: 1) Implementation models
of learning responses; 2) Implementation of learning models to other subjects; 3)
Response to content understanding.

3.5 Data analysis

The technique of quantitative data analysis used in this study was the independent
samples #-test. Then, it proceeds to the N-Gain Score test. The independent samples ¢-
test was used to test whether there are differences between the MBPBL class and the
PBL class, while the N-Gain Score test was used to see the learning model's
effectiveness. Researchers used SPSS version 20 software to process data to look for
differences in the learning outcomes of the MBPBL and PBL and their effectiveness.
The following is the statistical manual formula for the T-test and the N-Gain test to test
the model's efficacy.

The Formula of T-test Independent The Formula of N-Gain Test
Xl - Xz (SPost> - (SPre>
t= 9) =7
100% — (SPre>
\/(nl — 1)512 + (nz - 1)522 (i + i)
ny+n, —2 ny N,
Note:
X,= The mean score of sample 1 Note:
X,= The mean score of sample 2 (g) = Gain Score
n, = The number of sample | Spost = Score of Post test
n, = The number of sample 2 Spre = Score of Pre Test
Si= The variance of sample 1
S5 = The variance of sample 2

For qualitative data, the analysis technique used was the triangulation of sources
based on interviews and observations.
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4 Result

4.1 Interface system

Below is a presentation of LMS Schoology in 3 schools performed in MBPBL
learning by research subjects. The LMS contains content, individual tasks, group tasks,
discussion rooms, and quizzes. The information folder is used to label similar materials
like e-books, YouTube links, or papers. Similarly, other activities, such as individual
and group tasks, maybe categorized by groups and individuals. For discussion activities
and quizzes, the students answered using a special menu.

<« SMKN 4 BOJONEGORO... &« SMKN DANDER BOJON... - < SMKN 2 BOJONEGORO... —+

MATERIALS ~ UPDAT @ MATERIALS MATERIALS

SMKN 4 BOJONEGORO : SMKN DANDER SMKN 2 BOJONEGORO :
sl Eksperimen ﬂ BOJONEGORO : sl Eksperimen
K Eksperimen 3 )

MATERI MATERI

AATERI
TUGAS INDIVIDU TUGAS INDIVIDU
TUGAS INDIVID!

TUGAS KELOMPOK TUGAS KELOMPOK

DISKUSI DISKUSI

KUIS Kuis

Fig. 1. The Presentation of LMS Schoology

4.2 The effectiveness of mobile blended and conventional problem-based
learning on students' mathematical problem-solving skills

To analyze the effectiveness of MBPBL compared to PBL on students' mathematical
problem-solving skills begins with describing the results of normality tests and
homogeneity tests of experimental and control classes, then proceed to describe the
students' mathematical problem-solving skills before and after treatment. The pre-test
scores were used to determine the students' initial mathematical problem-solving skills
in experimental and control classes. In comparison, the post-test scores were used to
determine the students' mathematical problem-solving skills after being treated in the
experimental and control classes. The followings are the results of normality and
homogeneity tests.
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Table 9. The Results of Normality Test of the Students' Mathematical
Problem-Solving Skills

Kolmogorov-Smirnov*
Types of Data Groups

P roup Statistic af Sig.
Experimental 0.86 94 0.085

Pre-test
Control 0.85 94 0.090
Experimental 0.89 94 0.062

Post-test
Control 0.87 94 0.075

Table 9 shows the normality test results of pre-test and post-test analysis of both the
experimental and control classes. The sig values are > 0.05, so it can be concluded that
the data in this study are in a normal distribution. Whereas for the homogeneity test,
both for pre-test and post-test are presented in table 8 below.

Table 10. The Results of Homogeneity Test of the Students' Mathematical
Problem-Solving Skills
Types of Data Levene Statistic Sig.
Pre-test 0.000 0.994
Post-test 0.990 0.754

Based on Table 10, the results of the test show that each of the pre-test and post-test
sig values are>0.05 so that it can be concluded that each group has a homogeneous
variant. In conclusion, the requirements for the next analysis are fulfilled. The results
of the pre-test and post-test scores are presented as follows.

