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Abstract

The Geographic Information System (GIS) has rapidly spread into
society since the 1990s. Meanwhile, the potentials of GIS utilization
have been pointed out in the education field including school education.
However, GIS has not been introduced into classes yet.

This dissertation examines the possibilities of using GIS in school
education in Japan from different aspects, such as understanding the
nature and problems of the Japanese national curriculum standards from
the viewpoint of introducing GIS into school education, the
characteristics of students as future potential GIS wusers, the
development and evaluation of Cellular Phone GIS on the basis of
users’ needs and characteristics, and awareness of Finnish education as
a successful case in introducing GIS into school education.

In Japan, most upper secondary school teachers have hardly ever used
GIS in class. The national curriculum standards do not include any
mention of GIS or learning content relating to the basics of map
literacy and map skills.

The results of the surveys on the map literacy of students showed that
their accuracy in map reading was related to their level of spatial
cognition, number of reference points used and experience in studying
and reading maps.

Applying these findings, the development and evaluation of “Cellular
Phone GIS” for fieldwork in school education were conducted. Through
experiments with lower and upper secondary school students, it was
confirmed that Cellular Phone GIS helped them to do the fieldwork and
classes after the survey went smoothly. It encouraged the students to
participate in classes and provided them with opportunities to consider
their findings from many perspectives.

Also, Finland was taken up as the case of a country that successfully
introduced GIS. The strategies for Finnish education included the
educational curricula to develop students’ map reading skills to enable
them to use GIS by themselves in upper secondary school, training for
teachers in the new content of education, improvement of the conditions
surrounding GIS software and cooperation with other countries.

Through the dissertation, it became clear that the national curriculum
standards and their educational content, education and training for
in-service teachers and university students as future teachers and
development of GIS to solve the problems in class would be the key to
installation and utilization of GIS in school education.
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Chapter 1. Introduction
1.1 Background of the study

The Geographic Information System (hereinafter called GIS) with
functions such as capturing, storing, analyzing, managing and presenting
data that refer to or are linked to location has rapidly spread into society
since the 1990s. Recently, GIS has become more accessible because car
navigation systems, web-mapping applications and other services using GIS
have come to be accepted in society. Nowadays, GIS is a social infrastructure.
GIS applications are tools that allow users to create maps easily, display and
output attribute data and media files such as images, movies and sounds on
maps, and analyze spatial information (Kohsaka and Sekine 2003). The
potentials of GIS utilization have been pointed out in geography which deals
with maps, as well as in social studies, earth science, environmental studies,
and ultimately, in all subjects in primary and secondary school education.

The necessity of introducing GIS into education has been discussed
mainly from two dimensions. One is that the functions of GIS will contribute
to development of “the ability to learn and think independently by and for
oneself” which is emphasized in the national curriculum standards (Ministry
of Education, Culture, Sports, Science and Technology; MEXT 1998a, 1998b,
1999). Today’s primary and secondary education expects maps which
visualize phenomena not only to provide knowledge to students, but also to
make students understand things in relation to others.

The other dimension concerns training present and future users of GIS as

a social information infrastructure. Utilization of GIS requires skills in



computer operation, map reading, data analysis, interpretation and so on.
From the point of view of developing human resources to support society, it
is considered worthwhile to introduce and utilize GIS in school education.

Previously, both GIS software and spatial data for GIS used to be so
expensive that only limited users could buy them. However, data sharing
using maps as a function of GIS attracted attention following the Great
Hanshin-Awaji Earthquake in 1995. Since then, GIS has been regarded as “an
important intellectual infrastructure in the advanced information society”
(Chiri joho shisutemu (GIS) kankei shocho renraku kaigi 2003). The
Japanese government took the initiative of collecting and standardizing data,
and nowadays, many such data can be obtained freely via the Internet. Also,
many freeware or inexpensive shareware GIS applications with excellent
functions can be downloaded from the Internet. Furthermore, the “e-Japan
strategy” was launched by the Japanese government in 2002, with the result
that the computer and network environment in schools was dramatically and
rapidly improved.

Nevertheless, such improvement of the GIS environment has brought
neither a tremendous increase in GIS users in schools nor dramatic changes

in school education.

1.2 Research purpose, methods and structure
The purpose of this dissertation is, for further utilization of GIS in
school education, to clarify the effectiveness and problems of GIS in

education and ascertain the future direction of introducing GIS into school



Computer,
software, data
—————— and network

environments
in schools

Utilization of GIS
in school education
in Japan

Education-
friendly GIS

Figure 1-1 Framework of introducing GIS in school

education



education from various perspectives.

The hypothesis of this research is that the school environment including
the education curricula, the computer, software, data and network
environments and the installation of education-friendly GIS will make it
possible to utilize GIS in school education in Japan (Figure 1-1).

Based on this fundamental assumption, this research clarifies the actual
conditions and background of GIS in school education from teachers’
opinions and the Japanese educational curricula. Classes using GIS
developed for utilization in classes are conducted and evaluated by students.
Furthermore, the research tries to identify the method and background of
introducing GIS in a successful example. From the findings in these
approaches, the direction of utilizing GIS in school education is discussed.

The structure of the dissertation is illustrated in Figure 1-2. In Chapter 2,
the author conducts a questionnaire survey of Japanese upper secondary
school teachers to clarify the extent to which GIS is actually used in class
and to discover the current status and background of using GIS in school
education. The situation of GIS in Japanese school education is also
considered from the perspective of the national curriculum standards.

In view of these facts, in the next phase the author considers how to
develop GIS for use in school education. To develop GIS for school
education, it is necessary to understand users’ characteristics, develop GIS
itself and practice and evaluate the developed GIS.

GIS users in school education are teachers and students. To develop GIS

based on consideration of the characteristics of students as the main users,
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the author sets out to clarify how accurately they can read maps and what
reference points they use to read maps by age in Chapter 3.

In Chapter 4, the author explains the development of GIS with
consideration for the needs of school teachers and the characteristics of
students, and practices this developed GIS in classes from lower secondary
school to university for evaluation by the students as users. This is the
development of “Cellular Phone GIS,” an integrated system of mobile phones
and WebGIS.

In Chapter 5, to consider a case in which GIS has been successfully
introduced into school education, the author focuses on Finland. The actual
state of Finnish teachers’ usage of GIS is clarified by questionnaire and the
background of introducing GIS in school education in Finland is observed
from many aspects.

In Chapter 6, the author summarizes the findings and contributions of the
dissertation and discusses the need for introducing and utilizing GIS and for

future research.

1.3 Previous researches
1.3.1 Research on introducing GIS into school education

Introducing GIS into the education field, especially into primary and
secondary education, has been discussed all over the world for more than a
decade. Many scholars believe that GIS will contribute to quality in
education because GIS has the educational effectiveness (Bednarz 2004) of

developing students’ spatial cognition and helping their decision making



processes (MacEachren 2000, Sugumaran et al. 2004) as well as increasing
students’ motivation to learn (West 2003). Even in the United States, where
utilization of GIS in class has been promoted progressively, the fact that use
of GIS has failed to become established in schools has often been reported
(Kerski 2003, Baker 2005). In Japan, Fukuda and Tani (2003) mentioned that
Japanese schools hardly ever use GIS in class.

Obstacles to introducing GIS into school education are assumed to be the
national curriculum standards, the computer and network environments in
schools (Minamino 2003), and time constraints because introducing GIS
requires a great deal of time to install GIS on the computers, input data and
teach students computer literacy, map reading skills and the basics of GIS.
However, it is thought that GIS will improve the quality of education and
support classes, although the possibility is also pointed out that teachers and

students may be burdened by introducing GIS (Yuda and Itoh 2007).

1.3.2 Research on map reading skills

Some studies have dealt with students’ map drawing skills and
development stages. lwado and Sashima (1977) wrote about objects and
drawing styles by age based on hand-drawn maps in elementary school.
Ninohira (1977) showed the differences in level of expression of space with
symbols on maps drawn by students from the 1st to the 7th grade. Teramoto
(1994) explained how children’s cognitive space broadens according to their
stage of development using hand-drawn maps by children. Shinohara (1993)

researched the map literacy of university students using topographic maps



and their map education in primary and secondary education.

Map reading skills can be considered from the point of view of spatial
cognition. Studies in the field have already been accumulated and there are
many notable theories to explain spatial cognition (Golledge 1978, Evance
1980, Siegel and Schadler 1977). Wakabayashi (1999) said that clarifying the
processes by which humans recognize space will “be useful knowledge for

improving geography education and the development of GIS.”

1.3.3 Research on the development and practice of GIS in education

Research on introducing GIS into the education field has mainly focused
on the effectiveness of GIS in class through practical exercises. These
studies have been observed since the 1990s.

To introduce GIS in the education field in Japan, Akimoto (1996)
explained about GIS and discussed the problems of introducing GIS into
upper secondary schools. Itoh et al. (1998a) and Itoh (1999) explained trends
and examples in the United States and mentioned the possibilities of
introducing GIS into school education. As for the possibilities of introducing
GIS into classes, Ozeki and Hayakawa (2003) considered GIS the ideal
support for the chorographical method. Fukuda and Tani (2003) conducted an
inquiry survey targeted at teachers and discussed how GIS can be utilized in
geography education in upper secondary schools. Itoh and Ugawa (2001)
examined the possibilities of using GIS in environmental education through
practical use of GIS.

Regarding software, Kobayashi (2001) developed GIS using Microsoft



Excel and Tani developed free GIS software MANDARA and practiced it in
classes with teachers in secondary schools (Tani et al. 2002).

Some case studies on fieldwork using GIS have been conducted. Ugawa
and Itoh (2002) and Yang et al. (2001) reported on environmental studies
using WebGIS. Sugimori (2004) combined digital image data with GPS, and
then put the processed data on a map. And Mizutani et al. (2007) used a
PDA-sized GIS terminal “‘ArcPad’ developed by ESRI.

Itoh et al. (1998b) and Okunuki et al. (2000) provided the model for the

research and previous studies using Mobile PC GIS or PDA GIS.

1.3.4 GIS and education in foreign countries

In Japan, some researches about education using GIS in foreign countries
have been introduced. A few examples such as the United States by Itoh et al.
(1998a) and Itoh (1999) and Taiwan by lda (2004) have been introduced.
Geography education in other countries has been introduced, such as
education in the United States (Nakayama 1986, Minamino and Fujii 1992),
England (Ueno 1994), New Zealand (lda 1995), Sweden (Murayama 1996),
Germany (Mizuoka 1981) and so on, but they do not mention GIS.

With regard to Finnish education, there are studies on teachers’ opinions
of GIS (Johansson 2003) and practice in using GIS (Johansson and Pellikka
2005, Johansson 2006). However, there are no comparative studies about
education using GIS with any other countries. It is the same in Japan. In
Japan, Finnish education has attracted a lot of attention in recent years

because it boasts the highest academic achievement in the world.



