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Applied Mathematics is a basic skill that determines the success of students
in pursuing their education in the Department of Mechanical Engineering.
Besides having to understand concepts and be able to solve cases according
to the topics taught, students are also required to be able to solve
mathematical engineering problems in the application of mechanical
engineering. This makes it a difficult subject for the majority of students.
This difficulty is overcome by applying blended learning. This is done by
integrating curriculum design with strategy and use of learning technology so
that innovation and teaching excellence are formed to support the learning
process of students. Learning strategies that can be applied include
explanations of concepts, problem-based learning, problem-solving and case
discussions. This learning strategy is supported by multimedia technology
and internet-based, namely video tutorials, discussion of material and
examples of online-based cases and online discussion forums. The process of
face-to-face learning in class is still being carried out. The key to the success
of this learning lies in the ability to create interactions between students and
fellow students, with teachers, with the community, with the material with
the use of existing technology.

2454-2261 ©Copyright 2019. The Author.

This is an open-access article under the CC BY-SA license
(https://creativecommons.org/licenses/by-sa/4.0/)

All rights reserved.

Author correspondence:
| Gede Made Karma,
Accounting Department

Politeknik Negeri Bali, Badung, Indonesia.

Email address: igmkarma@pnb.ac.id

2 Politeknik Negeri Bali, Badung, Indonesia
b Politeknik Negeri Bali, Badung, Indonesia
¢ Politeknik Negeri Bali, Badung, Indonesia

16


https://sloap.org/journals/index.php/irjeis/
https://portal.issn.org/
https://doi.org/10.21744/irjeis.v5n5.726
https://creativecommons.org/licenses/by-sa/4.0/
http://crossref.org/crossmark/

IRJEIS ISSN: 2454-2261 17

1. Introduction

The existence of information technology has facilitated the teaching process which has created a new space
which is better known as e-learning (Ellis & Goodyear, 2013; Sife et al., 2007). E-learning is a learning media that
utilizes the use of computers, or electronic equipment such as smartphones (Altbach & Knight, 2007; Laurillard,
2005). In the education process, the application of e-learning can be focused on the needs of students and not on the
needs of instructors, or educational institutions (Pande et al., 2016; Subramanian, 2016; Ginaya et al., 2018).
Unfortunately, e-learning only focuses on the presentation of physical classroom-based learning content via the
Internet and tends to be a repetition or compilation of an online version of a class-based course (Singh, 2003). E-
learning focuses more on incorporating new technological features and exploring software standards than on efforts
to find solutions to psych pedagogical problems (Alonso et al., 2005b).

Various approaches, models and frameworks that can be applied in analyzing, designing, developing,
implementing, and evaluating the learning process. Another thing that should also be noted is related to efforts to
increase participation and motivation, which ultimately relates to student success (Czerkawski & Lyman, 2016).
More and more educational institutions are using technology to increase student participation and flexibility in
learning. Integrating face-to-face classes with the use of technology, such as voice / visual conferencing and the
virtual world, can influence student learning activities and outcomes (Bower et al., 2015).

By adopting web-based education and learning through learning management systems (LMS), it is possible for
universities to open courses on-campus or off-campus (Samarawickrema & Stacey, 2007). The use of LMS has a
significant effect on student satisfaction (Ozkan & Koseler, 2009). Distance education, which is part of distributed
learning, focuses on students who are separated by time and space from their friends and instructors. Distributed
learning provides greater flexibility and eliminates time as a barrier (Rennie & Morrison, 2013), and is best suited to
accommodate the need for learning (Sun et al., 2008). The integrated learning model by utilizing e-learning that is
applied in the world of education turns out to have a positive impact on increasing student motivation which at the
same time has a good impact on improving learning outcomes (Alkhalaf et al., 2012; Tambunan et al., 2018).

Those who have grown up with interactive technology are not always comfortable with the approach of

transmitting information from lectures. Students expect relevant and interesting learning experiences (Garrison &
Vaughan, 2012). It is not surprising that lately, students are more receptive to learning material in the form of
podcasts (digital multimedia files available on the Internet, which can be downloaded and then played on media
players, either on computers or smartphones) than lectures or traditional textbooks (Evans, 2008).
To make e-learning more effective, it must be combined with other forms of learning such as face-to-face learning.
This combination leads to a new methodology called blended learning. This mixed learning has proven to be the
most effective learning system (Azizan, 2010; Mahayukti et al., 2017). There is increasing interest in the concept of
blended learning as evidenced by more books, journal articles, and trade magazine articles that directly address
issues related to blended learning (Graham, 2011; Widana et al., 2018). Blended learning refers to the various
possibilities presented by combining the Internet and digital media with an established classroom form that requires
the physical presence of teachers and students (Friesen, 2012). Literally, we can translate it as "mixed learning" and
the novelty of the term is not in accordance with the tradition of practice it contains (Bartolomé, 2004). It is
important to balance online access to human knowledge and face-to-face interaction on the development of blended
learning (Graham & Dziuban, 2008; Suweken et al., 2017).

