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Abstract. Student worksheet is one of the learning media that lecturers can use to convey
subject matter to students in the learning process. It is provides an overview of the subject
matter of the lecture and can assist students in preparing the material to be presented. The
purpose of this research is to develop student worksheet based on collaborative learning model
in learning course of numerical methods. This study uses a design of research and development
that refers to the Plomp model which is consisting of three phases, i.e. preliminary research,
prototyping phase, and assessment phase. Based on the validation results, it can be concluded
that the developed student worksheet are worthy of use, but still need to be refined. The
student's response to the use of worksheets in lectures is good.

1. Introduction

Learning is an interaction process between students and teachers and learning resources in a learning
environment. Learning can run effectively if it is supported by an appropriate learning model. That
means by using learning model can develop student’s hard skills and soft skills. Hard skills are
technical abilities related to the field of knowledge, while soft skills are a person's ability to organize
themselves and interact with others. The existence of hard skills must be accompanied by the existence
of soft skills because by having balanced hard skills and soft skills, someone become a competent and
qualified person. The ability of hard skills and soft skills are very important to be developed in the
learning process, especially learning at the college level. This ability is a learning outcomes that
established in college level because this is very useful in the work environment that will be undertaken
by students.

Regarding this ability, students in lectures not only master every subject but also able to develop
existing soft skills, such as the ability to build communication with other people and the ability to
work in a team. Therefore, a learner in the learning process is expected to be able to explain subjects
orally not only writing. So the students can develop their ability to communicate and express opinions
accompanied by appropriate arguments. In addition, students are also required to be able to cooperate
and respect the opinions of others and be responsible for solving a problem.

Learning model that can be applied to support the achievement of learning outcomes is
collaborative learning. The concept of collaborative learning is largely rooted in Vygotsky's social
constructivism theory which views learning as a social process that is inherently activated through a
zone of proximal development [1]. This view highlights how mediated learning is in accordance with
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the context and experience with peers because when individuals work collaboratively with more
capable peers, the level of potential development will increase.

A learning practice only qualifies as collaborative learning when these following elements are met,
i.e. positive interdependence, considerable promotive interaction, individual accountability, social
skills, and group processing [2]. Interaction among student are expected to occur, that would trigger
other element of collaborative learning to occur. The ways to increase possibility of interaction can be
done by designing an activity that can improve students' conceptual understanding. To create an
effective activity requires the existence of resources that can be used to convey messages to students in
the learning process. That resource is teaching material, one of which is a worksheet. According to
Lee’s study, worksheets are one of the most frequently used materials that play important roles in
effective teaching practices [3].

Worksheets are written materials consisting of individual activities which the students will do
while learning a topic and also will enable the students to take responsibility for their own learning
with the given process steps related to these activities [4]. Worksheets facilitate the transfer of learning
material and of course can also help in preparing the material to be presented. In addition, the use of
worksheets can make learning more effective and will lead to interaction when the students solve the
task.

The use of worksheets will be very useful in learning, especially in complex subjects and has a
wide range of material as well as numerical method course. The numerical method is a subject that
contains a fairly complex concept where numerical methods involve a variety of methods to solve a
mathematical problem and each method has its own algorithm which requires many iterations.
Therefore, it is necessary to have collaboration between students and students with lecturers to be able
to understand the concepts in this course. Based on the benefits of using worksheets, it is necessary to
develop an appropriate worksheets in order to support the implementation of collaborative learning in
numerical method course. This study aims to develop a student worksheet and describe the quality of
1t.

2. Methods

The research design was development research which refers to the Plomp model which consists of
three phases, i.e.: (1) Preliminary research which includes analysis of needs and context, theoretical
and literary studies, and developing a conceptual framework; (2) Prototyping phase which includes
design and development. In the design stage, the prototype was prepared. Then in the development
phase, prototype development is carried out through formative evaluation; (3) Assessment phase
which includes assessment to determine the feasibility, practicality, and effectiveness of worksheets
based on the results of limited trials [5].

