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	Abstract:
The author is working, in collaboration with the city of Shiojiri, Nagano Prefecture, to develop a smart city in Shiojiri. Within this initiative, one key project aims to develop human resources with commitment to the local community and the ability to solve local issues with ICT. This project is composed of a curriculum for elementary school students to stimulate interest in ICT and provide experience solving local problems using ICT, and a curriculum for high school students whose purpose is mastery of cutting-edge technology in areas such as IoT and data science. This paper describes this curriculum, explains the instructional aids developed for use in the curriculum, and provides an overview of programming classes for elementary school students that have been implemented thus far.



	Lessons learned and suggested best practices (if appropriate)
In order to realize a smart city in a certain region, human resources with ICT skills must be available in that region. In light of the fact that there is a shortage of such human resources all over the world, we are creating a human resources development curriculum for students ranging from elementary to senior high school so that the needed human resources can be developed independently within the region. 



1. Background
Smart city initiatives working to solve local issues using ICT are underway in communities all over Japan. The purpose of these efforts goes beyond just solving problems; aims also include cultivating regional industries which use ICT, and luring ICT firms to the region. However, the availability within the region of human resources with ICT skills is essential for cultivating regional industry and attracting companies.
There is a shortage of human resources with technical skills in ICT throughout Japan, and courses for developing human resources with ICT skills have previously been held in specific regions for the purpose of regional development. These courses have often been targeted at young engineers working at local companies, university students, and so forth, and in regional cities, it often happened that, even when new talent was developed, the course graduates left the region with the skills they mastered, and worked at a company in a large city. One cause of this is thought to be that the courses were simply places to learn techniques, using pre-prepared instructional aids, and the content had little connection with a locality trying to solve actual problems using ICT together with relevant persons from the community．
We wanted, through a course, to provide an experience with commitment to the region, by giving local young people the opportunity to solve actual problems of the community together with relevant persons from the region using ICT. By "local young people," we mean local elementary, junior, and senior high school students.
The city of Shiojiri in Nagano Prefecture is planning to work on "Developing creative ICT human resources", the author has decided on a human resource development project. This project is targeted at a wide range of ages, from elementary to senior high school students, and its main distinguishing features are solving local issues using ICT.
[bookmark: _GoBack]This project commenced in 2016, and in terms of results, it has grown beyond Shiojiri, and is now offered to elementary and junior high school students in five municipalities including Shiojiri. We are currently devising a new curriculum, and developing instructional aids for implementing that curriculum based on our results thus far[2][3].
2. Requirements for curriculum and instructional aids
Requirements for the curriculum we are developing and the instructional aids used in that curriculum are as follows:
(1) Requirements for curriculum
・Aimed at elementary, junior, and senior high school students
・For elementary and junior high school students, curriculum should stimulate interest in ICT, and develop the ability to solve social problems using ICT 
・For high school students, curriculum should impart cutting-edge technology and knowledge in areas such as IoT and data science
(2) Requirements for instructional aids
・Should enable easy programming
・Should be obtainable at low-cost, and easily usable even at home
・Should allow easy connection of external devices
3. Proposed curriculum
The purpose of the curriculum we are developing in this project is for students to learn about solving local problems using IT technology. In response to problems presented by the community, elementary, junior, and senior high school students gather with government personnel, experts, and other relevant persons, and a "project" is formed to solve the problem.
Regarding the instruction model based on this project, a curriculum has already been developed based on the results of trial implementation with the cooperation of relevant persons. We are also developing instructional aids used in this curriculum. Fig. 1 shows the educational curriculum plan currently under development.
The curriculum for elementary and junior high school students is composed of Part 1 and 2. In Part 1, students assemble the instructional computer (IchigoJam) described below, and through that they develop an understanding of computers (Part 1(1)) and learn programming (Part 1(2)). This section stimulates an interest in IT. In Part 2, students actually build a sensor network for gathering data to solve problems.
Government enables citizens to use this data, gathered by elementary and junior high school students, for easy visualization and release as open data via LinkData modules. In this way, the elementary and junior high school students working in Part 2 can be aware that the system they have built is useful to the community, and they can learn while gaining an appropriate sense of achievement.
The curriculum for high school students serves as Part 3. High school students learn data analysis techniques, and while receiving advice from relevant persons and experts, they carry out analysis based on data released as open data and information provided by relevant persons, and proceed with development of a web application for use by citizens. The government engages in ongoing talks with the high school students about the results, and publically releases the web application to the extent that is possible. In this way, high school students can be continually aware that the results of their own learning are useful to the community, and they can feel an appropriate sense of achievement.
[image: ]
Fig. 1: Curriculum currently under development
4. Proposed instructional aids
4.1 Computers 
IchigoJam is a computer board released in April 2014. When this board is connected with a power supply, keyboard, and TV, it becomes a computer running a BASIC interpreter. Its features are indicated below.
(1) Enables easy programming
When power is switched ON, a BASIC interpreter starts up. A BASIC program can be input from the keyboard, and immediately executed by typing RUN and commands. There is no need for knowledge of OS, files, editors, language tools, etc.
(2) Can be obtained at low cost, and easily used, even at home
A kit that can be assembled by soldering can be purchased for 20 dollars or less. 
(3) Connection of external devices is easy
The board is equipped with an input/output port and serial communication port, and these can be directly controlled from the program. Therefore, sensor network terminals can be easily developed.[image: ]
Fig. 2: Water level sensor connected to IchigoJam (center)