Nevertheless, no specialized study on geography education in that country

has been published yet.
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Chapter 2. School education and GIS in Japan
2.1 Research purpose and methods
2.1.1 Previous researches and purpose of the study

Introducing GIS into the education field, especially into primary and
secondary education, has been discussed all over the world for more than a
decade. Many scholars believe that GIS will contribute to quality in
education because GIS has the educational effectiveness (Bednarz 2004) of
developing students’ spatial cognition and helping their decision making
processes (MacEachren 2000, Sugumaran et al. 2004) as well as increasing
students’ motivation to learn (West 2003). Also, Ida (2003) says that the
functions of GIS can be applied to education, because GIS can be used to edit,
analyze and understand data corrected by field work or from the Internet.
Itoh and Ugawa (2001) also say that GIS can be applied to environmental
education from the same perspective. Furthermore, many experiments show
the effectiveness of GIS in education (Tinker 1992, Baker and White 2003,
Kerski 2003, Johansson 2006, Kobayashi 2001, Tani et al. 2002, Tatsuoka
2002).

At the same time, the fact that use of GIS has failed to become
established in schools has often been reported (Kerski 2003, Baker 2005).
How many schools have actually introduced GIS? For example, even in the
United States, where GIS has been positively accepted, less than 1% of upper
secondary schools have actually introduced GIS (Kerski 2001). In Japan,
according to research by Fukuda and Tani (2003), only 1 out of 72 upper

secondary schools in Saitama prefecture had used GIS in lessons.
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As expectations of GIS use have been raised in various situations, the
government of Japan has promoted the development of a National Spatial
Data Infrastructure since 1995. GIS was also included in the “e-Japan
strategy” that was formulated in 2002, in which ministries and agencies
cooperate to provide map data or spatial data free through the Internet * ),

At the private sector level, many kinds of GIS such as map services like
Google Maps and free or inexpensive GIS applications have been provided
through the Internet.

Furthermore, the “e-Japan strategy” says, “ ‘Digitization of education’ in
the Millennium Project should be accomplished earlier than originally
scheduled to facilitate Internet access from elementary, junior and senior
high schools and enable IT-driven education.” (The Strategic Headquarters
for the Promotion of an Advanced Information and Telecommunications
Network Society 2002) Since then, the computer and network environment in
primary and secondary education has improved dramatically (Figure 2-1).

We can say that nowadays the environment for using GIS is improving. It
seems, however, that even though the environment for using GIS in schools is
ready, GIS is still not being used in class. What are the obstacles hindering
the introduction of GIS into school education?

This chapter aims to consider the school environment into which GIS can
be introduced. For this purpose, the author identifies obstacles to the
introduction of GIS in school education by a questionnaire survey to teachers
and examines the actual situation of GIS in school education in Japan from

the viewpoint of the educational curriculum.
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2.1.2 Research method

To clarify the actual status and background of GIS in school education in
Japan based on teachers’ opinions, the author conducted a survey of upper
secondary school teachers by questionnaire on the use of GIS in class.

The author conducted an inquiry survey of geography teachers in upper
secondary schools in the Hokuriku district. The contents of the survey
included the teacher’s major, subjects and grades taught, use of GIS and

opinions on GIS (Appendix 2-1).

2.2 Research on use of GIS in upper secondary schools in Japan
2.2.1 Characteristics of geography teachers and use of GIS

The survey was conducted from December 2006 to January 2007 and the
qguestionnaire was distributed to all 156 upper secondary schools in 3
prefectures (Toyama, Ishikawa and Fukui) in the Hokuriku district. This
region was selected because it is regarded as a typical local area, with about

2 ) is comparatively independent from metropolitan

3 million inhabitants
areas such as Tokyo or Osaka, and each prefecture has developed from its
prefectural capital, because the Hokuriku district has no particular city or
area where many functions or population are concentrated. Therefore, it was
possible to collect a less biased sample.

The percentage of replies was 34.6 percent (54 persons). 85.2 percent of
respondents were male (46) and 14.8 percent were female (8). Their average

age was 42.9, with teachers in their 30s and 40s predominant (Figure2-2).

Respondents in their 20s are few because of the effects of negative
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recruitment of teachers in recent years.

The work experience of the teachers is similar to the tendency of the
teachers’ age structure and shows a high proportion of teachers with over 30
years’ experience (Figure 2-3).

Half of the teachers surveyed (48.1 percent, 26) teach only geography,
while 44.4 percent of the teachers (24) teach geography and other subjects.
In other words, 92.6 percent of respondents teach geography classes
(Table2-1). AIll of the teachers who teach more than 2 subjects including
geography also teach history. This is because the teaching certificate for
geography teachers is issued as a teaching qualification in geography and
history and teachers who hold this license can teach both subjects in Japan.
Other subjects taught include informational studies, civil engineering and so

on.

2.2.2 Teachers’ knowledge and experience in use of GIS

Of the respondents, 42.6 percent (23) answered that they are already
familiar with GIS (Table 2-2). They studied GIS by themselves or through
in-service training courses on GIS. Few of the teachers (9.3%) had studied
GIS in university (Table 2-3).

Of the teachers surveyed, 25.9 percent (14) have used GIS (Table 2-4).
One quarter of those surveyed understand GIS and have used this tool.
However, only 16.7 percent (9) use GIS personally, and, surprisingly, only a
few teachers have used GIS in class (5.6 percent, 3, Table 2-5). 2 of these

respondents used this tool in geography class and one teacher conducted a
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Table 2-1 Subjects taught

Subjects (%)
48.1
Geography . 42.6
HISIOY  \yelfare 1.9
History 1.9
Civil Engineering 19
Information Studies 3.7
(n=54)
Table 2-2 Familiarity with GIS
(%)
Yes 42.6
No 574
(n=54)
Table 2-3 Method of studying GIS
(%)
Self-learning 435
In-service teacher training courses on GIS organized by public organizations 391
such as government entities or universities '
Studied at university 21.7
In-service teacher training courses on GIS organized by private companies 4.3
Others 4.3

Table 2-4 Previous experience in using GIS

(%)
Yes 25.9
No 74.1
(n=54)
Table 2-5 Experience in using GIS in class
(%)
Yes 5.6
No 94.4
(n=54)
Table 2-6 Software used
(%)
MANDARA* 33.3
KASHMIR 3D* 33.3
Google Earth 16.7
Chizu Taro* 16.7
Digital maps issued by GSI 8.3
ArcGIS 8.3
Super hi map* 8.3
Junior hi map* 8.3

*Qriginal software developed in Japan
(Multiple answers, n=12)
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regional survey with GIS in a civil engineering class.

Most of the GIS software that has been used or is currently being used is
freeware, which is available on the Internet, such as MANDARA, Kashmir
3D, digital maps issued by the Geographical Survey Institute or Google Earth
(Table 2-6). Some OTS software is inexpensive (about 10,000 JPY). Only one
teacher used ArcGIS, an expensive GIS software for professionals.

In Japan, some GIS software has been customized for Japan and also
digital spatial data is available for free downloads. From this point of view,

the environment is favorable for using GIS and teachers can benefit from it.

2.3 Teachers and GIS: the ideal and the reality
2.3.1 GIS from the teachers’ perspective

It was believed that GIS would spread to the field of education through
abundant hardware and software. However, the last decade shows that GIS is
not used even though the tools and environment around GIS have improved.

As mentioned above, few geography teachers use GIS, but 75.9 percent
(41) of respondents answered that GIS is useful to high school geography
education (Table 2-7).

Table 2-8 shows teachers’ opinions on GIS. Here the respondents
answered that they do not have sufficient skills to operate GIS. More than
half of the teachers said that existing desktop GIS or WebGIS does not have
functions which are suitable for classes. However, the respondents thought
that there were many advantages to be gained by utilizing GIS in class. An

often-recurring answer regarding the advantages of using GIS in education
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was the visualization of data on maps. Also, some teachers pointed out that
these maps help pupils to understand the data and phenomena in the study
area. Furthermore, some teachers think that such data visualization on maps
motivates pupils and increases their interest in geography. Many of the
general characteristics of GIS were also mentioned, such as the ability to use
fresh data, analyze specific data, deal with multidisciplinary themes, create
thematic maps quickly and develop computer literacy. Many teachers think
GIS can enhance the problem-solving skills and spatial thinking skills of the
students. In addition, 67% of the respondents pointed out that GIS can be
used in cross-disciplinary education.

As mentioned, although few teachers actually use GIS, they are aware of
how effective GIS can be in school education. In other words, teachers have a
positive recognition of GIS, but they are reluctant to introduce this tool into

their classes.

2.3.2 Teachers’ view of obstacles to the introduction of GIS into school
education in Japan

Problems surrounding the installation of GIS are, in other words, the
reason why almost none of the teachers have used GIS in class. 57% (31) of
the teachers gave the reasons for why they do not use GIS. The biggest
problem they mentioned was that it takes too long for teachers to prepare for
lessons. Their thinking is that it is hard to have classes that incorporate GIS.
Already they must teach so many things in the curriculum, but teaching hours

are limited, and also they have so much to do besides lessons that they have
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no time to prepare for lessons. Some respondents explained that the
education system in Japan, such as the national curriculum and university
entrance examination, is a further reason why the GIS system is rarely used.
The moment they think of the national curriculum, which has strict
guidelines on education, they soon give up any desire to conduct lessons
using GIS, even if they are interested in this tool. Also, the respondents said
that the computer environment, such as the number of computers or
high-performance projectors, is one of the problems. Teachers themselves are
also a problem. Pupils’ motivation and ability and society’s unfamiliarity
with GIS were also raised (Table 2-9).

Previously, the most frequent answers as to the reasons for not using GIS
were the computer facilities in school, the price of software and datasets and
the usability of GIS programs. Indeed, as shown in Figure 2-1, these points
have improved dramatically over the last few years. Almost all schools have
increased the number of installed computers and introduced broadband
Internet connections; therefore, teachers and students can obtain GIS
freeware and digital data from the Internet 2 ). From the viewpoint of using
GIS, Japanese schools are in a favorable situation for utilizing this tool
(Yuda and Itoh 2006). However, it is still true that some teachers say that
they cannot use this system because of the computer environment in schools.
Hence, we can discern the existence of teachers who have realized that using
GIS in education is a matter that largely concerns themselves. They have
realized that the problem is the teachers themselves who say that they do not

have time to prepare lessons or learn new skills and knowledge.
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Table 2-7 GIS is useful in high school geography education

(%)

Yes 75.9

No 7.4

Don’t know 5.6

N.A. 11.1
(n=54)

Table 2-8 Teacher’s opinions of GIS (%)

Fully Moderately Don’t
agree agree know

Moderately
disagree

Fully
disagree

I can use the basic functions of at least
one GIS software in a way that
enables me to use GIS as a tool in
education.