Table 11. The Pre-and-Post Test Scores of the Students' Mathematical
Problem-Solving Skills
Pre-test Scores Post-test Scores
Description Experimental Class Experimental Control Class

(MBPBL) Control Class (PBL)| - ¢y, (MBPBL) (PBL)
Number of Students 94 94 94 94
Maximum Score 90 90 100 95
Minimum Score 38 36 52 47
Standard Deviation 14.87 15.15 14.68 14.68
Mean Score 61.43 59.23 75.45 70.45

The results of the analysis in table 11, the mean score of the students' initial
mathematical problem-solving skills/before treatment in the experimental class is
61.43, and the mean score of the students' initial mathematical problem-solving
skills/before treatment in the control class is 59.23. Based on these data, it can be said
that the experimental class and the control class have almost similar initial abilities with
the difference of 2.20.

Meanwhile, the mean score of post-tests of the students' mathematical problem-
solving skills (after treatment) in the experimental class (MBPBL) is 75.45; and in the
control class (PBL) is 70.45. This shows that both classes have different mathematical
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problem-solving skills, with a difference of 5.0. Then, to determine whether or not there
is a significant difference in post-test mean scores in the experimental and control
classes, an independent sample t-test was done. The results of the independent sample
t-test using the SPSS program are presented in table 10.

Table 12. The Analysis of Post-Test Mean Scores (The Students' Mathematical
Problem-Solving Skills after Treatment)

Types of Data Sig. Value a Conclusion

Ho is rejected, meaning there is a significant difference

Post-test 0.015 0.05 between experimental and control groups

After the independent sample t-test was conducted, the N-Gain score was employed
to analyze the increase of the students' mathematical problem-solving skills in the
experimental class and the control class. The N-Gain score analysis was done by using
the SPSS program. The following is the result of the N-Gain score analysis.

Table 13. Descriptive Statistics (N-Gain Score)
Experimental Control
Statistics Std. Error Statistics Std. Error
Mean 44.07 2.23 31.96 1.42
95% Confidence |{Lower Bound 39.64 29.14
Interval for
Mean Upper Bound 48.51 34.78
Std. Deviation 2.17 1.38
Minimum Score 22.58 15.22
Maximum Score 100.00 79.17
Table 14. The Categorization of N-Gain Score
Percentage (%) N-Gain Score Category
N-gain >70 High
30<g=<70 Moderate
N-gain <30 Low

(Source: [43])

Table 13 shows that the percentage of N-Gain scores in the experimental class is
44.07, and for the control class is 31.96. Based on the categorization guidelines
proposed by [43], which is presented in table 14, the percentage of the N-Gain score in
the experimental class is moderate. In conclusion, learning with MBPBL applied to the
experimental class is more effective than PBL learning applied to the control class.

4.3  The students' responses on the implementation of MBPBL

To reveal the students' responses to the implementation of MBPBL in mathematics
learning, the researchers used a questionnaire distributed to 94 students. The
questionnaire contains some statements related to students' responses to the learning
process. The results are presented as follows:
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Table 15. The Results of Questionnaire Distribution

No. Statements Agree Disagree

I like to learn mathematics by using a combination of face-to-

0, 0,

! face and online learning compared to face to face learning fully 80% 20%

5 Schoglogy is an exciting media which can be used to facilitate 75% 25%
learning in schools

3 MBPBL learning model makes me responsible and discipline to 80% 20%
do the tasks

4 MBPBL l§am1ng model gives me a new experience in learning 65% 359%
mathematics

5 I can save my time to do the tasks through Schoology learning 65% 359
apps

6 MBPBL learning model facilitates me to access learning 85% 15%
materials

I can improve my understanding of mathematics by learning
7  |through e-books and YouTube videos uploaded in Schoology 85% 15%
learning apps

I prefer to do the tasks and submit them through Schoology

8 learning apps rather than face-to-face in class 80% 20%

9 |MBPBL learning model can improve my self-confidence 85% 15%

10 [MBPBL learning model can reduce my mathematics anxiety 87% 15%
Mean 78,7% 21,3%

The questionnaire above revealed that 78.7% of respondents agreed with all
statement items proposed in the questionnaire. It means that most respondents showed
their positive responses to the implementation of MBPBL in mathematics learning. The
statement items that got the highest score were number 10, in which 87% of respondents
agreed that MBPBL can reduce their mathematics anxiety. Then, it goes to statements
numbers 6, 7, and 9. 85% of respondents agreed that MBPBL can ease them to access
learning materials and agreed that E-materials (such as e-books and YouTube videos)
could improve their understanding of mathematics.

