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This collaborative research aims to provide necessary scientific and practical knowledge on
statistics and electricity saving topics through integration of energy efficiency into vocational
schools’ mathematics curriculum. The paper reports on how the teachers in a lesson study
group developed teaching and learning models on statistics integrated with electricity saving.
The implementation processes of this learning model started with data collection, continued
with data processing, data presentation, and data analysis of the electricity billing payment
of the students’ houses. Through this learning process, the students were expected to be more
aware in saving electricity and using energy wiser. The analyses were done qualitatively
using triangulation including combining documents, observations, photographs, and videos.
The findings revealed that this learning model sharpened the students’ ability around
reasoning, processing, presenting and analyzing the data from contextual problems. Students
could also define the factors affecting the electricity used, and then identify the ways to save
energy. Further, the students created a simple video and poster for a saving electricity
campaign at school, home, and social media. While the results are interesting and
encouraging and provide some promising directions, they are not a proof and a much larger
study would be needed to determine if the results are due to the approach or due to the
teachers’ enthusiasm, novelty effect or what is known as the Hawthorne Effect.
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Introduction

Science and mathematics teaching emphasizing the development of reasoning, logical
thinking, and scientific ability is very important in preparing the younger generation to deal
with the problems of daily life and to address successfully the challenges of globalization. The
globalization era is characterized by the rapid technology development, and the increased
energy demands in the world. On the one hand, the development of information technology is
very helpful to various life aspects. However, when it is not utilized wisely, its presence will
affect negatively the future of the younger generation. On the other hand, the increased energy
demands on a global scale is an inevitable problem. The energy demand in the economic and
industrial sectors is still met by fossil energy that will be depleted in the future. Meanwhile,
renewing it will take millions of years. This presents natural disasters, energy and economic
that must be faced later by the younger generation.

The increased energy demand on a global scale can be seen in Figure 1. The diagram
from Ishii (2016) shows us the comparison between APEC (red) and Non-APEC (grey)
economies regarding their energy demands. The Energy Ministerial Meeting 2014 addressed
some issues as follows: (1) the world’s energy supply and demand pattern has been changing,
(2) the global energy demand continues to rise steadily, (3) the Asia-Pacific assumes a more
prominent role as the center of world energy demand, and (4) at the same time, the political and
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economic environments together with fluctuations in the energy market, climate change, and
public perception and acceptance will exert huge pressure on the energy policy making in the
Asia-Pacific region. Moreover, energy costs are crucial to the competitiveness of energy
intensive industries in the region (Beijing Declaration - Joining Hands towards Sustainable
Energy Development in the Asia-Pacific Region, Energy Ministerial Meeting 2014). Thus, the
globalization challenges require the present generation to think logically, creatively,
innovatively, and skilfully using technology. Life success and sustainability in the future lies
with the next generation. For these reasons it is important for education to use innovation to
prepare the younger generation for such challenges and threats particularly related to energy
efficiency.

Non APEC

Figure 1. Global energy demand (Ishii, 2016)

Teachers through their contribution in education are very important in preparing the
younger generations by equipping them with science skills, life competency, and character
education. Care about natural and social environments and society should be developed in
education. It is argued that global issues concerning natural disaster, energy crises, economic
crises, and threats should be introduced earlier in education. It is also argued that the students
should be accustomed to think critically and logically, to reason and to innovate in response to
the various issues listed above. The National Council of Teachers of Mathematics (NCTM,
2000, p. 11) suggests that students must learn mathematics with understanding, actively
building new knowledge from experience and prior knowledge. Meaningful learning should
refer to standard process by emphasizing reasoning and sense making (NCTM, 2009, p. 5).
This means that every learning process should be supported by infrastructures, learning media,
and contextual issues. A learning process will be less meaningful if the learning media
emphasizes only the procedural skills. The lesson will be easily forgotten by the students and
potentially lead to the misconception and difficulty in learning process (Kilpatrick, Swafford,
& Findell, 2001).
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The integration of science, technology, engineering and mathematics (STEM) or
integrated thematic learning is very possible to raise energy efficiency issues. In this lesson
study research, STEM activity is carried out with an understanding that without practice in real
life it is difficult for the students to understand the issues (Wang, Moore, Roehrig, & Park,
2011). For that reasons, the writer is interested in making innovation in mathematic learning
by raising electricity saving in STEM and involving the lesson study team established by
SEAMEO Regional Center for QITEP in Mathematics (SEAQiM).