Most common desktop GIS software has
an adequate number of functionalities 7.84 255 9.8
for educational purposes.

Most Internet-based GIS software has an
adequate number of functionalities for 3.92 275 9.8
educational purposes.

There is plenty of GIS data on the area
surrounding our school available on 5.88 19.6 7.84
the Internet.

Available GIS data from various sources
can be used without modification for 39 11.8 235
my own educational purposes.

GIS software can be used in education
because thematic maps can be created 314 39.2 11.8
with it.

The use of GIS can support
inquiry-based learning in lessons.

GIS software is often too difficult to use. 5.8 37.3 7.84

GIS software can be used in education
because regional analyses can be done 235 47.1 5.9
with it.

GIS software can be used in education
because our own observations can be 451 33.3 1.96
visualized with it.

GIS software can be used in education
because the map objects can be 39.2 353 5.9
selected and classified with it.

The use of GIS in education enhances
the problem-solving skills of the 17.6 39.2 11.8
students.

The use of GIS in education enhances
the spatial thinking skills of the 373 37.3 0.0
students.

The use of GIS brings additional value
to geography education in schools.

GIS can be well used in
cross-disciplinary education.

7.84 17.6 11.8

17.6 41.2 59

29.4 49.0 3.9

33.3 33.3 3.9

54.9

7.84

5.88

15.7

15.7

3.92

2.0
19.6

7.8

5.88

2.0

5.88

3.9

2.0

2.0

7.84

49.0
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51.0

451

13.7

33.3
29.4

15.7

13.7

17.6

255

21.6

15.7

275
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Table 2-9 Japanese teachers’ opinions of problems in implementing GIS

(%)
Preparation for lessons 29.0
Lesson hours 194
Limitation of computer facilities 16.1
Teachers ability 12.9
Curriculum 6.5
Operation of software 6.5
Coping with less able pupils 3.2
Many school jobs besides lessons 3.2
Students' motivation 3.2
Time required to set up and use PC and teach software 3.2
University entrance exam 3.2

(Multiple answers, n=31)

29



Teachers are trapped in a vicious cycle; the lesson hours during which
they can introduce GIS in class are limited, they have many things to do
outside of school hours and not enough time to prepare lessons and study GIS,
therefore they do not know how they can utilize GIS in class.

In the matter of time for preparation of lessons or lesson hours, GIS
software accounts for part of the problem. To introduce common GIS
software in a class, teachers need to prepare the data set. If students are to
use GIS to analyze data and examine the results, the teacher needs to teach
them how to operate the software and the students need time to input the
corrected data by themselves. This means that the teachers have a heavy
workload and lesson hours and time outside of lesson hours are put under
pressure because of introducing GIS. This is sometimes painful for teachers
and students. Because of the work involved in using GIS, there is a risk of
not only losing the benefits of GIS, but also missing the aims of lessons and
the original purpose of introducing GIS into lessons. Therefore, although the
teachers would like to try to use this tool, they cannot afford to conduct
classes with GIS.

Also, from the viewpoint of the education curriculum, the teachers
commented that they cannot find a linkage between the national curriculum
standards and GIS, they think that GIS is unnecessary for the university
entrance examination, or they have no time because there is already so much
to teach in the curriculum.

In summary, the points surrounding diffusion of GIS in school education

in Japan can be summarized into two aspects: the environment in schools
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Figure 2-4 Diagram showing current situation of GIS in education in Japan

31



including the teachers’ situation, lesson hours and facilities, and the
education system defined by the national curriculum standards. The
difficulties in introducing GIS inherent in each part are as shown in Figure

2-4.

2.4 Japanese educational curriculum and GIS

In the foregoing section, more than half of the respondents are of the
opinion that GIS does not have the functions to suit lesson content. Some
also say that they cannot find a linkage between GIS and the education
curriculum.

These opinions indicate how teachers think of the current education
curriculum and GIS. Teachers say that they think GIS does not suit the study
content prescribed in the national curriculum standards, they do not know
how to use GIS in the curriculum, or they cannot use GIS because there is so
much content to be taught in the curriculum. This means that teachers have a
passive attitude toward using GIS in class, because they always have in mind
the national curriculum standards.

It was thought that improvement of the computer environment in schools,
software and information on the system would enable GIS to penetrate the
field of education. However, teachers are required to think of lessons within
the curriculum defined by the government.

What is the education curriculum in school education? How is the
education curriculum decided, and how big is the impact of the curriculum on

school education and GIS? In this section, the aim is to examine the reasons
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for the lack of use of GIS in the education field through understanding of the

education curriculum in Japan.

2.4.1 “National curriculum standards” and the education curriculum in Japan

The content of education in Japan is defined in the “Gakushu Shido Yoryo
(National Curriculum Standards)”. The national curriculum standards are the
standards of the education curriculum defined by the government. The
Minister of Education, Culture, Sports, Science and Technology makes a
public announcement and the Ministry of Education, Culture, Sports, Science
and Technology (hereinafter referred to as MEXT) issues a notification
through official gazettes. For primary and secondary education, three
national curriculum standards have been issued for elementary school and
lower and upper secondary schools. The respective curriculum standards
explain the aims and content for each grade.

In the first part of each of the national curriculum standards, as a general
rule, it states that “each school should formulate harmonious and concrete
lesson plans considering the following items with ingenuity and originality”
(MEXT 1998a, 1998b, 1999). The national curriculum standards include not
only the content of study at each level, but also notices that teachers can
refer to when they make their lesson plans. The national curriculum
standards indicate the curriculum including the content of education at each
school level and points to note when making study plans. However, the
national curriculum standards are not the same as the education curriculum.

The national curriculum standards set out the standards of the curriculum as
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the basis of the content of study. Therefore, the curriculum will vary in the
different national curriculum standards.

The general rules in the national curriculum standards at each school
level state that teachers must organize the education curriculum in
accordance with the standards, while at the same time “fostering harmony in
the minds of children” and taking into consideration the “actual situation of
the school and the local community,” the “physical and mental development
stages and characteristics” (MEXT 1998a, 1998b), and the “characteristics of
the course and subjects” especially in upper secondary schools (MEXT 1999).
In addition, the general rules emphasize that “each school” should organize
its curriculum. The national curriculum standards specify that the education
curriculum in primary and secondary education is formulated based on the
curriculum standards and the situation in each school, so every school has its

own unique curriculum.

2.4.2 Binding force of the national curriculum standards and organization of
the curriculum

In the national curriculum standards, the general rules state that
“following the law and the provisions in the chapter below”, each school
shall “organize an appropriate curriculum” depending on the situation of the
school. Here the national curriculum standards declare that all schools must
obey the curriculum standards when they organize their curricula. Since
when have the national curriculum standards had such a binding force?

The history of the national curriculum standards began with the new
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education system after World War IlI. The Ministry of Education issued the
“Gakushu Shido Yoryo: Ippan-hen (Shian) (National Curriculum Standards:
General [Draft])” in 1947. This draft was critical that “under the prior
education system, all schools all over Japan tried to provide the educational
content determined by the central (government), even if they had different
types of students.” After that, the course of study * ) came to be considered
in relation to “social demand” and the “lives of pupils and students,” and
“each school examines and decides the aims of education in consideration of
social conditions and pupils and students’ lives.” Furthermore, the draft
defined the characteristics of the national curriculum standards as follows:
“This handbook is for teachers to enable them to study how they can apply
the new course of study based on the demands of pupils and society.” In 1951,
the revised national curriculum standards (draft) were issued. The role of the
standards as an essential handbook or reference for organizing the
curriculum remained the same and it was stated clearly that “in the nature of
the national curriculum standards, this book never orders teachers to do
anything (Ministry of Education 1952).”

However, the characteristics of the curriculum standards changed
drastically in 1958. Before the revision in 1958, “the ministerial ordinance
on amending part of the School Education Law enforcement regulations” was
in effect. Article 25 of the revised enforcement regulations stated that the
“school curriculum should follow the regulations in this section and the
national core curriculum, the education standards announced by the Minister

of Education.” Since then, the national curriculum standards issued by the
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Ministry of Education have served as the standards of the curriculum with
legally binding power.

The “draft” national curriculum standards in 1947 and 1951 played a role
in supporting teachers and lessons, and therefore served as guidelines or a
reference for schools to organize their curricula and many ideas or examples
of classes were shown in the standards. After 1958, in the national
curriculum standards, items to be dealt with and points to consider were
itemized without detailed explanation. Then, the national curriculum
standards became the standards and discipline to be followed when textbooks,
lesson content and curricula in each school were decided (Nagao 1989).

The national curriculum standards are the “standards” for drawing up the
curriculum in each school. To organize a proper curriculum, teachers must
consider many things such as the “actual situation in the school and the local
community” and “physical and mental development stages and
characteristics” in the national curriculum standards with originality and
ingenuity in their classes. However, teachers are asked to make study plans
based on standards that specify that this must be taught but that should not.
In other words, it means that teachers try not to touch on anything that is not
written in the national curriculum standards.

When teachers read the national curriculum standards, their opinions can
generally be divided into two views. One view is that teachers can create
lessons freely as far as is defined by the national curriculum standards. The
other is they must observe the national curriculum standards, so they do not

think to try anything not in the curriculum standards. Teachers who know
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what GIS is want to use it, but some of them cannot find a linkage between
GIS and the national curriculum standards and think that GIS extends beyond
the curriculum standards. This is a quite natural attitude, because GIS is

nowhere to be found in the national core curriculum.

2.4.3 Problems of the national curriculum standards from the viewpoint of
introducing GIS

As described above, the national curriculum standards indicate the
objectives in each subject and the items to be dealt with in class. This is the
main purpose of the national curriculum standards. Each school organizes
appropriate study plans considering these objectives and items in the
standards. In the national curriculum standards, what objectives and content
of learning in each grade are defined for geography or social studies?

The national curriculum standards for elementary school and lower
secondary school consist of “Chapter 1: General rules”, “Chapter 2:
Subjects”, “Chapter 3: Moral education” and “Chapter 4: Special activities”.
For upper secondary schools, Chapter 2 becomes “Subjects in general
education” and Chapter 3 “Subjects in professional education.” The core of
the respective curriculum standards is the subjects in Chapter 2 (Chapter 3
for upper secondary schools). Each subject’s objectives, the objectives and
study content in each grade, and how to make lesson plans and deal with the
contents are explained in each section.

