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Abstract. This study aimed to develop a valid, practical and effective BLCS learning devices
to improve problem solving skills. The BLCS (Bruner’s theory, Local Culture, and
Scaffolding) learning devices were computer or traditional explorative media supported by
lesson plans, worksheets and formative tests. This development research was based on Plomp’s
procedure and used research instruments in the form of observation sheets, questionnaires,
interview guidelines, and description tests. In the preliminary research stage, several learning
problems were found, mainly learning did not lead the students to find mathematical concepts
and the exercises given were not mathematical problems. Furthermore, the prototyping phase
carried out several stages such as (1) the development of initial learning devices as a solution
to the problem, (2) conducting validation tests by three validators, (3) the trial limited to 12
students to obtain practicality data, and (4) the field trial | on 40 students to get practicality and
effectiveness data. In the final stage, was carried out a semi-summative assessment called field
trials 11 on 40 students and provided results in the form of a final BLCS learning devices that
was valid, practical and effective. The discovery of mathematical concepts was facilitated by
computer or traditional explorative media which contain real problems based on local culture
and was supported by lesson plans, worksheets, and formative tests with each of their
characteristics so that problem solving abilities could also be well honed.

1. Introduction

Studies by the Program for International Students Assessment (PISA) focus on students' basic level
abilities in identifying, understanding and using basic mathematics in everyday life. Basic
mathematics is one of them is the ability to solve mathematical problems. The first study was
conducted in 2000 where Indonesia was ranked 39 out of 41 countries, in 2003 at 38 out of 40
countries, in 2006 at 50 out of 57 countries, in 2009 at 61 out of 65 countries, in 2012 at 64 out of 41
countries 65 countries, and in 2015 in 63 out of 70 countries [1]. This shows the weaknesses of
students in linking formal mathematical concepts with real-world problems, so that students'
mathematical problem solving abilities cannot be developed properly. In anticipation of this problem,
the Indonesian government has made several changes to the curriculum, which to date has used the
revised 2013 curriculum. However, this curriculum change has not been able to raise the mathematical
achievements of Indonesian students in general at the international level. Preliminary observations
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show that the role and function of teachers in planning and implementing mathematics learning is not
in line with changes in the curriculum. In fact, one important factor that can improve students'
mathematical abilities is to carry out quality learning by making appropriate learning devices [2].

The development and application of realistic mathematics education (RME) based learning devices
have been carried out and have given results in the moderate category, namely increasing students'
problem solving abilities from an average of 69.067 to 74.5. This condition is found because of some
obstacles faced by students such as lack of understanding of the problems expressed in the learning
devices and lack of motivation and good direction so that some students are not focused on learning
[3]. In addition, to create quality learning also requires an innovative learning, such as the use of
media in learning. From the results of research that has been done, only 33.67% of teachers do
problem-based learning and only 38.77% of teachers apply computers to learning [4]. In line with
these conditions, related to classroom management there are 47% of elementary school teachers do not
understand it well, while for secondary school teachers there are 67% of teachers do not understand it.
Therefore, especially high school teachers need to pay special attention to self-evaluation [5]. This
self-evaluation can be facilitated by formative tests that are used to reflect on the learning that has
been done and complete the usual summative tests. This is because the use of formative-summative
evaluation models provides effective results in measuring the effectiveness of teacher success in
transferring knowledge [6]. Based on the problems found in the literature study, researchers are
interested in directly observing in the field and interviewing several mathematics teachers and some
students in secondary schools.

In the initial stages of this study found several mathematics learning problems that cause students
to not be able to follow the learning well. Mathematics learning in class does not pay attention to
students' initial abilities and directly direct students to abstract mathematical formulas. In addition,
monotonous learning from year to year is the same without the self-evaluation by the teacher even
though many changes in the conditions of students in the field, one of which is the development of the
times and technology. To facilitate the problems that occur in the field as well as the problems
revealed from some of the studies above, it is necessary to have a solution.

The solution to the learning problem can be done by facilitating students to find the concept of a
mathematical formula independently through the given real problems. To make it easier for students to
find concepts and understand given problems, problems must be presented more concretely. This
facility can be designed through a local culture-based explorative learning media that is familiar with
the environment and is linked to students' initial abilities. This condition is supported by the results of
Jamaan's research which states that mathematical critical thinking abilities from students with high
entry behavior and scientific approaches is better than direct instructional [7]. The integration of
explorative media in mathematics learning has a positive influence on students' mathematics learning
achievement [8]. Geogebra is a quality dynamic mathematics software that is very popular today to
support media-based learning technology. The new generation of children are now ready to use
technology in learning to gain cognitive knowledge, so technology must be integrated in future
curricula [9]. One thing that has been done is the development of reading comprehension software
programs that can help students in solving initial problems when conceptual and procedural
understanding. However, it did not succeed in increasing students' mathematical achievement because
it was not balanced with adequate facilities such as teachers using their own methods [10].