Science, Technology, Engineering and Mathematics (STEM)

The STEM content areas are taught as though they were one subject. Integration can be
done with a minimum of two disciplines but is not limited to two disciplines. The lines indicate
the various options in which integration could be achieved.

r . |

Technology &

Engineering
‘ Mathematics

Figure 2. Integration approach to STEM education
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Wang et al. (2011) explain interdisciplinary integration begins with a real-world
problem. It incorporates cross-curricular content with critical thinking, problem-solving skills,
and knowledge in order to reach a conclusion. Multidisciplinary integration asks students to
link content from specific subjects, but interdisciplinary integration focuses students’ attention
on a problem and incorporates content and skills from a variety of fields. The real problem in
this electricity saving statistics activity is whether the electricity usage in the student families
tends to be above or below the mean electricity use of student families in one classroom over
several months. The students are told to estimate its causes. In this problem, mathematics is
integrated into physics related to topic on energy. Energy topic studied includes definitions,
types of energy, renewable energy, and non-renewable energy. Meanwhile, the statistics
involves describing and presenting data, displaying data in the form of appropriate tables, charts
or plots, and communicating information of a data series through comparative analysis on
various data displays. The students are allowed to use both the Excel™ program and a
calculator to facilitate the calculation so that more time is spent on reasoning and analyzing
data. As suggested by Afrial and Rohmah (2014), using Excel™ program can enhance
understanding of content within a graphics presentation; it provides a visual representation of
data that makes it easier to analyze. In addition, Excel™ reduces the difficulty of plotting data
and allows students a means for interpreting the data.
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Sharing and growing together in a lesson study group is very beneficial and provides
new experiences to the students, teachers and school where the research was conducted.
Teachers, before joining this activity, have attempted to connect the learning material to energy
efficiency theme. This activity helps open the teachers’ insight in order to explore further and
encourages them to share and collaborate with each other. They can be open to constructive
critique and suggestions in accomplishing the developed learning plan. This activity gives the
students more contextual experience during learning process. The students who usually are not
thinking of saving energy become more careful and more motivated to use energy wisely. In
addition, the students feel the power of mathematics in their daily life. This learning
development is related to collecting, processing, displaying, and analyzing data from the
student families’ personal electricity payment receipt.

The objectives of the research through lesson study are generally to: (1) increase the
awareness students on the issue of energy efficiency in real life, (2) facilitate students with the
scientific and practical knowledge regarding energy efficiency and related skills to reduce or
minimize the use of energy, (3) increase students’ beliefs on the importance of mathematics,
science, and technology and motivate them to improve their attitudes toward mathematics,
science, and technology, and (4) increase students awareness, prediction and anticipation of
energy efficiency.

Method

This research employed a descriptive qualitative method. The objective of research was
to develop an integrated learning activity in STEM through lesson study. This research focused
on the material of statistics related to energy efficiency.

The questions emerging among others are: (1) How to help students learn statistics
related to energy efficiency meaningfully? (2) How to help students to learn statistics related
to energy efficiency joyfully? (3) How to help students to learn to think? and (4) How to help
students to learn statistics related to energy efficiency by and for themselves (collaborative and
independent learners)?

Overall, the procedure of lesson study used was ‘Plan-Do-See’. ‘Plan’ involves seeing
a curriculum based on the theme of energy; choosing the material that matches the theme of
energy; developing lesson plans; peer teaching; and revising the lesson plans. ‘Do’ covers
scheduling; discussions with partner teachers as well as observers; implementation of the lesson
plan 1; reflection; implementation of the lesson plan 2; reflection; implementation of the lesson
plan 3; reflection; and collecting data. ‘See’ includes the reflection with observers from
SEAQIM and teachers in SMK N 2 Wonosari; and evaluation.
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The research cycle used involved: (1) designing and developing learning activities, (2)
peer teaching, (3) field experiment, (4) observation, (5) reflection, (6) reporting, and (7)

dissemination.