Table 2-10 shows the objectives of subjects including geography in each

school. The most noteworthy of the objectives is to “utilize maps and various
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Table 2-10 Objectives in geography and related courses in the Japanese National Curriculum Standards

Elementary school Lower secondary school Uppegcs;gglndary
Life studies Social studies Social studies/ Geography and
Geographic field History
[1%- 2" grade]  [3"™ - 4™ grade] (1)Develop interest in (Geography A)
(1) Develop (1) Understand the industries in the local geographical Consider
interest in community and consumer life or various phenomena in Japan various
relations activities to protect people’s healthy and the world, consider  geographical
between self lives and safety and raise awareness of and understand regional  issues in
and people self as a member of society. characteristics of land contemporary
around one, (2) Understand the geographical in Japan from broad society in view
in various environment in the local area, changes perspective, cultivate of regional
places and in people’s lives and efforts of ancestors basic geographical characteristics,
public in society and feel pride in and affection point of view and way ~ foster
property, feel for the local community. of thinking and foster geographical
attached to (3) Observe and research the geographical cognition of land in cognition in
them, think phenomena in local area, utilize map Japan. contemporary
of role of and various source materials effectively ~ (2) Understand world. At the
selfasa and make a presentation about findings, phenomena in Japanor  same time,
member of a and consider the characteristics of social the world from cultivate
group or phenomena in the local community and relationship with geographical
society and their relationship. location or spatial point of view
act [5" grade] distribution, consider and way of
appropriately (1) Understand the industries in Japan and them in relation to size  thinking and
) relationship between industry and of the region, consciousness
(2) Develop people’s lives, and develop interest in environmental and quality as a
interest in expansion of industry in Japan. conditions and people’s  Japanese living
relations (2) Understand natural conditions in Japan lives and study points responsibly in
between self and importance of land conservation and of view and ways of the global
and animals feel affection for the national land. thinking to understand society.
and plants, (3) Research social phenomena, utilize regional characteristics.
protect maps, statistics and various basic source  (3) Compare Japan and (Geography B)
nature and materials effectively and make a the world with its Consider
devise own presentation about findings, and various sized regions various
games or consider the meaning of social and understand that geographical
life. phenomena. each region is issues in
(3) Find [6™ grade] connected with each contemporary
enjoymentin (1) Develop interest in and understand other, characteristics of  society by
activities deeply our ancestors who contributed to each region have systematic
about society the development of the nation and uniqueness and general geography or
and nature society in Japan and our excellent commonalities, and topography,
with people cultural heritage, cherish our history and these characteristics are  foster
around one traditions, and foster patriotism. changing. geographical
and express (2) Be able to understand politics in daily ~ (4) Raise students” interest ~ cognition in
findings or life, basic policies, life in other countries in geographic contemporary
enjoyment in closely related to Japan and role of phenomena through world. At the
words, Japan in world society, and realize that it~ area surveys, foster same time,
pictures, is important that each student, as a multi-dimensional cultivate
performance Japanese, hopes for peace together with thinking and fair geographical
s or plays, other people in foreign countries. judgment of geographic  point of view
etc. (3) Research social phenomena, utilize phenomena by and way of
maps, chronological tables and various appropriate choice and thinking, and

basic source materials effectively and
make a presentation about findings, and
consider the meaning of social
phenomena from a wide point of view.

use of source materials
and develop abilities
and attitudes to express
them properly.

consciousness
and quality as a
Japanese living
responsibly in
the global
society.
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source materials effectively and make presentations about findings” and is
emphasized in all grades in social studies in elementary school (MEXT
1998b). Also, in the geographical field in social studies, one of the
objectives is to “(4) raise students’ interest in geographic phenomena
through area surveys, foster multi-dimensional thinking and fair judgment of
geographic phenomena by appropriate choice and use of source material, and
develop the abilities and attitudes to express them properly (MEXT 1998a).”
Although the word *map’ does not appear, there are some expressions that
can be considered as lessons with maps, because for area surveys maps are
essential, and maps are also effective for improving multidimensional
thinking.

Furthermore, with regard to handling of the contents, notices have been
issued that when pupils in elementary school “collect, use and assemble data
or information, they should utilize the school or public library and maps in
atlases as textbooks after 4'" grade,” and “in each grade (teachers and
pupils) should utilize maps and statistics effectively and understand the
structure of the prefectures in Japan (MEXT 1998b).” In lower secondary
school, “(teachers) must teach systematically so that students acquire a
geographical point of view and way of thinking as well as skills such as
reading and drawing maps and reading landscape photographs. And when
(students) collect and process data or information on the area, they should
try to make positive use of computers and information and
telecommunications networks” and “use large-scale maps, statistics and

other materials frequently and improve their skills (MEXT 1998a).” Also, in
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upper secondary school, “(teachers) must teach systematically so that
students acquire a geographical point of view and way of thinking as well as
skills such as reading and drawing maps and reading landscape photographs.
(Teachers) must introduce practical and hands-on learning such as using
globes and maps, collecting, examining, researching and processing
geographical data or information, statistics, images and literature, and
making maps or geographic information using various data (MEXT 1999).”
Here we cannot find the word “GIS”, although some expressions on the
utilization of computers can be deemed to include utilization of GIS.

However, there is a major problem. Although the national curriculum
standards emphasize utilization of maps, map study to learn about maps
themselves such as learning the definition of a map or how to read maps is
not mentioned. In fact, there are no units for learning the basic skills of
map literacy that are necessary for using GIS.

Here the binding force of the national curriculum standards must be
recalled. The principle is not to touch on anything but the contents dealt with
in the national curriculum standards. This principle is well reflected in the
contents of textbooks. For example, life studies in 1°' and 2" grade in
elementary school is a subject that integrates nature and social studies. In
this subject, there is a unit in which pupils explore their neighborhood area
and make a presentation on their research. In every life studies textbook for
2"% grade, a large handmade map appears as an example of the presentation.
On the pages of the textbook, there are actual maps and many pictures of

maps, but the word “map” is rarely found and there is no explanation of the
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map itself ® ).

All social studies textbooks in 3’ grade in elementary school start
from a survey of the neighborhood area, so handmade maps or base maps,
compasses, symbols and contours appear on the first few pages. But there
is no definition of the map itself. In Japanese education, pupils and
students must study map symbols and contours and read information from
maps without learning what a map is.

In textbooks for the geography field of social studies in lower secondary
school, there are articles about car navigation systems or GPS which are
linked to GIS. Only one of the 6 textbooks in the geography field that the
author referred to deals with GIS © ).

These facts indicate the difficulty of incorporating map study or GIS,
which cannot be found in the national curriculum standards, in textbooks
which are made along the lines of the curriculum standards.

In the national curriculum standards and compliant textbooks there is no
mention of map study as the basic skill for using GIS and the word GIS is not
used, even though utilization of maps is emphasized and there are some
expressions that are deemed to refer to GIS. School education in Japan is not
prepared to use GIS in classes. Therefore, teachers understand that GIS is
theoretically a useful tool. However, they have no reason to be motivated to
use GIS because GIS is neither mentioned in the national curriculum

standards nor in textbooks.
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2.5 To introduce GIS into school education in Japan: conclusion

In this chapter, the author discusses the situation of GIS in Japanese
upper secondary schools and the obstacles to introducing GIS revealed by a
questionnaire survey to teachers in the Hokuriku district.

According to the responses, although many teachers understand what GIS
is, only a few teachers use it in their classes. There are three major reasons
for the lack of use of GIS in classes: time, facilities and the education
curriculum. Japanese teachers not only teach their specialized subjects but
also do miscellaneous things in school. Some respondents complained that
they do not have time to study themselves, because they have too much work
to do every day in school. This means that teachers have limited time to
prepare and take classes and they do not have time to enhance their skills.
Teachers also pointed out that use of the computer, network and software
environments is not free. In addition, the education curriculum defined by
the national curriculum standards makes introducing GIS difficult.

Regarding these problems of preparation time or lesson hours,
development of GIS itself might be able to provide some support. But
development of useful GIS is not enough to use it in class, because the
national curriculum standards so far mention nothing about GIS. The
national curriculum standards strongly influence the education curriculum in
each school. There is no unit for the study of map literacy which is not only
the foundation of geography but also an essential part of GIS, even though
the national curriculum standards mention promotion of utilization of maps

in class.
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On the contrary, if a curriculum that gave students a firm foundation in
map literacy were included in the national curriculum standards, GIS
would be accepted in school education. Institutional improvement, however,
is not the goal. There are still many obstacles to the introduction of GIS
into school education, such as the problem of school facilities or teachers’
skills. For GIS to be introduced into school education, we not only need
national curriculum standards that include GIS, but also solutions to the
problems involved in using GIS in class, such as enhancing teachers’
skills and providing the computer and network facilities to enable use of

GIS.

Notes

1) The Geographical Survey Institute has its own website “Chizu etsuran
sabisu ‘Wotchizu’ [Map browsing service ‘watch-map’]”
(http://watchizu.gsi.go.jp/) which provides topographic maps on a scale
of 2,5000:1 free. Also “Denshi kokudo potaru [Electronic land portal]”
(http://portal.cyberjapan.jp/) provides various geographic data free.

2) According to the census figures for 2005, the total population in the
Hokuriku district is 3,107,185 inhabitants.

3) In the 2007 academic year, 56.5% of elementary schools, 59.9% of lower
secondary schools and 85.4% of upper secondary schools had access to a
high-speed and constant network connection (MEXT 2008).

4) Only in the national curriculum standards (draft) in 1947 was the term

“course of study” used. Since then, the term “curriculum” has been used.
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5) In Amano et al. (2003) the term “kaado echizu (Card picture-map)” is used
in the explanation about presentations, but other life studies textbooks do
not use the term “chizu (map)” at all.

6) Kaneda et al. (2006)
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Chapter 3. Development of map reading skills and GIS
3.1 Purpose and background of study

In order to develop GIS for school education, it is necessary to
understand the users of GIS. The main users in school education are teachers
and students. Students have been researched from the viewpoint of spatial
perception and development of map skills. Some studies have dealt with
students’ map drawing skills and development stages. Iwado and Sashima
(1977) wrote about objects and drawing styles by age based on hand-drawn
maps of the route from home to school by pupils from the 1°' to the 6'" grade
in elementary school. Ninohira (1977) showed the differences in level of
expression of space with symbols on maps drawn by students from the 1°' to
the 7'" grade and suggested a teaching method for appropriate development
of map skills by the development stage of the students in each grade.
Teramoto (1994) explained how children’s cognitive space broadens
according to their stage of development using hand-drawn maps by children.
Shinohara (1993) researched the map literacy of university students using
topographic maps and their map education in primary and secondary
education.

However, these studies dealt with the level of spatial cognition or
understanding of topographical maps. When using GIS, one of the map skills
a user needs is the ability to think of an object on the map as the same object
in the real world. In other words, what do students look at on maps to enable
them to understand maps linked to the actual world?

Wakabayashi (1999) said that clarifying the processes by which humans
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recognize space will “be wuseful knowledge for improving geography
education and the development of GIS.” The development side needs to
clarify the tendencies in students’ map reading in order to be able to develop
effective GIS use in education and support users.

