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Abstract

This research aims to develop an APOS content-basic algebra for autonomous
learning to achieve the mathematics connection skills that meet the instrument
validity and implementation effectiveness criteria. The module included the basic
concept of basic algebra as the learning reference for learners. Thus, learners could
refer to the materials autonomously. The module was arranged systematically and
complemented with detailed stages. They could facilitate the readers to act and to
try the process of analogy. A similar stage also occurred on an object, the new
problem, to create a theoretical framework in the form of a scheme. This research
used a research and development design. The stages were defining the algebraic
problems, designing the APOS-based module, creating a product draft, validating
the module, and examining the effectiveness. The researcher conducted the field
test with the learner representations from primary school, Junior High School, and
Vocational High School. The research variables were learning autonomy and
mathematics connection skills. The research used questionnaires and tests to
collect the data. The data were then analyzed descriptively analytically. The
experts' judgment obtained a score of 4.08, with a valid criterion. Then, the
product was tested for the learners’ representations. The results showed their
learning autonomy achieved scores of 73 (the primary school learner), 75 (the JHS
learners), and 81 (the VHS learners). On the other hand, the mathematics
connection skill scores were 75 (the primary school learner), 80 (the JHS learners),
and 85 (the VHS learners) It showed that learning with the APOS content module
had positive responses and achieved the expected results (effective).
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INTRODUCTION

The 2013 the
importance of paradigm change in mathematics
learning. It shifts the teachers’ roles to be learning

curriculum indicates

motivators. Teachers are required to provide
learning opportunities for the learners so that they
can construct their knowledge from the given
activities, such as mathematics-problem solving
skill activities. Learners cannot only rely on
listening and noting activities during the learning
process as seen at typical schools. They need
activities that could change their attitudes and
behaviors during the learning process. Learning
activity covers both physical and mental activities
that are correlated to each other.

The learning materials provide freedom for
the learners and facilitate them to construct their
knowledge. Learning materials are any means to
facilitate teachers and infrastructures to promote
teaching-learning activities in the classroom
(Depdiknas, 2006). One of the learning material
types is a module. It facilitates learners to study
autonomously in understanding the materials.
Nurhasanah (2017) argued that modules could be
designed and arranged systematically to allow
learners to learn autonomously. The developed
learning material in this research was the APOS-
based reference module.

APOS theory is a constructivism-based
theory. Arnon et.al., (2014:17) explained that
APOS was a model to describe how mathematics
could be to
Kalapana (2014),
learners-active role emphasized perspective in

concepts learned. According

constructivism  refers to
constructing the knowledge and defining the
existing An understanding of

mathematical concepts on APOS theory is used as

information.

an elaboration about mental constructions of
action, process, object, and scheme (Dubinsky &
McDOnald, 2002). Mental construction in this
context refers to the interiorized action in the
process. Then, it is summarized or encapsulated
into objects. Then, the objects are de-encapsulated
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or re-explained into processes. The action,
process, and object could be organized into a
scheme. Suryadi (2010:5) argued that the terms,
object, and scheme,

essentially mental construction of individuals to

action, process, were
understand a mathematics idea.

APOS theory
module considered the educational condition of
This
systematically with inter-topic connections, the
guideline to work, and examples. The next stage

implementation in this

Indonesia. module was  arranged

was inviting the learners to do the process. Thus,
this module contained the patterned questions
and exercises to make learners thinking. Then, the
module invited the learners to do the objects.
Therefore, the module contained supportive
concepts to elaborate and analyze the problems.
The learners could also do the scheme. They did
the

arrangement of the module had inter-related

it from what they learned. Therefore,

information to differ the concept matter and non-
conceptual matter.

This research expected the APOS-based
theory module could encourage the learners’
autonomous character. This module guided the
learners to develop their autonomy. Ranti (2017)
argued that learning autonomy functions as skills
to manage and manipulate knowledge in a
learning process to monitor learning process
improvement. Autonomous learners will take
responsibility while learning. It is in line with
Rini et al (2015). They found that learning
autonomy was an individual's behavior. It was
realized into creativity in learning, freedom, and
belief to act based on the applied values, and
responsibility in every learning activity.