Results and Discussion

Lesson study Activity was initiated with workshop on learning set development which
was held in SEAQIiM. After the learning set had been developed completely, it was continued
with peer teaching, including presentation and teaching practice based on the set developed.
This activity is conducted to elicit constructive critique, suggestion, and input to make the
developed set better and ready to apply. The next stage was the implementation in the
classroom. The authors, acted as the teachers, conducted the activity corresponding to the
revised learning plan. Then, observation and reflection were assisted by SEAQiM experts. This
activity is intended to evaluate and to analyze the results of classroom practice to be reported
and disseminated later.

The mathematics learning was related to basic statistics involving describing and
displaying data in the form of appropriate table, chart or plot to communicate information of
data series through comparative analysis on varying data displays. After taking a pre-test, the
students were asked to submit their families’ electricity and water bills, and to record the fuel
use for their personal motorcycle when going to and from school. In addition, the students were
assigned to browse news broadcasts or articles related to energy efficiency. Those articles were
beneficial to give insight into energy efficiency.

JAKARTA Krisis energi global yang mulai terasa, dewasa ini
bukan |agi sekedar wacana tetapi sudah harus menyentuh
pada upaya penanggulangan dengan berbagai antisipasi. Ermor404: Page not found
Penggunaan energi sudah selayaknya dilakukan secara anf pycyorat Jenderal linyak dan Gas
dan dimulai dengan merubah gaya hidup lebih hemat energi -

Budaya hemat energi merupakan tanggung jawab bersama.

JAKARTA - Teknologi terbaru perlampuan saat ini adalah
adalah teknologi berbasis Solid State Lighting (SSL) atau
sering disebut juga dengan Light Emitted Diode (LED). LED
merupakan kemponen elekironik yang mempunyai banyak
aplikasi pada setiap peralatan elektronik.

Berita Populer

Direktorat Jenderal Mineral Dan Batubara
Kementerian Energi dan Sumber Daya Wineral
Pola hidup hemat emergi di mulai dengan merubah Sekretariat Jenderal
pemahaman masyarakat bahwa sumber daya energi yang
dimiliki bangsa Indonesia berlimpah karena hal tersebut
akan membuat pengguna energi menjadi "terlena” dalam memanfaatkan energi. Seberapapun sumber daya energi yang
dimiliki, pola hidup hemat energi tetap harus dilakukan.

LED memiliki karakter perlampuan dengan efisiensi tinggi,
dimana efisiensi perlampuan LED telah maju pesat melalui
berbagal inovasi teknologi dalam beberapa dekade terakhir.

LED merupakan lampu yang sangat hemat energi. Bila
dibandingkan dengan jenis lampu pijar dapat menghemat
hingga 90 persen. Jenis ini juga merupakan lampu yang

Berdasarkan hasil penelitian dan kajian yang dilakukan Kementerian ESDM, masyarakat Indonesia termasuk pengguna
energi yang boros. Indonesia untuk menghasilkan suatu produk membutuhkan 3 kali energi yang dibutuhkan Jepang,

ramah lingkungan karena tidak mengandung unsur merkuri  Berita Popu\er disisi lain konsumsi energi Indenesia diantara negara-negara ASEAN termasuk rendah. “Indonesia jika di bandingkan
serta tidak merusak karena tidak ada Uvtnya dengan Thailand mungkin hanya 1/3-nya apalagi jika dibandingkan Malaysia lebih dari 1/6-nya. Tetapi kita masih
Error 404 : Page not membutuhkan energi yang banyak untuk men-generet semua kegiatan ekonomi dan membangun semua sekior”, tutur

. P Direktur Energi Baru Terbarukan, Kementerian ESDM, Maryam Ayuni dalam wawancara dengan sebuah televisi swasta
LED menggunakan daya yang sedikit LED tunggal Direktorat Jenderall nasional pagi ni, Rabu (2010}
berkekuatan 0,03 - 0,06 Watt dengan voltage 1anasung 15-20  pirektorat Jenderal |
mA. Pengelolaan energi lanjut Maryam, bila sebelumnya lebih fokus pada supply side management, saat ini akan lebih
Kementerian Energi 4 .
difokuskan pada demand side management, meskipun supply side management tetap menjadi perhatian, © Jangan
berpikiran sumber daya energi yang kita miliki terlalu besar, tetapi kita harus beralih bahwa berapapun sumber daya alam
yang kita miliki tetap harus kita hemat”, tambah Beliau.