The aim of this chapter is to understand user characteristics in map
reading. Focusing on how students read maps, the author tries to clarify
differences in reference points for reading maps by age and accuracy of map
reading. The research was conducted to identify tendencies in how students
read maps at each school level from elementary school to university. At
elementary school level, the author observed the distribution of points on the
map which the pupils were instructed to find along the route of an
“expedition” round the school’s neighboring area. In lower and upper
secondary schools, the author asked students about their reference points for
finding objects on a map. At university level, the author asked students to
find certain objects on campus on the map and indicate the reference points
used to find these objects. It is expected that these experiments will clarify
the differences in ways of reading maps by age and level of map reading

skills.

3.2 Map literacy of elementary pupils
3.2.1 Classes using maps in elementary school

The National Curriculum Standards for Elementary School (MEXT 1998)
highly recommend outdoor activities as a learning activity to “comprehend

the relationship between the pupils themselves and people in the community
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and society and nature” in life studies. Therefore, “expeditions” around their
home areas near school, in short, fieldwork, are included. This fieldwork in
life studies emphasizes observation of features in the neighboring area, and
pictorial maps often appear in textbooks. However, textbooks never explain
what a map is, and even the word, “map * ) rarely appears in textbooks.

Social studies classes start from the 3" grade. Inthe 3" and 4'" grades,
the objective of this subject is to understand the geography of the
neighborhood area. The national curriculum standards state that “(teachers
make pupils) find differences by location through, for example, describing
on a blank base map the area or city (ward, town or village) where they live”.
Here the word “map” appears in the national curriculum standards from the
3" grade. This means that maps are introduced in class.

Here we see how pupils in the 3" grade, who have just been introduced

to maps in class, can read maps.

3.2.2 Outline of the research

A survey of 33 elementary school pupils in the 3" grade was conducted
at Oshima Elementary School in Imizu city, Toyama prefecture on 16" May,
2007. The lesson was entitled “Let’s go on an expedition around the school”
and involved all the 3" grade pupils following a route around the school
neighborhood and marking the buildings near the school on the “expedition
map”, a blank base map showing only the roads and compass (Figure 3-1).
The point of the study was for the pupils to mark the position of each

building on the map.
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Figure 3-1 Map for exploring the school’s neighborhood for 3"

grade pupils in elementary school
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3.2.3 Pupils’ recognition of objects on the map

The route of the expedition is shown in Figure 3-2. Along the route there
are 6 main buildings. Pupils followed the route for about 1 km, spending 45
minutes for the lesson while drawing the position of each building on the
map. The 6 buildings are the post office, city hall, library, driving school,
children’s center and police substation. Here the location of each building
drawn by the pupils is compared to its actual position on the map.

1) Post office

The post office is located along the main street in front of the school and
on the opposite side to the school. Pupils found it after walking 500m from
the school. 60.6% (20) pupils marked it on the map.

The positions where pupils marked the building tended to be distributed
on one side of the school (Figure3-3). Before reaching the post office, they
turned twice at intersections, so many of them were confused about the
direction they were going in, and about left and right, and viewed the map
wrongly.

2) City hall

The city hall is located across the main street from the school. It is quite
a large building and the second object that the pupils found on their
expedition.

More than 70% of the pupils marked this building on the map, because
many of them recognized the existence of the city hall, though most of the
pupils put the city hall in the wrong position and the plotted positions were

dispersed (Figure 3-4).
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When they arrived at the location of the city hall, the pupils had already
walked a considerable distance and crossed several streets. Therefore, they
were uncertain as to which block the building was located in on the map.

3) Library

The library is across the main street from the school. The building is next
to the city hall and the pupils know it well. However, less than half of the
pupils (42.4% , 14) indicated the position of the library on the map.
Furthermore, none of the pupils positioned it correctly. Not a single pupil
even marked it in the right block (Figure3-5).

The reason for this may be that the children could not see the library
building from the route, so they could not confirm its position by sight, and
most of them had lost themselves on the map after passing the post office and
the city hall.

4) Driving school

The Ilandscape of the driving school is unique because of the
characteristics of the driving school. The site is large, so pupils found it
easy to recognize the existence of this facility. Therefore, about 80% of them
marked the position of the driving school on the map.

The positions of the driving school were plotted around the crossing
where that school came into sight. Only a few pupils marked the position
inside the actual site of the driving school (Figure 3-6).

Many answers on the map were given by pupils who did not understand
their position, the exploration route or objects they had already seen

including the driving school.
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5) Children’s center

The children’s center is adjacent to the school and many pupils visit it
daily. Accordingly, 93.9% (31) of pupils marked the location of the building
on the map, many of them fairly accurately (Figure 3-7). Even though they
plotted other landmarks wrongly, their cognitive distortion was corrected
when they found the children’s center.

Although the children seemed to find the road facing the children’s center,
their answers were distributed in the areas around two intersections.
Probably, some of pupils knew that the children’s center was next to the
school and near the crossing, but they still seemed to be confused about what
they saw in the real world and what they saw on the map. Even with a
well-known object, they still seemed to find it difficult to match their
cognition with the actual position on the map.

6) Police substation

Only two pupils marked the position of the police substation on the map.
And the points which they plotted were totally wrong (Figure 3-8).

There are two ‘unknowns’ that are possible reasons why the pupils could
not mark the position. First, the police substation was not located along the
route of the expedition and the pupils really might not have known where it
was, and they may not have known what ‘police substation (Chuzaisho)’
meant because they had not learnt the word yet. For 3" grade pupils it must
be hard to mark something which they cannot actually see on a blank base

map with no information but the outline of the roads.
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7) Kindergarten

The pupils were given some instructions concerning the blank map that
was distributed to them. Apart from instructions on marking certain specified
objects on the map, pupils were directed to “mark as many things as you can
on the map.” So the children freely marked things that they noticed. In
particular, 66.7% of pupils (22) marked the kindergarten, and most of them
plotted the location with considerable accuracy on the map (Figure3-9).

In front of the kindergarten, there is a driveway. Many pupils marked this
uniquely shaped road as the kindergarten on the map. Many of the pupils
attended this kindergarten before coming to the elementary school, so it was
very familiar to them. When they came to the kindergarten in the morning
and went home in the afternoon, they would get in and out of the car or bus
on this driveway. For some children, the kindergarten might be associated
with arriving at this place rather than the actual kindergarten building.
Therefore, it is assumed that many pupils marked the road near the
kindergarten.

From the distribution tendency seen in the plotting, the pupils seemed to
find it hard to think of direction in the real world and on the map as the same
thing. About half of the pupils plotted the position of the kindergarten on the

opposite side of the road from its actual location.

3.2.4 Landmarks for pupils in elementary school

In the class, a blank map showing only the roads, the compass and the

school name at the position of the school was used. The map provided
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minimal information. Furthermore, the objects that the pupils were asked to
mark on the map were landmarks that teachers (adults) considered as such.
The number of pupils who plotted the positions varied for each object. Of
course, there were buildings that many pupils plotted (irrespective of how
accurate their answers were), while on the other hand, there were objects that
most pupils did not mark at all. In addition, as mentioned above, pupils were
permitted to freely mark whatever they found. Figure 3-10 shows the objects
that they marked on the map. According to the data, the objects they noted
were related to transportation such as a zebra crossing and pedestrian bridge,
shops such as the supermarket, restaurant and dry-cleaning shop which they
had visited with their families, and the hospital. Some pupils plotted their
friend’s houses or the places they went to for piano or calligraphy lessons.
The world of pupils around age 8-9 is limited to their route from home to
school, the location of their friends” homes and playgrounds where they play
with their friends, and the pattern of activities of other family members. This
tendency coincides with Golledge’s skeletal node-path relations, where paths
that connect the home, school and other key places as nodes become key
elements in developing an understanding of the environment around them
(Golledge 1978). Teramoto (1994) said that the area a child knows well
widens from the route connecting home and school to the outside and they
become able to depict features along the route. Their special cognition is not
surface, but linear along the route from home to school. Some of the
buildings dealt with in the survey might be located away from pupils’

commuting routes, so they would not know these objects.
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3.2.5 Maps from elementary school pupils’ point of view

The pupils did not get lost on the expedition and were able to come back
to school safely. Although they knew where they had walked, they did not
know where they were ‘on the map.’ In other words, they were always ‘lost’
on the map during the expedition.

On the map used in this class, there were no elements to help the pupils to
define the place where they were on the map, except the shape of the roads
and the location of the school. Originally, the spatial cognition of children at
age 8 or 9 is still developing and they do not yet recognize features very well.
From this point of view, the results of the survey mean that this map without
landmarks or objects to refer to did not work as a map for the 3" grade
pupils.

The eye level of pupils in the 3" grade is normally low, so it would be
hard for them to imagine how wide the road is or how big the driving school
is or how they are shaped from above. They could not grasp that the road
drawn on the map represented the road that they could see with their own
eyes. Furthermore, they had no sense of distance or map scale. They were
always confused, because they could not imagine that what was drawn on the
map was the same as what they could see.

However, there were some buildings, notably the children’s center and
the kindergarten, which the pupils plotted on the map fairly accurately.
These buildings are located next to the school. The elementary school was
only specified on the map by letters. This information on the location of the

school was the most important and recognizable factor for the pupils.
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For most of these 3" grade pupils it was their first experience to use a
map. They had not learnt how to read maps before, so it was quite natural
that they could not manage to read the map well. They had just started to
study with maps. Such elementary school pupils in the lower grades need
more experience before they can understand that the map is the same as the
real world and they are not lost and confused on the map. Nobody can read
maps without learning map reading and navigation skills. In addition, as
beginners they need a map with more information such as well-known
buildings or landmarks to understand their position and other objects

around them.

3.3 Viewpoint of secondary school students” map reading

Lower and upper secondary students move in a wider range area than
elementary school pupils. Furthermore, they have developed spatial
cognition and have used maps in social studies in elementary school, even
though there is no mention of lessons to teach map skills as a unit in the
national curriculum standards. So students in secondary education are
believed to be able to read maps in some way.

What do students in lower and upper secondary schools refer to in order
to find their own position or a specific object and understand what the map is
showing? The author conducted an inquiry survey of students in secondary
education to clarify the tendencies of their reference points when they read

maps.
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3.3.1 Outline of the survey

The surveys were conducted of 8 2" grade students at Minami Junior
High School in Tamamura town, Gunma prefecture, on 10" June, 2007, and
of 12 2"? grade and 38 1°' grade students at Takasaki High School, Gunma
prefecture, on 19'™" September, 2007 and 23'® January, 2008.

The question they were asked was, “What kind of information do you
need in order to find yourself on the map? Choose 5 elements in order of
descending priority.” The options were the shape of the roads, shape of the
buildings, place names, intersection names, names of buildings, map symbols,
scale, bearings, shape of intersections and others. The number of valid
responses was 7 in lower secondary school and 43 in upper secondary school

in total.