On the other hand, the implementation of Aceh's local culture-based learning devices can also
arouse student interest so that learning becomes effective [11]. Integration of local culture to train the
scientific process skills and scientific attitude are feasible to be used in the learning process [12].
Integration of local culture leads students to make analyzes in making conclusions from the knowledge
found. In this process, students naturally have difficulty in solving a given problem. Scaffolding can
be provided by the teacher as assistance or direction by linking student difficulties to the zone of
proximal development to enhance the development of potential abilities [13]. In this case the role of
the teacher or other person is needed to be the facilitator and motivator. Learning can be designed by
forming heterogeneous groups based on cognitive abilities and gender to facilitate students helping
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each other exchange ideas in finding mathematical concepts. Furthermore, the existence of the teacher
as a facilitator also provides an important role when discussions between students have not given
maximum results. The decisive factors in improving the performance of mathematics teachers
maximally when they combine teacher competence, mathematical talent and motivation to teach [14].

The learning model that supports this learning devices is a learning model that is oriented towards
Bruner theory, local culture, and scaffolding, hereinafter abbreviated as BLCS learning model. Ardana
and Gita developed a learning model of BLCS based on Bruner's theory (active, iconic, and symbolic)
and local culture that caused students to be familiar with the mathematical problems faced so as to
foster confidence in students [15] High confidence in the success of this learning combined with the
help in the form of scaffolding so as to cause maximum effort to achieve success or lead to
achievement motivation in students. With the growth of achievement motivation, students can be more
persistent in learning until the goals can be achieved as planned. The use of a combination of local
culture "jengah" concept is very effective to be used in mathematics learning. This humble conception
is the foundation of the BLCS model, in addition to other Balinese conceptions of local culture in
cooperative activities [16]. This conception of "embarrassment™ is a Balinese local culture supported
by the presentation of Mantra where it states that there are several main conceptions of Balinese
culture that are used to foster cultural resilience and a foundation for the development of various
aspects of community life, such as the concept of skala-niskala; desa-kala-patra; yang lalu-kini-akan
datang; tri-hita-karana; taksu dan jengah [17]. The concept of ignorance in a cultural context has the
connotation of enthusiasm. The concept of ignorance can be a motivator for each activity to be carried
out, giving direction to the activity towards the goal to be achieved, and able to guide students to
determine the actions that must be taken to align with the objectives to be achieved. Students with high
motivation also consider the problem as an interesting thing, so they tend to work harder in solving
problems [18]. Based on these descriptions, researchers are interested in developing valid, practical,
and effective BLCS model learning devices to improve students' mathematical problem solving
abilities.

2. Method

This development research aimed to develop a BLCS learning model. This BLCS learning devices was
in the form of computer or traditional exploratory media supported by lesson plans, worksheets, and
formative tests. This learning devices was developed so that it fits the valid, practical and effective
criteria stated by Nieveen. The developed learning devices can be said to be valid if the product is of
good quality, namely to focus on the material and learning approach used. The learning devices must
be based on material or knowledge (content validity) and all components must be consistently linked
to each other (construct validity). Furthermore, learning devices that have been developed are said to
be practical if users (students and teachers) state that learning devices are easy to use in learning and
there is consistency between the curriculum and the learning process. Meanwhile, learning devices are
said to be effective if students succeed in the learning process and there is consistency between the
curriculum, student learning experiences, and achievement of the learning process [19]. In this study,
the learning devices were said to be effective if they could improve students’ mathematical problem
solving abilities.

The process of developing this learning devices was based on the development procedure
according to Plomp (2013), namely (1) preliminary research, (2) prototyping phase, and (3)
assessment phase [19]. In the preliminary research stage, an analyzing the learning problems in
classroom and riviewing the literature were conducted. Furthermore, the prototyping phase carried out
several stages such as (1) the development of initial learning devices as a solution to the problem, (2)
conducting validation tests by three expert validator with mathematics and technology background, (3)
the trial limited to 12 students of VII1 B class SMP Negeri 12 Denpasar to obtain practicality data, and
(4) the field trial I on 40 students of VIII E class SMP Negeri 12 Denpasar to get practicality and
effectiveness data. In the final stage, was carried out a semi-summative assessment called field trials 11
on 40 students of VIII D class SMP Negeri 12 Denpasar and provided results in the form of a final
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BLCS learning devices that was valid, practical and effective. The discovery of mathematical concepts
was facilitated by computer or traditional explorative media which contain real problems based on
local culture and was supported by lesson plans, worksheets, and formative tests with each of their
characteristics so that problem solving abilities could also be well honed.