Walaupun LED lebih mahal dari sumber cahaya traisional, —ckretariat Jenderal
tetapi energi yang dinemat setahun setara biaya sumber

cahaya LED, dan sisa 4-9 tahunnya adalan periode energi *Untuk menghasilkan pola hidup hemat energi diperlukan kerjasama dan kesamaan pemahaman semua pihak *
bersih yang dinemat. (KO/berbagai sumber) Janjutnya (8F)

Figure 3. Sample articles browsed by students

In the first meeting, as an opening activity, a student is voluntarily asked to reveal
his/her perspective/thinking about article/news on energy efficiency they obtain. Furthermore,
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the students were told to observe a set of electricity billings they carry with them. The teacher
told them to recall the statistic material they had ever learnt in junior high school. Then, they
were stimulated with the following questions: “What can be done to process and to display data
of electricity billing set?” and “What can we analyze and conclude from the activity of
processing and displaying the data of personal electricity billing?”” Some students answered that
the data can be ordered and displayed in the form of a table and chart. The data can also be
analyzed and processed to see the mean, median, mode, highest data, lowest data, etc.

During the main activity, the teacher gave the students the freedom of displaying and
analyzing the data of the electricity billing, and connecting it to information on energy

efficiency. The students were allowed to use the Excel™ program, calculator, and other aids.

In the first meeting of 2 x 45 minutes duration: (1) the students discussed in their group
how to collect, to process, to display, and to analyze the data of their family electricity payment
receipt, (2) the students were allowed to count manually, or use a calculator, Excel™ and other
programs/aids, and (3) the students presented their work voluntarily.

Analisis Data
Dari berbagai diagram yang telah dibuat maka, dapat dianalisis sebagai berikut

« Pembelian bensin tertinggi selama bulan Maret adalah pembelian pada mingau ke-4
yaitu 3 liter sebesar Rp.19.500

« Pembelian bensin terendah selama bulan Maret adalah pembelian pada munggu ke-
1, minggu ke-2, dan minggu ke-3 yaitu masing-masing 2 fiter sebesar Rp.13.000

« Pembelian bensin dari minggu ke-1 hingga minggy ke-3 cenderung stabil

«  Modus dari data tersebut adalah Rp 13.000,-

© Median dari data tersebut diambil nilai tengahnya { Rp 13.000,- + Rp 13.000,- = Rp
26.000,-/2 = Rp 13.000,-

Figure 4. Documentation from the first meeting

In the second meeting of 2 x 45 minutes duration: (1) the students discussed in groups
how to compare and to analyze the data of the mean monthly family electricity needs and the
mean family electricity needs of entire class, (2) the students were allowed to count manually
or to use calculator, Excel™, or other programs/aids, and (3) the students presented their work
voluntarily.

Figure 5. Documentation from the third meeting
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In the third meeting of duration 2 x 45 minutes: (1) the students made an electricity
saving campaign in the classroom using posters, brochures and or simple videos which
constituted the product of their group work at home, and (2) the students delivered their plan
of the electricity saving campaign at home, school, and social media.

In the closing activity, the students gave critique, input, and suggestions
(recommendations) to other groups and the teacher gave reinforcement (confirmation) and
drew a conclusion along with the students from the statistics and the electricity saving related
activity. The activity ended by facilitating the students to reveal the benefit of statistics with
electricity saving theme.

After the learning activity had been completed, a post-test and reflection activity were
conducted. The post-test questions were the same as the pre-test ones, related to energy
efficiency in real life. From the data of the pre-test, it was found that beliefs and awareness of
the students on the issue of energy efficiency in real life was 7.71 (medium), and increased to
10.32 (high) on the post-test. The percentage increase from pre-test to post-test was 33.9%. The
details of the analysis are presented in the Table 1.