2. Materials and Methods

There is increasing use of blended learning, which is the convergence between online and traditional teaching
which has become a trend in academics (Cohen, 1998; Sanchez & Garcia, 2019). Blended learning is learning based
on various combinations of face-to-face learning, learning via the Internet, and learning supported by other
technologies, which aim to create the most efficient learning environment (Hoic-Bozic et al., 2009). Blended
learning offers ideas and practical suggestions on how to use technology to improve and support the learning process
(Tyley, 2012). Blended learning also combines other elements such as online and traditional learning environments,
technology and media for learning content delivery, different teaching and learning methods (both online and
traditional), group and individual learning activities, and synchronous and asynchronous interactions (Alonso et al.,
2005a; Thorne, 2003). The aim is to choose a mix that will greatly motivate students, and assist them in successfully
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mastering the course (Johnson & Aragon, 2003). There was a statistically significant improvement in student
performance under the blended learning approach (Kiviniemi, 2014). Improved performance, attendance, and
satisfaction with learning outcomes due to the implementation of blended learning show that this new learning model
is very suitable to be applied (Stockwell et al., 2015).

Mastery in computer operations, expectations for results, system functionality, learning materials, interactions
with material providers and other participants, and the learning climate are the main determinants of learning
satisfaction. This can be used as a guide in planning and implementing blended learning (Wu et al., 2010). The
framework for adopting blended learning as an institution includes 3 (three) stages, namely exploration, adoption,
and implementation (Porter et al., 2014). This framework also identifies the main strategies, structures, and support
issues that can be addressed by the university at each stage.

In the implementation of blended learning, there are 3 (three) components that need to be considered. These three
components are curriculum design, teaching strategies and integration of technology application (Garrison &
Vaughan, 2012). Consideration and integration of these three components are expected to be able to get the
advantages of teaching and innovation in supporting student learning, as shown in Figure 1.

Teaching
Excellence and

Innovation in
Support of

Student
Learning

Figure 1. Integrating three components in blended learning implementation

The application of blended learning should begin by considering various construction of blended learning that
enables learning that is centered on lecturers or students. Furthermore, the learning design is directed centered on
students for certain topic units. After being evaluated, this design is then developed into a mixed methodology that
emphasizes more on the activeness and independence of students, so that the success of learning is the responsibility
of students (de George-Walker & Keeffe, 2010). To succeed in the implementation of a mixed learning program,
alignment of institutional, faculty and student goals are needed. Reliable and strong infrastructure must be in place to
support students and teaching staff, and ongoing evaluations need to be carried out to determine the impact of
applying blended learning (Moskal et al., 2013; Mahendra, 2016).

3. Results and Discussions

Based on the education curriculum, each lesson is required to have 2 (two) competencies, namely core
competencies, and basic competencies. Core competence is the level of ability to achieve graduate competency
standards that must be possessed by a student, while basic competence is the ability and minimum learning material
that must be achieved. Core competencies include 4 (four) competencies, namely (1) spiritual attitude competencies,
(2) social attitudes, (3) knowledge, and (4) skills. The competency is achieved through curricular, co-curricular
and/or extracurricular learning processes. On the other hand, the determination of basic competencies refers to core
competencies.

The competence of spiritual attitude and social attitude is achieved through indirect learning, that is the example,
habituation, and school culture by paying attention to the characteristics of the subjects, as well as the needs and
conditions of students. Growth and development of attitude competencies are carried out throughout the learning
process and can be used as teacher considerations in developing the character of learners further.

Knowledge competence emphasizes the ability to understand and apply knowledge (factual, conceptual, and
procedural) based on curiosity in science, technology, art, culture related to visible phenomena and events. Skills
competence is related to the ability to process, reason, and serve in the realm of concrete and abstract domains
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related to the development of what they learn in school independently, to act effectively and creatively, and to be
able to use methods according to scientific principles.