The module also encouraged the learners’
mathematics connection skills by habituating
them to work on connective questions. Thus,
learners with excellent autonomy could promote
the connection. According to Resti Yulianti et al
(2018), mathematics connection and autonomy
were correlated. Autonomous learners could
promote mathematics connection excellently.
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Mathematics connection covers the skills to
understand the mathematics concept, to explain
the concept connection, and to apply the concept.
Mathematics connection refers to a required skill
for learners to master. Kenedi, et al. (2019) found
that mathematics connection was a part of the
knowledge network. It is connected with other
knowledge of crucial concepts to understand and
develop the connection among mathematics
Without

would

ideas, concepts, and procedures.
mathematics  connection, learners
memorize many concepts. It was in line with
Rusmini & Surya (2017). They found that without
mathematics connection, learners had to learn

and memorize many concepts and procedures

separately. It showed the importance of
mathematics connection.
The Ilearners’ skills to connect the

mathematics concepts and topics were still low. It
was in line with a study by Saminanto & Kartono
(2015). They found that the school learners’
mathematics connection skills were low with a
percentage of 34%. Therefore, it required a
solution to develop the JHS learners' mathematics
connection as demanded.
The  APOS

implementation was

framework
to habituate
learners in solving problems. Thus, they could
develop their knowledge in connecting the
concepts. The clear concepts and the learners'

theoretical
expected

habits to construct their knowledge based on
APOS theoretical framework would facilitate
them to learn autonomously. It meant the theory
encouraged the learners' learning autonomy and
mathematics connection skills. Therefore, this
research developed the module with the APOS
theory to facilitate learners studying
mathematics.

in
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This research focused on the APOS theory
implementation on the module with autonomous
character and mathematics connection about
algebra. This module could be used as a reference
for learners to understand algebra at school so
that learners at JHS and SHS could use the
module as a reference in learning algebra.

This research aims to develop an APOS
content-basic algebra for autonomous learning to
achieve the mathematics connection skills that
meet the instrument validity and implementation
effectiveness criteria.

METHOD

This Research and
Development based on Borg & Gall's stages.

However, it was until the sixth stage, the limited

research was a

field test stage. The applied sampling technique
was purposive sampling. The subjects were five
primary school learners, 10 JHS learners, and 8
VHS learners. The object was the APOS theory-
based module for algebra material at schools. The
techniques of analyzing the data: 1).
Mathematics-module validity analysis, 2) The
learners’ practicability analysis.

RESULTS AND DISCUSSIONS

The judgment done by the validators
consisted of these indicators: The whole module,
APOS  theoretical construction,
characters, and mathematics connection skills.

autonomy

The revisions were done based on the given
suggestions. The results of school-algebra module
validation are shown below.
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Table 1. the Module Validation Results

Jud t
Module Validation udgmen
II 111 IV \'%

Th dul lidati

€ modte VaTdation 25 425 4.00 435 425
by each validator
Th dul lidati

.e I,no e vardation Extremely Extremely Very Extremely
criteria based on every Excellent

. excellent excellent Excellent excellent
validator
Modul Validati

odule alidation 408
(VM)
Modul lidi

.Odl.l ¢ validity Excellent
criteria

Table 1 shows the average score of each
assessed aspect from five validators. It is higher or
equal to 4 (= 4,0), with the “valid” criterion). The

average of the whole module aspect was 4.08,
categorized as "valid”.

Table 2. the Questionnaire Validation Results from Students' Responses

The judged aspects The average Categories

Primary Learners’ Responses 82.14 Very Excellent
JHS Learners’ Responses 80.64 Very Excellent
VHS Learners’ Responses 83.82 Very Excellent

Table 2 shows the average of the learners’
responses toward the module, 82.14%; the JHS
80.64%, and the VHS

learners’ responses,

learners’ responses, 83.82%. It meant the module
implementation was excellent.

Table 3. the Questionnaire Results of the Learners’ Autonomous Characters

The judged aspects The average Categories
Primary school learners 73.4 Excellent
The JHS Learners 75.1 Excellent
The VHS Learners 81.25 Excellent
The average 76.33 Excellent

Table 3 shows the average of the learners’
responses toward the module, 82.14%; the JHS
learners’ 80.64%, and the VHS
learners’ responses, 83.82%. It meant the module

responses,

could encourage the autonomous character.

The autonomous learning character of
primary and Junior High School learners was
average during this module implementation.
Their learning initiations were average while
discussing the materials of the module. They read

the materials seriously. The learners also noted
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the important matters and asked questions when
they encountered difficulties. The learners worked
on the module questions while discussing them
The findings
learning need diagnosis showed the primary
school learners prepared their stationary. On the

together. on the autonomous

other hand, the JHS learners prepared different
learning resources to learn with the module. The
JHS learners could develop and apply their
learning strategies. It could be seen when they
worked on their questions. They tried to complete
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the tasks and submit them punctually. The JHS
learners also revised their answers when they
incorrectly did it. They could evaluate which
materials they understood and not. It showed
their evaluation aspect of autonomous learning.
The autonomous learning of VHS learners
during the module implementation was excellent.
They
individuals’

initiated their learning without other
assistance. They also read and
understood the module before discussing together.
Most learners summarized the presented materials
from the module. They did it to understand the
materials. The VHS learners attempted to work
on the module’s questions autonomously. They
seemed enthusiastic while discussing and paying
attention to the researcher’s explanations. They
also paid attention when their friends explained
and answered. Generally, the VHS learners could

understanding the materials or completing the
questions. Most VHS learners could evaluate their
learning results. They did it on their works if there
were errors. The learners could differ between the
mastered and the unmastered materials.