Table 1.
Percentage of Students Belief and Awareness on Energy Efficiency in Real Life

Rubric Notes Pre-test Post-test
1 To help increase the awareness of Indonesian students on the
issue of energy efficiency in real life
To help and facilitate Indonesian students with the scientific and
2 practical knowledge regarding energy efficiency and related skills 66% 66%
to reduce or minimize the use of energy
To help increase Indonesian students’ beliefs on the importance
of mathematics, science, and technology that will motivate them

62% 67%

0, 0,
3 having good attitudes toward mathematics, science, and 9% 98%
technology
To help increase Indonesian students’ beliefs on the importance
4 of mathematics, science, and technology that will motivate them 24% 73%

having good attitudes toward mathematics, science, and
technology

Reflection

One of the strengths of this research is that the theme of statistics is consistent with the
Curriculum 2013 of old spectrum for the tenth grade of vocational school with topics including
‘displaying data in the form of certain table and chart/plot which is consistent with the
information to be communicated’. The students are expected to display the data in the form of
tables and diagrams (chart), and to analyze and to communicate their representations. The
contextual issue raised is electricity saving. The students were asked to process and to analyze
the data of their families’ electricity use. Learning activities emphasized reasoning and the
contextual problem solving was more meaningful to the students, compared with an activity
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focusing only upon sharpening mathematic skill with drill and practice. In addition, this
learning activity utilizes the technology the students have mastered, such as the Excel™
program or calculator, to process and to display data.

This learning activities also utilized the students’ ability to prepare simple posters and
videos. The students’ ability of using technology should be directed and accustomed to develop
the positive things. In this research, the students were told to prepare simple posters and videos
for campaigning electricity saving in the classroom, school environment, and society, either
directly or indirectly. The indirect campaign could be carried out using social media. Through
this activity, the students are expected to be accustomed to using technology and social media
wisely and positively.

In the learning process, there was an activity of analyzing the factors affecting the
volume of energy use; it is very good for the students to reason and to reflect on daily activity
in the student family related to habits and decisions in using energy. Through discussing and
arguing corresponding to the students’ experience, the students were expected to use energy
wiser.

On the other hand, this research has some weaknesses as well, one of which is that
learning was started with contextual problem, but the packaging of student worksheets still
needed improvement to be more engaging. This will make learning more meaningful and joyful
and invites the students to think and to be independent compared with previous statistic learning
conducted by the author. In the beginning of learning, the discussion concerning energy should
be conducted in a shorter time.

The teacher gave the stimulus question when starting the lesson: What can we do to
process this data based on your previous experience? However the teacher did not need to
emphasize or to direct the students to calculate immediately or to calculate the mean only. The
students should be given time and discretion to determine what will be done. The teacher did
not impose a limit or standard to conclude whether electricity use belongs to high or low
category. The teacher should raise the error one group made in drawing a line chart and
challenge them to use a deeper source of exploration. However, it is better for the entire group
to present its work. Or if possible, presentation gallery can also be used to display and to discuss

students’ work.

The most appropriate technology integration was the one using Excel™ program,
however in one activity it was not been utilized optimally. The teacher should position himself
or herself or serve as a facilitator. The closing activity should emphasize what can be developed
after learning this material.
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Conclusion and Recommendation

This lesson study activity is really beneficial to the students, teachers, and schools
involving in this research. From this activity, the following conclusions can be drawn: (1) it is
very important to start the learning with contextual problem, to make the students understand
more about the benefit of mathematic learning, (2) the main activity of learning should be
started by giving the students the discretion to reason and to solve the problem using the
knowledge they have, thereby the learning is more meaningful to the students because the
students construct their own knowledge, (3) the appropriate media choice highly supports the
successful learning, in this case Excel™ utilization to process and to present the result of data
analysis, (4) the students’ IT skills (e.g. video/poster/social media) can be used to improve their
communicating skill and positive character development, (5) the teacher should actually serve
as a facilitator, focusing on the students’ activity to make them independent and creative, (6)
in the closing activity, the teacher should give feedback and reinforcement, and emphasize on
what the students can develop by learning this material.

Considering the conclusion above, the authors recommend other researchers to take the
following actions into account. First, vary the contextual problem design with open-ended
questions, thus, the students can determine their own way of solving the problem. This design
allows for the varying solution corresponding to the students’ experience and creativity.
Second, in the data collection process, the students should attempt to make an experiment
related to energy efficiency, so that the learning process will be more meaningful and impacts
on the change of energy efficiency habit.
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