3.3.2 Reference points of lower secondary students

Lower secondary school students consider the names of the buildings to
be the most important, with the shape of the buildings ranked second (Table
3-1). On the whole, all the students chose the name of the building and the
shape of the road, and the shape of the building was also chosen by many
students. Especially with regard to the name of the building, most students
chose this as the most important element for reading the map. In contrast, the

shape of the road seemed to have low priority.

3.3.3 Reference points of upper secondary students

Although the surveys were conducted of 1°' and 2"? grade students,
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Table 3-1 Lower secondary school students’ reference points for reading maps

(n=7)
Importance 1 2" 31 4" 5" Total
Shape of road 1 1 2 0 3 7
Shape of building 0 3 3 0 0 6
Place name 0 0 0 3 1 4
Name of intersection 0 0 1 1 0 2
Name of building 5 1 0 1 0 7
Map symbols 1 1 0 2 0 4
Scale 0 0 1 0 0 1
Bearings 0 1 0 0 3 4
Shape of intersection 0 0 0 0 0 0
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Table 3-2 Upper secondary school students’ reference points for reading maps

(n=43)
1% 2" 3" 4" 5" Total

Importance
(%) (%) (%) (%) (%) (%)
Shape of road 10 (233) 6 (1400 4 (9.3) 11 (256) 4 (9.3) 35 (81.4)
Shape of building 5 (116) 5 (11.6) 8 (18.6) 2 (47 3 (7.00 23 (535)
Place name 3 (700 6 (140) 5 (116) 6 (140) 5 (11.6) 25 (58.1)
Name of intersection 2 (47 2 @47 1 (23) 6 (140) 5 (11.6) 16 (372
Name of building 16 (372) 4 (93) 4  (93) 4 (93) 4 (93) 32 (744)
Map symbols 2 (@47 1 (23) 8 (186) 3 (7.0) 8 (186) 22 (512
Scale 1 (23 1 (23 0 (0 1 (23 1 (23 4 (93
Bearings 4 (93) 7 (163) 5 (116) 2 (47) 5 (11.6) 23 (535)
Shape of intersection 0 (0 3 (7.00 2 4.7 1 (23) 4 (93) 10 (23.3)
Others/NA 0 (0 0 (00 2 @7 1 (23 1 (23 4 (93
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common features were observed. First, they chose the name of the building
(37.2% , 16) and the shape of the road (23.3%, 10). As their second
reference point, though there were no outstanding elements, students
answered bearings (22.6 % , 7), the shape of the roads, buildings and
intersections, and text information such as place name or building name.
These were followed by map symbols and the shape of the roads (Table 3-2).

As a whole, the shape of the roads was chosen by 81.4% of students (35),
then names of buildings (74.4% , 32), and more than half of the students
referred to the names of places, shape of buildings, bearings and map

symbols.

3.3.4 Similarities and differences of reference points between lower and
upper secondary students

Lower and upper secondary school students have some reference points in
common when they read maps. One is that the names of the buildings were
the most important information for many students, and the other is that
almost all the students referred to the shape of the roads. These tendencies
derived from their behavior whereby they find landmarks which they know
and find their own position in relation to these landmarks. As text
information is easy to understand, students can easily understand what the
map is showing. Then they try to find their correct position on the map using
the shape of the roads around the landmarks. In addition to these two
elements, they try to read the map accurately using other information such as

names of places, shapes of buildings or map symbols.
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The key differences between lower and upper secondary students are the
kinds of reference points they use and how they use the information. Lower
secondary students chose a few reference points such as the names and
shapes of the buildings or the shapes of the roads. Upper secondary school
students used not only the reference points that the lower secondary school
students chose, but also a wide variety of other elements. Lower school
students tended to use the names of buildings, secondly the shape of the
buildings, and then the shape of the roads. In the case of upper secondary
school students, many of them used the shape of the roads first and then used
other information such as bearings or the shape of intersections.

Lower secondary school students find themselves or objects by referring
to point-type information. This might indicate that they still view the map
from ground level. Upper secondary school students use more linear or
spatial information such as the shape of the roads or intersections or
bearings. This is because they can grasp a wide area spatially and reflect
what they see in the real world on the map. In other words, some of them
have already acquired bird’s eye views, and they can find themselves on the
map without resorting to only point information such as names or positions

of landmarks.

3.4 Reference points by map reading skills
From the results of the reference points used by lower and upper
secondary school students, it can be observed that the way of reading maps

differs by age. These results seem to imply that people become able to read
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maps as they get older. But here arises one question. If map reading abilities
develop with age, why can every adult not read maps? Some can read maps
accurately, but others cannot understand maps. Are there any differences in
how maps are read between adults who can read maps correctly and those who
cannot?

The author conducted a survey to find the reference points for map

reading by differences in map reading ability.

3.4.1 Outline of the survey

This survey was conducted to find the level of accuracy of map reading,
to find whether respondents could find their own position on the map and
plot other specified buildings, and to clarify the elements used as reference
points to search for these objects. The survey was carried out of university
students at Kanazawa University in June, 2004. The target area was the
Kakuma campus of the university. The respondents comprised 35 students in
the 1°' and 2" grade and the number of valid responses was 33.

In the survey, a large-scale map with compass bearing, scale, shapes of
buildings and roads without text information was used (Figure 3-11).
Students were asked to mark three buildings as landmarks and their own
position at that time on the map. Furthermore, the survey asked them to
indicate what elements they used in the decision making process to find the

objects on the map.
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Figure 3-11 Map of Kanazawa University campus
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3.4.2 Distribution of answers for each object

The buildings for the students to find on the map were the library,
university hall and media center as well as the lecture building as the
self-position. These are facilities that the students use frequently and are
unique in appearance. To the students participating in the survey, the images
and names of the library, university hall and media center were given as
ancillary information (Appendix 3-1). With regard to the lecture building as
the self-position, as the building itself is huge, the students were asked to
mark the position of the lecture room in the building where the students were
answering the survey.

The library, the university hall and the lecture building where the
students answered these questions are on the north side, and the media center
is located on the south side of the campus (Figure 3-12). The campus of the
university is divided into two areas by a road, but the divided areas are
connected by a pedestrian bridge.

Figure 3-13 shows the distribution of points for each building which the
students marked on the map. X indicates a point marked by a student.

About 80% of the students (27) correctly plotted the location of the
lecture building where they were. Although the incorrectly marked points
were near the lecture hall, the distribution of answers varied because the
building is complex in structure.

The library had the second highest percentage of correct answers. 93.9%
of students (31) accurately plotted its position. The library is an essential

part of campus life and has many visitors and a unique shape, therefore many
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Table 3-3 Grouping by tendency of answers on the locations of the objects on the map and number
of students in each group
(%)

G Library University Media Lecture building Total
rou
P Hall center (self-position)

A. Students recognized all
buildings and self- 19 (57.6) 19(57.6) 19 (57.6) 19 (57.6) 19 (57.6)
position correctly

B. Students recognized
self-position correctly but

] 7(21.2) 8 (24.2) 1(3.0) 8 (24.2) 8 (24.2)
were mistaken about
other buildings
C. Students did not know
] o 5 (15.6) 5(15.6) 4(12.1) 0 (0.0) 6 (18.2)
their self-position
Total 31(93.9) 32(97.0) 24 (72.7) 27 (81.8)  33(100.0)
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students could answer easily.

Almost all the students (32 out of 33) plotted the position of the
university hall correctly. This is because the university hall has a large
dining hall and shops, so many students may use this facility regularly. The
media center had the lowest percentage of correct answers at about 70% (24).
Most of the wrong answers indicated the building next to the media center.

Based on the accuracy of the answers, the students were divided into 3
groups. Group A consists of members who can recognize their self-position
as well as all the other buildings correctly on the map. In Group B members
can recognize their own position, but make some mistakes regarding other
buildings. Group C members do not know where they are on the map. Group A
accounts for 57.6% (19,) Group B 24.2% (8) and Group C 18.2% (6, see
Table3-3). The percentages of correct answers on self-position and the three
other buildings are 100% for Group A, 75% for Group B and 58.3% for

Group C.

3.4.3 Differences among groups in ways of finding position or objects on the
map
1) Group A
When they started to look for a building, most of them considered the
positional relation to other buildings or objects (Figure 3-14). For all the
objects, more than 60% of respondents referred to this element. To find the
lecture building and the media center, which students mistook in other

groups, they considered the shape. Also, the distance from other buildings
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and the shape of the road on the campus were added as elements to find the
targets.

The reference points which students in this group mentioned > ) were
varied and their distribution covered a wide range (Figure 3-15).

As above, the respondents who marked the location of the buildings on
the map correctly seemed to be able to read the map by looking not only at
the building itself, but also at other buildings and roads. They may have
already acquired wide-range spatial cognition and the ability to see the real
world in relation to the map.

2) Group B

The respondents in this group identified their self-position on the map
but made some mistakes marking the other buildings. In particular, only
12.5% of students plotted the location of the media center accurately. They
marked places near the media center, but most of them mistook the building
next door for the media center.

In this group, the positional relation of the buildings was the primary
method of locating the objects on the map (Figure 3-16). The shape of the
buildings was also an important element in finding the lecture building and
the library. But to find the university hall and the media center, the
respondents did not consider these elements so much. For all the objects, the
respondents did not take into account the distance between buildings or other
objects.

In this group, a distinctive feature was the answer “direction, bearing’ for

the media center. It is likely that students already knew of the existence of
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the facility itself and the direction of the center. Yet their recognition of the
location of the building was vague and they perhaps depended on the compass
bearing to find the object. Also, they did not use the information on the
shape of the buildings. Although images of each building were provided in
advance, they did not assume the shape of the building from the photos.

Compared to Group A, the reference points were less varied and
comparatively near the objects that they were asked to find (Figure 3-17).
3) Group C

This group consists of respondents who did not know where they were on
the map and plotted the objects incorrectly on the map. The way of
identifying the objects in this group was almost solely by considering the
positional relation to other buildings and objects (Figure 3-18). In addition,
the elements which the respondents used were less varied and fewer (Figure
3-19). They tried to find the objects with few reference points.

The respondents in this group are similar to persons without map literacy.
They are characterized by the fact that they only considered the positions of
the objects and a few other buildings and did not use any other elements such

as the shape of the roads or buildings.