Mathematics lessons, in general, are subjects that are not liked and feared by students. This is because this lesson
is not easy and difficult to learn. For students to get the understanding as expected, it is not uncommon for lecturers
to explain a topic and discuss a case repeatedly. On the other hand, mathematics is a basic lesson, which must be
mastered by students to support other subjects. Besides having to understand various concepts, students are also
required to be skilled in solving various cases and of course must be able to apply or implement them in the problems
they face.

The process of face-to-face learning in class, for some students, is boring and considered difficult to follow.
Although often used for teaching concepts or understanding, it is often considered less effective. Sometimes,
experienced lecturers are able to arouse students' active roles during class time. Time constraints sometimes also
become obstacles, so some material is not delivered, or even the level of student achievement is not as expected. The
way out taken by the lecturer is to give assignments, both individual or group assignments. For students who already
understand when taught, certainly not a problem. A big problem for those who have not or do not understand the
material that has been taught. Therefore, it is necessary to find a solution to this problem.

Every person has a different way and time of the study. Some like to read, hear or watch simulations or
movements. Some immediately understood and understood even though it was only explained once. Some have to be
explained many times, but it's still difficult to understand. Some of them explained that they understood, but there
were also steps that needed to be shown. In essence, everyone has a different approach. For this reason, various
approaches and methods need to be prepared, so that the expected goals can be achieved.

One approach that can be applied to overcome various problems and difficulties in this learning process, and at
the same time improve the achievement of learning outcomes is by implementing blended learning. There are three
things that must be prepared in the implementation of blended learning, namely curriculum design, teaching
strategies and integration of technology application (Garrison & Vaughan, 2012). Curriculum design is related to the
elaboration of subject matter into topics that must be taught to achieve learning objectives in accordance with
specified competencies. At the same time also prepared teaching strategies that will be applied by teachers when
delivering material in class. Also consider the use of technology that can help the learning process, as well as to
provide alternative learning and independence for students in learning.

To increase the strength and success of the implementation of blended learning in the learning process, there are
5 (five) things that must be considered in preparing the model (Bailey et al., 2013). These five things relate to student
interactions, that is with other students, lecturers, communities, teaching materials, and technology. In preparing this
learning model with blended learning, the five interactions must be possible to be applied to the learning process.
The learning process is no longer the responsibility of a lecturer alone, but rather a shared responsibility, especially
by students. However, the roles and tasks of lecturers become even greater, because they are required to be able to
create an atmosphere and environment of an interesting learning process and give an active role to students. The
implementation of the blended learning model and the interactions expected to occur from this learning process can
be illustrated in Figure 2.

Internet based:

* Video tutorial

* Explanation of topics and
case examples

 Discussion forums

Figure 2. Interaction and blended learning implementation model

By increasing the question and answer session or discussion, the interaction between students and lecturers can be
built properly. Interaction can be initiated by lecturers by asking questions to students during lectures or giving
students the opportunity to ask questions. When there are students who ask questions, it's a good idea for lecturers to
give other students the opportunity to try to answer first. Or the lecturer gives the opportunity for students to discuss
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the answers to the questions given. In this situation interaction has been created between students and lecturers and
students and other students. Learning strategies that are suitable for this case are concept learning, problem-solving
and case discussion.

To provide more understanding or repetition of learning independently, the learning process can be
complemented with video tutorials and discussion of material and case examples. In the past, video tutorials were
common in the campus library. Likewise with textbooks and case practice questions, though of course they can also
be owned by students themselves. With the development of technology, especially the Internet, all of this material
can be provided online. Students can access it anytime, anywhere, according to the conditions. With existing
technology, it is also possible to form an online discussion forum. This forum can be used for mutual discussion,
guestions, and answers on certain issues for certain communities.

Applied Mathematics courses in the Department of Mechanical Engineering Politeknik Negeri Bali consists of 2
levels, namely Applied Mathematics | and Il which are taught in semester 1 and semester 2. The expected learning
outcomes of this course are able and skillful using concepts, mathematical knowledge as a foundation to analyze,
formulate and solve mathematical problems that arise both in the field of mechanical engineering and in everyday
life. These learning outcomes are further translated into a number of expected final abilities, which must be achieved
by students. Each final ability is associated with a number of topics/materials that will be studied during 16 meetings

in one semester, including the midterm and final exams.