This research was conducted from January to August 2016, located at IKIP PGRI Bali, especially
in the mathematics education department. Subjects in this study were students who followed numerical
method course. The instrument used consisted of a validation sheet to measure the validity, a response
questionnaire to measure the practicality, and a learning outcome test to measure the effectiveness.

3. Results and Discussion
The result of research on the development of student worksheet based on collaborative learning
models in numerical method course:

3.1. Preliminary research

Needs and context analysis in the preliminary research shows that there are obstacles in lecturing
numerical methods where the concept of numerical methods is quite complex involving various
methods to solve a mathematical problem and each method has its own algorithm which requires
many iterations, so students often get confuse in how to use the method. In addition, the source book
used usually has a wide range of material so it is difficult to learn by students. Therefore, teaching
materials are needed that can organize the activities of students in learning and to help students know
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the scope and description of the material. The right teaching materials are student worksheet that has
several benefits including being a learning guide, helping to find concepts, and helping to implement
and integrate various concepts. The lack of available numerical method worksheet is one reason for
the development of student worksheet.

Theory and literature study in the preliminary research was carried out to find out the scope of the
material and the learning outcomes of the numerical method course. Learning outcomes of numerical
method course, that is: (1) students are able to master the theoretical concepts of mathematics related
to numerical methods; (2) students are able to apply logical, critical, and systematic thinking in
understanding the theoretical concepts of numerical methods and their use in solving mathematical
problems; (3) students are able to demonstrate independent performance and a sense of responsibility
in applying theoretical concepts of numerical methods in solving problems. This learning outcomes
was then revealed to be a sub learning outcomes contained in each topic of numerical methods. Some
of the topics that will be developed in the worksheets are: (1) numerical methods to determine the
solution of non-linear equations; (2) numerical method to determine the solution of a linear equation
system; (3) interpolation method; (4) numerical integration methods; (5) numerical methods for
determining the solution of differential equations; and (6) numerical method applications.

3.2. Prototyping phase

In the phase of making a prototype, the topics of worksheets were arranged in a structured and
systematic. The worksheets were arranged by consider the components of the worksheets, i.e. the title,
learning outcomes, instructions, and content. The display of title, learning outcomes, and instructions
are presented in Figure 1.
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Pahami permasalahan pada LKM dengan baik.
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"One we can do so little, together we can do so much.”
(Hellen Keller)

Figure 1. Numerical Methods Worksheet

The content section of the worksheets discusses the definition of numerical methods and errors,
and the numerical method topics discussed in each chapter. Each chapter contains a summary of the
material, exercises, and tasks that require students to collaborate with their colleagues and lecturers. In
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addition, students are also required to be more active in reading book in supporting the explanation of
each material. The appearance of the contents is presented in Figure 2.
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Figure 2. Content of Numerical Methods

The next step in the prototype phase is to do validation and revision. Validation and revision are
carried out repeatedly to ensure that the worksheets is feasible to be tested. Validation was carried out
by three validators by filling out a validation sheet. The validation sheet is used to measure the
feasibility of worksheets component which includes the components of content eligibility, linguistic
components, and presentation components. This research found that the average of each component
has very valid criteria with total average is 4.48. This criteria based on the following categories [6]:
Very valid 4 = component average = 5

Valid : 3 = component average << 4
Less valid : 2 = component average << 3
Invalid : 1 = component average < 2

In addition to validating based on three feasibility components, the validator also provides a
general assessment of the worksheets. The general assessment given by the validator is criterion B,
which is that the worksheets are worthy of use, but still need to be refined. Some suggestions for
revisions given by the validator are: (1) The visualization of the image should have a little explanation,
so that students can imagine the problems in the image; (2) An example of an application that can be
equipped with a systematic problem solving stage; (3) A simple analogy can be given as an
introduction in understanding a fairly complicated concept; (4) In the end of each chapter may
completed with motivational sentences, to encouraging the interest and creativity of students. The
display of the revised worksheets can be seen in Figures 1 and 2.