Further, MBPBL also can improve their self-confidence. The lowest score goes to
statement number 4 and 5, in which only 65% of respondents agreed that MBPBL gives
them a new experience in learning mathematics, and the use of Schoology Apps can
save their time in doing tasks. But, overall, the respondents positively responded to the
implementation of MBPBL. In addition, the following findings for the PBL class are
the answers of students to PBL learning.
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Table 16. The Results of Questionnaire from PBL Class

No. Statements Agree Disagree
1 |l like PBL learning 53% 47%
2 |Whatsapp is an alternative media for learning in schools 65% 35%
3 |PBL raises my responsibility to do the tasks 45% 55%
4  |PBL gives me new experience of learning mathematics 46% 54%
5 |All tasks should be submitted in a printed form 45% 55%
6  |Books and worksheets make learning easy 55% 45%
7  |Books and worksheets could improve my understanding in learning 55% 45%
3 {)\%Zf:; g)pj;l;::iilt my task in a printed form than submitting it via 47% 3%
9  |PBL raises my self-confidence 60% 40%
10 |PBL reduces students' mathematics anxiety 40% 60%

Mean 51% 49%

The top score was in point number 2, 65 percent of the students agreed that
WhatsApp media was an alternative media in school education. Then, point number 9,
which is that 65 percent of the students agreed if PBL implementation could gain their
students' confidence. On average , students often agree partly to statements 1, 6, and 7
and enjoy studying PBL. Based on the above questionnaire findings, 51% of
respondents agreed with the questionnaire's items based on the indicators that some
students replied to PBL lessons positively.

4.4 Interview results

To deeply investigate the students' responses to the implementation of MBPBL, the
researchers also conducted in-depth interviews with students. The followings are the
interview excerpts.

The 1st Informant: This 1% Informant was represented by the student who has high
mathematical problem-solving skills.

R = Researcher, S = Student

R : What do you think if blended learning (the combination of online and offline)
is implemented in mathematics learning like what we have previously done?

S : Yes, sir. I would be very happy because it can facilitate me in learning and
submitting the tasks. It can also motivate me, because the learning is done in various
ways. So that it is not monotonous and can reduce our boredom.

Even though the 1% Informant is a student with high mathematical problem-solving
skills, he feels bored if it is done traditionally (face-to-face meeting). He states that with
online learning, it can make him more motivated in learning mathematics.

R : Do you agree if blended learning is also implemented in other subjects?

S : Yes, of course. I do agree with it. Because blended learning, as we have
previously done, is impressive. I become more motivated and disciplined in doing
the tasks.

The 1st informant agrees if blended learning is also implemented in other subjects
from the interview excerpt above.
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R : Could you understand the learning materials which are presented through
blended learning easily?

S 1 think, yes. I could learn from e-books, which contain more examples of
questions. Further, I also like to learn materials given through YouTube videos. 1
could re-watch the videos many times until I understand the materials.

The 1% informant also asserts that he could easily understand the learning materials
since the e-books and YouTube videos uploaded in the Schoology provide more
examples of the materials.

R : Do you feel anxious about online learning?

S : Not at all. On the contrary, if I learn in class through a face-to-face meeting,
1 often feel nervous and anxious. Online learning provides us much more time to find
a solution to our problems, and we do not meet face-to-face with other students so
that it can make me enjoy learning.

The 1% informant, who is a student with high mathematical problem-solving skills,
also states that he feels more anxious if he learns in a face-to-face meeting.

The 2nd Informant: This 2nd Informant was represented by the student who has
moderate mathematical problem-solving skills.

R : Do you like mathematics subject? What about the blended learning method
that we have previously done in mathematics class?

S : Yes, of course. I like Mathematics, even though I also sometimes find it
difficult to learn and do the tasks. But it is a challenge for me. I also like the blended
learning method that had been implemented in mathematics class. I got a new
experience, and it makes me more discipline to learn.

From the 2nd informant, it was revealed that he loves mathematics subject even
though he sometimes finds difficulties in doing mathematics task. However, he feels
challenged by the difficulties he finds. He also asserts that blended learning gives him
a new experience and make him more disciplined to learn.

R : How if the blended learning method is implemented in all subjects? Do you
agree with it?

S : Sure. I do agree with it. Because I think online learning makes me easy to
learn.