The learners’ autonomous learning could
not be separated from the module presentation
based on APOS theory. It facilitated them to
understand the stages from the action until the
scheme to help them construct their thoughts. It
indirectly developed autonomous characters. Hal
ini sejalan dengan penelitian Dwi lestari, dkk
(2018), yang menyimpulkan bahwa penggunaan
bahan ajar yang berupa LKS berbasis teori APOS
membuat siswa tertarik untuk belajar serta
membantu siswa dalam memahami materi. Selain
itu penelitian yang dilakukan Yerizon (2013) juga
menyimpulkan hal yang sama yaitu penggunaan

diagnose their learning needs excellently. This  pendekatan Modifikasi APOS dapat
research found the learners could select their = meningkatkan  kemandirian  belajar.  Jika
learning strategy and seemed enthusiastic to work  kemandirian belajar meningkat, dapat dikatakan
on the given questions. They were not clumsy to  bahwa penggunaan pendekatan teori APOS
ask questions while encountering difficulties in ~ memunculkan karakter kemandirian.
Tabel 4. Hasil Tes Kemampuan Koneksi Matematis

The judged aspects The average Kategori

Primary school learners 75 Cukup

The JHS Learners 80 Excellent

The VHS Learners 85 Excellent

The average 80 Excellent

Table 4 shows the average of the learners’
mathematics connection skill test. The primary
school learners obtained a percentage of 75%; the
JHS learners obtained a percentage of 80%, and
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the VHS learners obtained a percentage of 85%. It
meant the module could the
autonomous character.

encourage
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The Answer Analysis of the Connection Questions of JHS Learners

Figure 1 shows the learners could identify
the mathematics principles and concepts
interdisciplinary. They understood the problems
and wrote the recognized parts of the questions.
They did it to solve the questions. Then, they

could also use the inter-conceptual connections
with the calculation procedure to solve problems
of other lessons. They could also solve the
questions excellently.

The Answer Analysis of the Connection Questions of VHS Learners
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Figure 2 shows The learners' answers showed
that they could apply the inter-conceptual connection
of mathematics facts to the solved problems. It was
seen from the learners’ stages to write the recognized
parts of the questions and arranged the solution stage.
The learners could determine the connection between
one mathematics principle to the other principles
while determining a rectangular perimeter. Teachers
apply the
connection from one to the other. The researcher

also could mathematics principle
found it from the learners' stages to solve problems
about the diagonal length of a rectangle.

While learning with the module, the learners
had various learners’ mathematics connection skills.
applying the the

mathematics connections were different based on the

During module, learners'
solutions shared by the answers. Several learners
the the

recognized, the questioned, and the solution parts

wrote answers systematically from
systematically. The challenging questions for the
learners dealt with the indicators of inter-topic
mathematics and mathematics with other science
disciplines. They were also habituated to solve the
questions. It facilitated them to connect their skills.
The APOS

construct the actions, processes, objects, schemes,

theory facilitated learners to

and connections. The results were in line with the
previous findings.

The produced module facilitated them to
understand the stages from the action until the
scheme to help them construct their thoughts. It
indirectly developed autonomous characters. The
finding was relevant with Dwi Lestari et al (2018).
They concluded that APOS theory-based worksheet
could facilitate learners to learn and understand the
The APOS theory-based algebra module
demanded learners to develop their mathematics
connection skills. This finding was relevant to Retno
Marsitin (2017). He found APOS theory could
improve the learner's mathematics connection skills
and creative thinking skills.

materials.

CONCLUSION

The product development obtained excellent
validation results from the experts. The score of the
validation was 4.08. It indicated the product met the
instrument validity criteria. The product development
also obtained positive responses based on the
the learners. Product

questionnaire given to

development could encourage the autonomous
character. Based on the questionnaire result, the
learners' autonomous average score reached 76 while
the learners' mathematics connection score reached
80. The produced module could facilitate learners to
understand the materials and enrich their learning
experience. Teachers could use this module as a

reference for their teaching when they needed it.
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