3.4.4 Reference elements for map reading

Are there any differences in the elements used to read maps by level of
map reading ability? Table 3-4 shows the elements that the respondents in
each group used when they read the map. Here we can take Group A as a

group of students with map literacy, Group B as a group of students who can
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Table 3-4 Reference points to read the map

Group A Group B Group C
n=19 n=8 n=6

(%) (%) (%)
1.Shape of roads 12 (63.2) 2  (25.0) 1 (16.7)
2.Location of roads 9 (47.4) 4  (50.0) 3 (50.0)
3.Shape of intersection 3 (15.8) 3 (375 0 (0.0)
4.Location of intersection 12 (63.2) 4 (50.0) 2 (33.3)
5.Shape of building as a landmark 8 (42.1) 3  (37.5) 2 (33.3)
6.Location of building as a landmark 16 (84.2) 7 (87.5) 3 (50.0)
7.Shape of blocks 5 (26.3) 1 (12.5) 2 (33.3)
8.Location of blocks 2 (10.5) 0 (0.0 1 (16.7)
9.Distance between points 2 (10.5) 0 (0.0 1 (16.7)
10.Bearings 3 (15.8) 0 (0.0) 2 (33.3)
11.Place name 13 (68.4) 5 (62.5) 3 (50.0)
12.Map symbols 1 (5.3) 0 (0.0 1 (16.7)
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manage to read maps, and Group C as a group of students without map
reading abilities. As with the method of searching for buildings on the
campus, the number and types of information for map reading decrease in
order of Group A, B, and C.

One element common to all groups is that landmarks are important when
searching for objects. Respondents in Group C tended to rely on point-type
information such as landmarks and text data such as names of places. In
Group B, some respondents included information on the shape of the
intersection, but they still depended very much on landmarks and names of
places.

However, respondents who recognized their self-position and the
locations of other buildings looked not only at the location of landmarks but
also at the shape and position of roads, the location and shape of
intersections and the shape of blocks. This means that they read a variety of
information from the map and could recognize the described area as a
continuous area.

As above, people who can read maps correctly and pinpoint their exact
location on the map refer to various elements to confirm the location of each
object. In particular, they rather use spatial elements such as the shape of the
roads or blocks surrounded by streets.

On the other hand, people who cannot read maps and do not know or
mistake where they are on the map only use point-type elements such as the
location of certain buildings or text showing the names of places or objects.

This tendency of students to rely on landmarks when searching for objects on
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the map is considered a children’s trait according to previous studies (Siegel
and Schadler 1977, Acredolo 1977, Evance 1980). Grown-up persons who

cannot read maps still read maps like a child developing spatial cognition.

3.5 Map reading, map education and GIS in education: conclusion

In considering GIS for education, this chapter clarified how students
from elementary school to university, as potential GIS users, read and
understand maps.

Tendencies in map reading from elementary school pupils to university
students are very interesting. Pupils in 3’ grade at elementary school try to
read maps using the few tips they know. They can rarely find objects which
are outside the field of their activities and they are not familiar with, even
though they may have seen them.

Lower secondary students prioritize text data such as the names of
buildings or places that show point-type data when reading maps. These
textual data provide intuitive information, so students can make correlations
between objects indicated by these data and what they already know.
Furthermore, they can easily find their own location or objects they are
looking for by analogy with such data.

Upper secondary school students tend to find objects using spatial
information such as the shape of the roads or crossings or the compass
bearing. They depend on line or plane elements such as the shape of the roads
rather than landmarks or points. In this case, the names of buildings or

places or locations of buildings play a role in assisting in the search for
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objects. At the same time, there are some students who still use the method
which was observed among lower secondary school students to find objects
by place names.

The differences between lower and upper secondary school students
showed the same tendency as the results for university students. The method
observed often among upper secondary school pupils is similar to the method
observed in the group of students with precise map reading ability. Also, the
method observed among lower secondary school pupils shows the same
tendency as the group of students who cannot read maps.

Differences in accuracy of map reading are related to spatial cognition
and the number of elements used as references. Compared to lower secondary
students, the tendencies seen among upper secondary students are similar to
those of the group that can read maps accurately.

Development of spatial cognition and experience of using maps that come
with age may be connected with the development of map reading skills. And a
person who can read maps accurately uses more reference points. Conversely,
a person who uses many reference points tends to be able to read maps more
accurately. Figure 3-20 shows that the development of map reading accuracy
can be explained by the relationship of level of spatial cognition, map skills
and number of reference points used when a person reads maps.

Map reading skills are acquired by learning. At present, the national core
curriculum does not include any units on acquiring map literacy, that is to
say, the content of education today has no foundation on which to introduce

GIS. GIS basically requires map reading skills. As map education is lacking
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in school education, it may not be effective to use GIS in education.

In the future, GIS will become an indispensable tool in society. From the
point of view of nurturing future GIS users, map education is essential in
school education. In particular, elementary school pupils should learn how to
read and understand maps and use maps to lay the groundwork for using GIS.
After then, in secondary education, discussion may be possible if teachers
introduce GIS in classes. Consequently, map education should be introduced
at the national core curriculum level.

To use maps in class, maps must be selected according to students’
knowledge and map skills, level of spatial cognition and lesson content. It is
the same for GIS. It is also important to improve the usability of the
applications. In addition, maps with names of buildings and places or point
data on landmarks help users to recognize and understand correctly. By using
such user-friendly maps with GIS, it will be possible to support map
education and classes using maps with this system. Using base maps with
subsidiary information might make up for map education. GIS used by the
students themselves is especially difficult to introduce at present. It will be
worthwhile to develop GIS from the perspective of students who cannot read

maps or have not learnt map reading skills.

Notes
1) In Amano et al. (2003) the term “kaado echizu (card picture-map)” is used
in explanations of the presentation, but other life studies textbooks do

not use the term “chizu (map)” at all.
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2) Although all respondents mentioned the reference points for each object,

the points helped to reveal what the respondents used to read the map.
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Chapter 4. Development and experimental study of ‘Cellular
Phone GIS’ as utilizable GIS in education

4.1 Introduction

4.1.1 Review of previous works on education and GIS

Nowadays, it would not be an exaggeration to say that GIS is here to stay.
Car navigation systems and web map services like Google Maps with GIS in
the background are already used in many aspects of our lives.

In the education field in Japan, utilization of GIS has been expected since
an explanation of GIS appeared in upper secondary school geography
textbooks in 1995. This expectation comes from two perspectives: the
advantages in education of utilizing GIS and the government’s information
technology and education policies.

There are some discussions about the effectiveness of utilizing GIS in
primary and secondary education in various dimensions. The first is the point
of view regarding the characteristics of GIS and the quality of education, in
other words, that teachers can make original maps which students can
understand easily using GIS, enabling the arrangement or revision of many
kinds of maps such as thematic maps and general maps, and thereby leading
to better classes. Another discussion concerns students’ involvement in
classes utilizing GIS. Students themselves operate GIS and analyze the
results displayed by GIS, giving rise to the opinion that GIS is effective for
cultivating spatial cognition and a geographical perspective and way of
thinking. Also, there are some examples that indicate that fieldwork using

GIS makes students motivated or positive (Tinker 1992, Baker and White
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2003, Kerski 2003, Johansson 2006.) Such works were welcomed expectantly
in the field of geography and in other areas such as environmental education
and urban engineering.

Also, government policy toward digitization of education raised hopes
for using GIS in schools. In 1999, government-led projects such as ‘Kodo
johoka shakai suishin ni muketa kihon hoshin- akushon puran (Basic policy
for advanced information and telecommunication society - Action plan)’
(Headquarters for the Promotion of an Advanced Information and
Telecommunications Society, 1999) and the ‘Millennium Project’ (Cabinet
Office, 1999) emphasized “digitization of education.” The ‘e-Japan strategy’
in 2001 (Strategic Headquarters for the Promotion of an Advanced
Information and Telecommunications Network Society, 2001) also gave
priority to digitization of education as strengthening human resource
development. Since then, the environment of computers and networks in
school has improved rapidly all over the country and computers and the
Internet have been incorporated into lessons. These policies should serve as
a spur to GIS in education which needs a computer environment.

Previous studies have expressed expectations of introducing GIS in the
education field in Japan. Akimoto (1996) explained about GIS and discussed
the problems of introducing GIS into upper secondary schools. Itoh et al.
(1998a) and Itoh (1999) explained trends and examples in the United States
and mentioned the possibilities of introducing GIS into school education.
About the possibilities of introducing GIS into classes, Ozeki and Hayakawa

(2003) considered GIS the ideal support for the chorographical method.
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Fukuda and Tani (2003) conducted an inquiry survey targeted at teachers and
discussed how GIS can be utilized in geography education in upper secondary
schools. Itoh and Ugawa (2001) examined the possibilities of using GIS in
environmental education through practical use of GIS.

Also, some motivated secondary school teachers who are interested in
GIS tried conducting classes using GIS software (e.g. Kobayashi 2001, Tani
et al. 2002, Tatsuoka 2002). These studies emphasized the advantages to
education such as developing students’ spatial cognition using maps, the
characteristics of software that can generate many kinds of maps immediately,
and the benefits of using networks to share information on computers.

Previous studies have underlined the fact that GIS is not used in school
education. That is why many scholars and teachers who are familiar with GIS
have explained the benefits of using GIS and suggested ways of using it.
Although such efforts have continued for more than a decade, GIS has still
not been introduced into schools yet.

Obstacles to introducing GIS into school education are assumed to be the
national curriculum standards, the computer and network environments in
schools (Minamino 2003), and time constraints because introducing GIS
requires a great deal of time to install GIS on the computers, input data and
teach students computer literacy, map reading skills and the basics of GIS.
However, it is thought that GIS will improve the quality of education and
support classes, although the possibility is also pointed out that teachers and

students may be burdened by introducing GIS (Yuda and Itoh 2007).
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4.1.2 Integration of fieldwork, mobile GIS and cellular phones

In geography textbooks in lower and upper secondary education,
fieldwork is recommended. GIS manages data using position information
including data. In fieldwork, large amounts of data on an area are recorded.
Ordinarily, paper maps and notebooks are the recording media for recording
land use and the number of stories of buildings in the research area. With
GIS, it is possible to process, edit, visualize, analyze and share data
collected using paper maps and notebooks. From this point of view, some
case studies on fieldwork using GIS have been conducted. Ugawa and Itoh
(2002) and Yang et al. (2001) reported environmental studies using WebGIS.
Sugimori (2004) combined digital image data with GPS, and then put the
processed data on the map. And Mizutani et al. (2007) used a PDA-sized GIS
terminal ‘ArcPad’ developed by ESRI.

In any case study, all the data collected using maps, notebooks and
digital cameras need to be input into a computer in order to integrate the data
after the fieldwork. In other words, the same data is written or input many
times and cannot be analyzed before input. Furthermore, it sometimes
happens that the wrong information is recorded, notebooks or maps including
important data are lost, data is wrongly input or input of data to the database
on the PC is unconsciously omitted.

Generally speaking, GIS is difficult to operate, especially for unskilled
users. Not everybody doing fieldwork needs basic knowledge of GIS such as
map projection, the concept of layers, types of data like vector or raster, and

so on. Also, the level of map reading skills varies between individuals.
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If GIS could be brought into use everywhere, users could input data there
and then. The efficiency of the fieldwork would thus be further improved. If
this “mobile’ GIS was connected to a network, it would be possible to store
the data on the server. Accordingly, users could input, edit and process data
in the field, and they would not need to make a new database or move data
into desktop GIS after the fieldwork. Furthermore, as GIS has the function of
showing maps of the research area in different scales, users could use GIS
even without skills in map reading, experience of using GIS or knowledge of
GIS.