Further, he also states that blended learning method is feasible to be implemented in
other subjects since it makes him easy to learn.

R : Did you find difficulties in understanding the learning materials delivered by
teachers in blended learning?

S : Yes, sometimes. Then [ would re-read the materials several times and re-
watch the videos until I understand the materials.

From the interview excerpt above, it is found that the 2" informant always read the
materials for several times when he finds the topic is difficult.

R : Why did you never ask questions or give your opinion in the class during
Jface-to-face learning? But, on the contrary, in online learning, you often raise
questions and give opinions.

S :If I learn in the class, I feel ashamed with my friends, and I am afraid of
making mistakes.
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The interview excerpt above reveals that online class can reduce the students'
shyness and fear to raise questions during the learning process as the 2™ informant feels.

The 3rd Informant: This 3™ Informant was represented by the student who has low
mathematical problem-solving skills.

R : Do you like mathematics subject?

S : Honestly, I do not really like it, (smiling....... ) Because I often get difficulties
in learning mathematics.

The interview excerpt above shows that the 3™ informant does not like mathematics,
since he often gets difficulties in mathematics lessons.

P : Then, how about the implementation of blended learning in mathematics
class like what we have previously done? Do you like it or not?

S : Yeah, basically, I like blended learning in mathematics class. Online
learning leads me to be an independent learner, so that I feel more confident.

The excerpt above shows that the 3™ informant basically likes blended learning
method which was implemented in mathematics class because online learning trains
him to be an independent learner.

P : One of the topics discussed in blended learning was an arithmetic
progression, could you understand it?

S : Yes, [ understood the topic of arithmetic progression, but I still get confused
with the topic of geometric series, so that I need to re-read the materials several
times.

The excerpt above shows that when the 3rd informant does not understand with the
learning materials, he reads the materials several times.

P : Do you often feel anxious if you are asked to do the task of mathematics in
front of the class?

S : Yes, of course. I am afraid of making a mistake and ashamed of my friends.
The interview excerpt above reveals that the 3™ informant is afraid of making

mistake and feels ashamed with their peers when he is asked to do the task in front of
the class. It means that face-to-face learning leads more anxiety for students.

5 Discussion

5.1 Is the implementation of MBPBL learning model more effective than
conventional PBL?

Based on the results of this study, it is revealed that there is a significant difference
of students' mathematical problem-solving skills between those who were taught by
using MBPBL and those who were taught by using PBL. Furthermore, based on the N-
Gain test results, it can be concluded that the MBPBL learning model is more effective
than PBL learning to teach mathematical problem-solving skills. This study's results
are in accordance with [44], which states that blended-PBL is better than conventional
PBL. Another study investigated about PBL also revealed that it has some weaknesses,
such as it requires a lot of time allocation compared to traditional learning [11], [12]
and it does not provide a significant effect if it is applied in a short time [12]. MBPBL
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is more effective than PBL because the learning steps of MBPBL provide an ample
space for students to do problem analysis, understand the material, learn independently,
and do assignments. In addition, MBPBL learning steps are also in accordance with the
theory of constructivism. Learning occurs through the results of building a knowledge-
based experience, where learning aims to make students actively build their knowledge
[45].

MBPBL learning model is a combination of Mobile Learning (ML), Blended
Learning (BL), and Problem-Based Learning (PBL), all of which have a theoretical
foundation. Specifically, blended learning does not have specific learning steps. In this
study, mobile learning is an intermediary medium for learning activities, and the
learning steps of MBPBL were developed and modified from PBL learning steps.
However, the development and modification of MBPBL learning steps are not a
problem because blended learning requires a learning model that guarantees its
effectiveness in online learning [46]. This development and modification can create a
new variation of PBL, which is by the integration of online learning [47]. Blended
learning and PBL support each other in the learning process either face to face or online
[34]. Dealing with the integration of mobile learning (mobile device in an online
learning), several studies reveal its positive impacts on students' achievement [48]-[51].
A study conducted by [48] reveals that mobile devices, such as tablets and computers,
will significantly affect students’ students' achievement if they are integrated to the
learning process frequently.

MBPBL is also effective in developing students' knowledge so that they have good
mathematical problem-solving skills. The students who were taught by using MBPBL
could learn independently or in group learning because PBL is a holistic learning model
in which there is a combination of several approaches and learning methods [52]. In
addition, MBPBL learning also gives students experience to learn in analyzing
independent or group findings through online discussion and face-to-face, so that it can
train students to interact socially because social interaction is also the basis in
developing students' cognition.