Table 1

Topic, teaching strategies and technology integration on applied mathematics subject |

Week  Topic Teaching Strategies Technology Integration
1-2 Intoduction to Application e Demo program Application software operation
Software e Case study tutorial video
simulation
3 Real number systems: powers, e Understanding of ¢ Video tutorial on real number
roots, and logarithms concepts operations
e Problem-based ¢ Video tutorial on power rule
learning ¢ Video tutorial on roots
¢ Solution to problem e Video tutorial on logarithms
o Case discussion ¢ Explanation of topics and case
examples online
¢ Online discussion forums
4-6 Equations ¢ Understanding of ¢ Explanation of topics and case
concepts examples online
¢ Solution to problem e Online discussion forums
e Case discussion
7-8 Relation and Function e Understanding of e Video tutorial on relation and
concepts function
e Solution to problem e Explanation of topics and case
o Case discussion examples online
¢ Online discussion forums
9 Midterm Exam
10-12  Fundamentals of geometry ¢ Understanding of e Video tutorial on the
concepts fundamentals of geometry
o Case discussion o Explanation of topics and case
examples online
¢ Online discussion forums
13 Geometry e Understanding of e Video tutorial on geometry
concepts ¢ Explanation of topics and case
o Case discussion examples online
¢ Online discussion forums
14-15  Trigonometric basics, sine and e Understanding of « Video tutorial on trigonometric
IRJEIS Vol. 5 No. 5, September 2019, pages: 16~25
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cosine rules, trigonometric concepts ¢ Explanation of topics and case
equations, graphs of trigonometric e Solution to problem examples online
functions e Case discussion e Online discussion forums

16 Final Exam
Table 2
Topic, Teaching Strategies and Technology Integration on Applied Mathematics Subject II
Week  Topic Teaching Strategies Technology Integration
1-2 Limit and Continuity ¢ Understanding of o Explanation of topics and case
concepts examples online
e Solution to problem ¢ Online discussion forums
o Case discussion
3-6 Differential and derivative e Understanding of e Video tutorial on differential and
functions of algebra concepts derivative functions
¢ Problem-based e Explanation of topics and case
learning examples online
¢ Solution to problem ¢ Online discussion forums
o Case discussion
7-9 Partial Differential e Understanding of e Video tutorial on partial
concepts differential
¢ Problem-based e Explanation of topics and case
learning examples online
e Solution to problem ¢ Online discussion forums
o Case discussion
10 Midterm Exam
11-13  Integral ¢ Understanding of ¢ Explanation of topics and case
concepts examples online
¢ Problem-based e Online discussion forums
learning
¢ Solution to problem
o Case discussion
14-15  Definite Integral ¢ Understanding of ¢ Explanation of topics and case
concepts examples online
¢ Problem-based ¢ Online discussion forums
learning
e Solution to problem
o Case discussion
16 Final Exam

Tables 1 and 2 show that concept understanding, problem-based learning, problem-solving and case discussion are
dominant learning strategies applied to learn applied mathematics. This strategy is commonly applied in traditional
face-to-face learning but is felt to be unable to reach the learning objectives to the maximum. To improve learning
outcomes, blended learning is implemented by integrating traditional face-to-face learning with technology-based
learning, specifically the Internet and multimedia. This integrated learning consists of offline and online learning.
Offline learning is done traditionally in the classroom, while online learning is done by utilizing the Internet, so it
can be accessed anywhere and anytime. This online learning consists of video tutorials, discussion of material and
case examples, and discussion forums. In addition to the material that can be prepared by the lecturer, this online
material can also be linked to existing material related links.

No matter how good and perfect the learning process has been prepared, in the end, the key to success lies
entirely in the students themselves. Students are required to be active and independent. The role of the lecturer is
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simply to ensure that the objectives of the learning process are well achieved. Evaluation and monitoring must
always be carried out, both in the process and in learning outcomes.

4. Conclusion

The learning process of Applied Mathematics in the Mechanical Engineering Study Program in Politeknik Negeri
Bali is generally required to be able to provide an understanding of various concepts according to the topics taught,
able to solve various related problems and at the same time be able to apply in various technical problems in the
engineering field. Repeated learning is needed and is equipped with various case examples and discussion. The
blended learning model is very suitable to be applied, by integrating traditional face-to-face learning with multimedia
and online-based learning. To gain excellence and innovation from this blended learning, planning, consideration,
and integration of curriculum designs are needed in relation to the topic that must be taught, learning strategies that
are appropriate to the topic, and integrating it with existing technology, especially the Internet.
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