3.3. Assessment phase
Assessment phase conducted to assess the practicality and effectiveness. Prior to the practicality and
effectiveness tests, the numerical method worksheet were tested on students who attended numerical
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methods lectures. Learning is done by applying collaborative learning models and using worksheets as
supporting teaching activities.

Practicality tests are carried out by giving questionnaires to students. This research was found that
overall the numerical method worksheets received a good response from students. This shows that the
worksheet developed is practical.

The effectiveness test is done by looking at learning outcomes in numerical method lecture. This
research was found that the average score of learning outcomes was 72.53 which was good category.
The data also shows that 76.7% of students get a B grade in the lecture of numerical methods that
apply collaborative learning and use the worksheets as teaching materials for supporting activities.
This shows that numerical methods worksheets are effective in learning.

3.4. Discussion

The numerical method worksheets developed in this study is based on collaborative learning. This
worksheets contains instructions and tasks/ activities that must be carried out by students in order to
create cooperation and interaction between students and between students and lecturers. Collaborative
learning focuses on the development of meaningful activity and performance [7]. Therefore,
worksheets developed must have valid, practical, and effective criteria to support the implementation
of collaborative learning in numerical method course.

In this study, worksheets validation was stated to be very valid when viewed from the validator
score average. In addition, the components of content eligibility, linguistic components, and
presentation components are also stated to be very valid. The overall assessment of the validator states
that the worksheets are worthy of use, but still need to be refined. This results are the results of the
assessment after repeated revisions to the worksheets. Some suggestions have been given and
improvements have been made so that the worksheets are feasible to be tested.

Practicality of worksheets is shown from the student's response where the overall aspects of the
numerical method worksheets get a good response. This response is based on seven aspects, namely
suitability with the syllabus/ curriculum, material coherence, material density, difficulty level,
application, neatness of writing, and references used. Aspects of material coherence, difficulty level,
application, neatness of writing, and references that are used each get a good response from students.
Aspects of suitability with the syllabus/ curriculum get a pretty good response from students. Aspects
of material density have a poor response from students. This is because students feel that the questions
on the worksheets are too short so that the students do not catch the message conveyed, and there is an
unclear statement. Therefore, it is necessary to revise some aspects of the worksheets.

The effectiveness of worksheets is shown by student learning outcomes where the average learning
outcomes are categorized as good with details: 5.36% got an A, 76.79% got a B, 14.29% got a C, and
3.57% got a grade D. There is still C and D values indicates that the application of collaborative
learning using worksheets as teaching materials in numerical method course needs to be further
evaluated.

The result of this research presented that numerical method worksheet is effectively to be used to
help students gain knowledge and allow students to be involved in active learning. This is because the
material presented in the worksheets is in the form of a summary that includes material that will be
done by students, and there are task and activities. Structure of these worksheets provide benefits in
learning, i.e. facilitating teachers in managing the learning process, helping teachers in directing their
students to be able to find concepts in the material, and developing scientific attitudes. This is as stated
in Barniol's study that the students achieve their own understanding using the tutorial worksheet
because the worksheets contain questions that break down the reasoning process into steps to guide
students in using scientific reasoning to build conceptual understanding [8].

Numerical method worksheet based on collaborative learning were developed, received a good
response from students. This is because worksheets can encourages students to interact, collaborate,
share roles, tasks, and responsibilities in completing tasks or problems. As stated in Sulaiman's study,
mathematics lessons can be designed by preparing teaching and learning activities that involve
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collaboration through group work to the mathematical topics selected in the syllabus [9]. Activities
that will be carried out in numerical methods learning are outlined in worksheets to direct students in
understanding the concept and implementation of the method. The worksheets are given at the
beginning of the lecture with prior instructions or explanations regarding the material in the
worksheets. Concept discovery and method implementation are actively carried out by students.

4. Conclusions

Based on the research, it can be concluded that: (1) worksheets based on collaborative learning models
in numerical method course meet very valid and worthy of use, but still need to be refined; (2)
worksheets is practically to be used which are shown from student responses are good; (3) worksheets
is effectively to be used which are shown from the average learning outcomes are good.
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