The focus of the study lies in the integration of mobile phones with blended learning
and PBL syntax. This involves the students' abilities for learning and their flexibility in
learning and their expertise in using mobile phones in learning. In addition, based on
the outcomes of student response questionnaires and interviews, the highest proportion
of questionnaire statements can be found in Statement 10, which is about the decrease
of students' anxiety during mathematics learning and their nervousness of being
laughed by their peers.

The challenge encountered during the implementation of MBPBL learning in this
study was related to LMS use. While students had demonstrated and practiced at the
beginning of the meeting, they still found some difficulties utilizing the LMS.
Consequently, some students made mistakes by misplacing their comments during the
discussion. However, the problems were fixed after the students have regularly used
the LMS.
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5.2  How do students respond to MBPBL learning?

Learning that has been carried out also needs to be assessed or evaluated. One of the
assessments is done by giving students questionnaires to assess related to learning that
has been carried out. Students' responses to the implementation of learning are needed
because learning is a complex process involving teachers and students. Students'
responses to learning can influence the effectiveness of learning. Therefore, students'
responses to learning mathematics through MBPBL are needed to know to reveal
whether or not the model is accepted as an introduction to learning.

The students' attitude towards MBPBL learning in mathematics also shows a positive
response. One of the reasons is the integration of mobile devices in an online learning.
This is relevant with the study conducted by [53], in which he asserts that the majority
of students have positive opinions about mobile devices integrated in online learning.
There is no gender and age difference dealing with this opinion. In addition, [54] reveals
that pre-service teachers have the most impact on their decision to implement mobile
learning, followed similarly by the perceived simple use of the utility of mobile learning
in teaching.

Further, when the learning process took place, the students were also engaged in
learning by expressing their opinions, asking questions, and group discussions. This
can be observed when students learn in an online class and face-to-face classes. The
students who were passive during the face-to-face classroom became active during
online classes by expressing opinions or asking questions. In addition, some students
feel scared, anxious to work in front of the class in a face-to-face class. On the contrary,
in the online class, they were happy and active to join the lesson. This is because of the
comfortable learning environment in the online class. These findings are in accordance
with the study conducted by [38]-[42], in which they state that students who are
ashamed tend to participate more actively in online learning than in face-to-face
learning. Based on the questionnaire about anxiety, it is revealed that 87% of the
students agreed that MBPBL learning could reduce their anxiety. Students' attitudes
towards MBPBL learning are also influenced by the learning atmosphere that makes
them feel comfortable both in face-to-face and online learning. The students who can
utilize information technology well, their motivation, and self-confidence are
increasing [47].

Based on the questionnaire results distributed to students, generally, 78.7% of the
students stated a positive response to MBPBL. This means that the MBPBL learning
model is well accepted as a learning model. Therefore, the MBPBL learning model
needs more attention in some aspects, such as how students learn and how students
respond to the online learning environment because everyone has different learning
styles. Students' learning styles in the online environment are also necessary to be
identified to develop further online learning.

6 Conclusion

This study concludes that MBPBL can be implemented and accepted as a learning
model, enhancing the students' mathematical skills and reducing their anxiety. Further,
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the MBPBL learning model is more effective than traditional PBL. Besides, students'
response to the implementation of the MBPBL learning model in mathematical learning
has been positive. This study's results support the implementation of mobile device-
aided learning, including the use of mobile learning devices. Teachers and students can
study everywhere and anywhere on their mobile device. This research study also
showed some significant results for integrating mobile devices into blended learning
with PBL syntax due to the flexibility in accessing the mobile devices and improved
student abilities in the use of mobile devices in learning, as well as training students in
doing the tasks with confidence.

This research is, however, limited to mathematical learning in a blended learning
context. Therefore, other researchers are suggested to perform future research in the
context of purely online learning. The findings of this research will be used to support
educators and decision-makers with their practice. Understanding the issues raised in
implementing and integrating mobile technology in their schools and instructional
methods for greater adoption through effective efforts and interventions. Furthermore,
this study recommends that teachers of mathematics or non-Mathematics and
subsequent researchers incorporate external factors such as school curriculum, school
regulations concerning mobile phone to students, good Internet connectivity, family,
etc. to achieve course learning outcomes.
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