4.2 Sensors
The sensor currently provided as an instructional aid is for measuring water level. The water level sensor has two purposes: to help with disaster prevention by monitoring the water level in rivers, and to help with the adoption of IoT in agriculture by monitoring the level of water in rice paddies. The sensors used were developed by Dr. Shouhei Yano, Associate Professor at the National Institute of Technology, Nagaoka College (Fig. 2). The main distinguishing features are the simple structure, with a principle of operation that can be understood even by elementary school students, and the low price of around $20.
Also, a commercially available temperature/humidity measurement sensor chip was used as an instructional aid by connecting with an I2C interface.
4.3 Communication module
IchigoJam is not equipped with communication capability, so a wireless communication module was developed as an instructional aid. This is a 429-MHz specific low-power communication module that can be connected to the sensor repeater network we are operating in Shiojiri City. 
5. Actual class situation
Using Fig. 3, this section explains how part of the proposed curriculum has been implemented using the developed instructional aids. 
The implemented curriculum is made up of Part 1(1), Part 1(2), and Part 2, and implementation has been underway since March 2016. For Part 3, instructional aids are still under development, and that part has not been implemented.
The communities where the curriculum has been implemented are: Shiojiri City, Nagano City, and Urugi Village in Nagano Prefecture, Tonami City in Toyama Prefecture, and Kisosaki Town in Mie Prefecture. In every community, implementation is being done in collaboration with local government. Except in Kisosaki Town, implementation was done on weekends at public facilities in the relevant community. In Kisosaki Town, implementation was done on weekdays, with the cooperation of the board of education, as a class for 5th and 6th year elementary school students, and 2nd year junior high school students.
5.1 IchigoJam assembly and introductory programming (Part 1(1))
After providing an explanatory overview of the instructional aids, IchigoJam was assembled by soldering. After checking operation, it was explained how to write, correct, execute, save, and otherwise work with programs, and as a simple example, a program was created for making the LED on the board flash.
5.2 Programming training (Part 1(2))
Classes were conducted for topics (a)-(d) at the bottom of Fig. 3, while keeping in mind the aim of stimulating interest in IT among the students. The children enthusiastically worked with all the instructional aids. 
[image: ]
Fig. 3: Implementation of proposed curriculum (as of August 2019)
5.3 Building a sensor network terminal (Part 2)
Here students experience building a sensor network terminal, by connecting a sensor or motor to IchigoJam, and then controlling it with a program. However, in 2016 sensor instructional aides were not ready in time, so students were instructed to operate a robot by creating a control program using robot instructional aids. From the second half of 2017, courses were given using temperature/humidity sensors, and from 2019, classes were conducted using water level measurement sensors (Fig. 4).
[image: ] [image: ]
Fig 4: Scenes of Part 2
　Line-tracing self-propelled car (left), Rice paddy water level sensors (right)
6. Conclusion
For Part 1 and 2, courses will be held this year too in the cities of Shiojiri, Nagano, and Tonami, and the town of Kisosaki. In Kisosaki, all 5th and 6th year elementary school students, and 2nd year junior high school students, have taken this class, but for the future, we are developing plans for IoT classrooms, to be held after school in the library.
For Part 3, we are currently working to develop instructional aids enabling students to learn data analysis, and a trial is scheduled to be carried out in Shiojiri City within this year.
Also, the author, in collaboration with Nagano Prefecture, has cooperated since 2015 with operation of an app contest called "Shinshu Future Apps Contest Zero," and linkage with this curriculum is being considered.
Furthermore, an event called "Web x IoT Makers Challenge" of the Ministry of Internal Affairs and Communications is currently being held in Shiojiri City. This event is for students and young engineers, and is composed of a hands-on course on IoT technology, and a hackathon. Collaboration is also being considered with an eye toward linkage with the Part 3 curriculum aimed at high school students. 
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