This development research was used research instruments in the form of observation sheets,
guestionnaires, interview guidelines, and description tests. Interviews were used to improve the
validity of the data (data triangulation) obtained from the results of questionnaires and observation
sheets related to the practicality of the learning devices developed. Triangulation is a data validity
checking technique that utilizes something else outside the data for checking or comparison purposes
[20]. Interview questions were arranged based on needs and according to the results of questionnaires
and observation sheets obtained during the implementation of learning. To collect effectiveness data in
the form of students' mathematical problem solving abilities, the teacher used a description test to find
out how students solved mathematical problems and expressed their thoughts in writing to the answers
to the problems given. So, in this study three types of quantitative data (validity, practicality and
effectiveness) were produced which were then analysed descriptively with criteria 1) minimal
validation results in the valid category; 2) practicality results with minimal practical criteria; and (3)
the effectiveness results seen from the score of students' mathematical problem solving abilities where
at least in the good category.

3. Results and Discussion

In the preliminary research stage, it was found several learning problems that occurred in the field so
that the development of the BLCS model of learning devices was developed as explained in the
introduction. The initial design of the BLCS learning devices was carried out in the prototyping phase.
The design of early learning devices in the form of computer or traditional exploratory media
supported by lesson plans, worksheets, and formative tests. In this study, learning devices are made for
learning circle material that is learned in eight meetings. BLCS Explorative Media facilitates students
to explore using their initial knowledge. This exploration was to solve real problems based on local
culture that was displayed so as to find the mathematical concepts learned. This explorative media was
designed in accordance with the characteristics of learning materials where there were those using real
objects based on local culture which are called traditional exploratory media like the example in
Figure 1 below.

Figure 1. Examples of Traditional Explorative Media

The introduction of the combined flat area concept can be facilitated by using pis bolong. Pis
bolong means hollow money in which the money is usually used as a means of payment by the people
of ancient Bali. However, Pis Bolong is still only used as a means of cultural ceremonial equipment in
Bali and is very familiar to children in Bali. In addition, there are also a number of explorative media
designed with the help of geogebra software called computer exploratory media. This computer
explorative media is made to facilitate the presentation of the concept of the reader, because the
concept is abstract and requires high imagination. Pengider-ider is a Balinese cultural concept of the
position of the guardian deity in every direction of the compass that forms a circle. For example, with
the help of these media students are asked to connect the position of the gods in the north, middle, and
northeast directions, so as to obtain the central angle of the circle, as in the example in Figure 2 below.
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Figure 2. Examples of Computer Explorative Media

The learning devices that have been developed have met the valid, practical, and effective qualities
with several advantages compared to the learning devices commonly used. The advantages of this
learning device were (1) helping the students easily to find mathematical concepts as a basis for
solving mathematical problems through independent and local culture-based activities that have been
designed in explorative media and worksheets; (2) directing experience experienced by students in
solving a problem in the form of a circle concept will have an effect on students' long-term memory,
(3) making it easy for teachers to carry out effective learning because it has been guided through
lesson plans combined with explorative media and worksheets; (4) explorative media based on local
culture and familiar with students presented in traditional or computer form can further motivate
students to find solutions; (5) this learning device can also arouse students' embarrassing conceptions.
High embarrassment makes students feel more challenged to find concepts and solve problems better;
(6) scaffolding in the form of assistance to the obstacles found by students during learning can
facilitate students in solving problems found; and (7) formative tests make it easy for teachers to
reflect on the learning that has been done through so that later learning can facilitate students to solve
problems better. Besides having the advantages mentioned earlier, this learning device also has
limitations, namely the material developed is limited to the circle material included in the geometry
section. Therefore, the results explained in this study are still limited from one point of view, so that
further development and research is needed. This is considered necessary because mathematics
learning material has various characteristics. Based on the constraints and limitations of the research
that has been done, as for the advice that the author can convey, namely to get results from various
characteristics of mathematical material needed further development and research for other
mathematical material, such as algebra.

4. Conclusions

Based on the discussion above, it can be concluded that the learning devices developed have met the
valid, practical, and effective qualities with their respective characteristics, as follows. (a) the lesson
plan emphasizes on checking students' initial abilities, directing learning based on Bruner's theory,
arousing students' misconceptions, and facilitating teachers' scaffolding; (b) the worksheet facilitates
students finding concepts and honing students’ mathematical problem solving skills; (c) explorative
media designed in a computer or traditional form containing real problems based on local culture to
facilitate students finding concepts as the basis of solving students' mathematical problems; (d)
Formative tests can release teachers from the shackles of comfort in monotonous learning so that later
learning can facilitate students' better problem solving. These characteristics distinguish learning
devices developed from existing learning devices.
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