One idea to realize these possibilities is integration of mobile GIS and
cellular phones. Recently, GIS has improved functionally and improvement
of hardware has made GIS portable. Therefore, ‘mobile GIS’ and its use have
gradually expanded. Meanwhile, mobile phones are widely used and owned
by many people in Japan. Cellular phones are widely used in our daily lives
as communication tools and handheld terminal devices. According to the
report on the growth of cellular phone use in Japan (Ministry of Public
Management, Home Affairs, Posts and Telecommunications, 2004), since the
mid-‘90s the number of cellular phone bearers has increased rapidly, and in
2006 the number of cellular phone subscribers was about 100 million (Figure
4-1).

In recent years, users use their cellular phones not only to make calls but
also to exchange text messages. Cellular phone technology itself has made
spectacular progress. Innovations include light weight with a built-in camera,

high speed and broadband Internet access, so navigation services or Google
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Maps can also be used on the mobile. These services using GIS are a popular
feature of mobile phones.

Figure 4-2 shows the percentage of PC users and Internet access from PCs
at each school level. Over three-quarters of elementary school pupils have a
PC and nearly 60% of them connect to the Internet via the PC. More than 80%
of lower and upper secondary school students have a PC and about 85% of
them connect to the Internet using the PC.

The situation regarding mobile phones is that about 30% of elementary
school pupils have cellular phones. In lower secondary school, more than
half of pupils (57.6%) have cell phones, and almost all (96.0%) upper
secondary school students have cell phones (Cabinet Office, 2007).

Furthermore, almost all mobile phone holders also connect to the Internet
via their mobile phone. This result indicates that many students are familiar
with mobile phones. Of course, they can manage their cellular phone with a
practiced hand.

These actual conditions indicate that cellular phones with GIS have the
potential to be a tool that will assist education. Additionally, as taking
students out of school is a burden on teachers in lower and upper secondary
schools, fieldwork is not practiced enough. In this situation, it is significant
for education that GIS has acquired a mobile function using cellular phones
which many students own and could be used easily outdoors.

Because of this situation, the author and colleagues developed “Cellular
Phone GIS.” This chapter aims to cover the development of “Cellular Phone

GIS’ and evaluation of its effectiveness. The chapter starts by explaining
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‘Cellular Phone GIS,” then gives a comparison of the effectiveness of
surveys using paper maps and notebooks and using Cellular Phone GIS that
was conducted of university students. Classes using Cellular Phone GIS were
also conducted in lower and upper secondary schools. Through these trials
and evaluations by students, the author considers the effectiveness of GIS in

school education.

4.2 Process and current situation of study and development of Cellular Phone

GIS
4.2.1 Background of development of Cellular Phone GIS and previous

research

This study on the utilization of Cellular Phone GIS in the education field
is based on the development of mobile GIS cooperation between universities
and Tokyo Gas Co., Ltd. (present TG Information Network Co., Ltd.) which
started in 1997 to make GIS familiar as a tool to support education.

Mobile PC GIS (Figure 4-3) for geography education in high schools and
universities was developed from 1997 to 1999, by improving the GIS that the
gas company had produced for the maintenance of gas facilities (Itoh et al.
1998b, Okunuki et al. 2000).

For the development of mobile PC GIS, we focused on the usability of
GIS. First, the application can be operated on a notebook computer with
Windows because PCs with Windows are predominant worldwide. GIS on a
notebook computer using the Windows operating system can be helpful to

input data during fieldwork. Second, it is possible to import both vector and
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raster data. This function plays a role as a bridge between existing data or
high-end GIS and mobile GIS, and assists users to use not only digital maps
but also digital images of map. On these imported maps, users can record
information as symbols, lines or polygons. Third, the integration of GIS with
database or spreadsheet software such as Microsoft’s ACCESS or EXCEL is
also desirable to manage and analyze the collected data. Each user can
customize the attribute data at his or her request with the database software.
This customization broadens the potential of using mobile GIS. Furthermore,
this integration of mobile GIS with database software gives users who are not
accustomed to using GIS the ability to operate mobile GIS easily without
extensive knowledge. Lastly, we added a function to input freehand notes and
photographs with attributes about location. Cumulatively, these data and
contextual notes offer a rich description of the study site and help to
understand the current conditions in the field.

The research team conducted research on land use in a city with mobile
PC GIS by university students. Most of the students did not have any
knowledge of GIS but knew how to use the spreadsheet software. They did
fieldwork and inputted information using mobile GIS and made charts using
Excel.

After the initial development of mobile PC GIS as mentioned above, the
research team then improved and miniaturized the mobile GIS application to
permit it to operate on a PDA such as Palm OS or Windows CE (Figure 4-4).

Using cellular phones as an interface with GIS is an ultimate application

of mobile GIS. Cellular phones are widely used in our daily lives as
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Figure 4-3 Mobile PC GIS

Figure 4-4 PDA GIS
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communication tools and handheld terminal devices. As Figure 4-1 shows,
the number of cellular phone bearers is 96 million. This means that almost
80% of the population has one or more cellular phones. Many cellular phone
users use their phone not only to make calls but also to exchange text
messages.

On the other hand, cellular phone technology itself has made spectacular
progress. The diffusion of third-generation mobile phones since around 2004
has brought many changes in telecommunication. These innovations include
light weight with a built-in camera, easier access to the Internet and simpler
operation. And as it has become possible to run a large size Java-based
application on a mobile phone, users can use the application by connecting to
the Internet. Also, some problems arise when using mobile GIS on a PC. The
weight and battery life of the computer affect the time because it cannot be
used in the field without recharging. From this perspective, it is possible to

say that the cellular phone is superior to the PC as a platform for GIS.

4.2.2 Outline of Cellular Phone GIS

The study on “Cellular Phone GIS” for educational use was started in
2004. “Cellular Phone GIS” collectively means the system including the GIS
application for mobile phones (hereinafter called the Cell Phone GIS
Application), an Internet browser-based viewer for PCs (hereinafter called a
PC viewer), and the data server that connects them (Figure 4-5).

The Cell Phone GIS Application is a Java-based application for NTT

docomo’s FOMA, a 3G cellular phone. This application accesses the database
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server where the map data are stored and retrieves the necessary map data.
Users always refer to the map while they input data and confirm the place on
the map. Therefore, it is possible to go through the positions and attributes
of all the data shown on the map of the area. Users can plot data on the map
displayed on the mobile phone. The plotted data are displayed as icons on the
map (Figure 4-6). The Cell Phone GIS Application is configurable in terms of
alternatives for attributes in advance, so every investigator can input data in
the same quality. In the case of land use surveys, users choose the attributes
which are the anticipated type of land use and an icon to reflect each
attribute is displayed.

In addition to collecting data by alternatives, the user can take notes by
inputting text. Also, this application can work with the built-in camera on
the phone, so the user can add image data taken with the digital camera. All
the data are saved with coordinates in the database server in which all the
map data for the Cell Phone GIS Application are stored. These data can be
read and edited by clicking on the icon which was generated by inputting the
data.

The PC viewer on which the user can see the data input from the Cell
Phone GIS Application on the PC is a web-based application using Google
Maps. The PC viewer retrieves the data from the database server shared with
the Cell Phone GIS Application and displays the data on Google Maps. From
the PC viewer, the data can be viewed and edited * .

The left side of the PC viewer displays the attribute data and selected

icon images (Figure 4-7a). When the “Display attribute data” tab is selected,
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the attribute data can be modified. Also, it is possible to choose the layers
which the user wants to show, so complicated combinations of layers are
possible (Figure 4-7b).

The uniqueness of the Cell Phone GIS Application lies in the fact that
users always refer to the map while they input data and confirm the place on
the map. Therefore, it is possible to go through the positions and attributes
of all the data shown on the map on the mobile phone display. Of course, the
data can be monitored using the PC viewer at the same time.

Also, it is notable that the PC viewer only needs an environment with an
Internet connection and Web browser and the functions do not depend on the

type of OS or the PC’s performance.

4.3 Experiment at university
4.3.1 How the experiment was conducted

The functions and effectiveness of Cellular Phone GIS were tested mainly
in a land use survey in an urban area in November, 2004 (ltoh et al. 2005a
and 2005b, Hayashi et al. 2005).

These studies were experiments to compare the ordinary method of
research using printed maps, data collection forms and notes, and Cellular
Phone GIS to see which students can collect data effectively. So the students
surveyed the same land use objects in a shopping district in Kanazawa city by
two different methods, the Cell Phone GIS Application and paper maps.
(Figure 4-8).

The survey contents were the position of the place on the map, category
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of land/building use, frontage, number of stories, name of building, images
using the built-in digital camera, name of the researcher, date of the research,
and additional memoranda (Figure 4-9, 4-10).

The data input process of the survey using the Cell Phone GIS
Application is as follows (Figure 4-11). The main functions of GIS on
cellular phones are map display and data entry. To display the map of a place
after login (Figure 4-9a), we have to select the address. In other words, first
we choose a prefecture name, secondly a city name, and finally the name of
the block or street (Figure 4-9b). The map can not only be panned or enlarged
(Figure 4-9d) but also scrolled up or down. Data entry display is concerned
with the information to be collected.

Users can collect various kinds of information such as land use in 8 major
categories and 72 subcategories (Figure 4-9e). Major categories include
office, store, restaurant, hotel, public, residential, open space and so on. The
icons shown on the display in the Cell Phone GIS Application and on the PC
viewer depend on the selection of category (Appendix 4-1). Users can also
store other information such as the name of the building (Figure 4-9f) as well
as pictures taken with the digital camera in the cellular phone (Figure 4-9q).

All the information is entered on the map which can be seen from any
location in the Cellular Phone GIS Application (Figure 4-9h) or on the PC
viewer via the Internet.

In a survey with paper maps, normally field notes are used to collect data.
In this comparative study, a data collection form was made in advance and

used (Figure 4-10). This study compared the effectiveness of surveys using
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Figure 4-8 Experiment using the Cell Phone GIS Application

(2004)
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( Start )

Select the position of
the place on the map

Select the classification of

land/ building use
(See appendix 4-1)

Select the subclassification of
land/ building use
(See appendix 4-1)

Input basic information
« Frontage (cm), number of stories (integer)
« Name of the building (string)
« Image (using built-in digital camera)
« Name of researcher (string)
« [Date of the research (stored automatically)]
 Other information (Memorandum, string)

End

Figure 4-11 Data input process of land use survey with Cell

Application (University version)
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Cellular Phone GIS and using paper maps. The experiment was conducted in a
university class focused on geographical fieldwork. Each student
experienced two types of fieldwork. One was a conventional survey using
paper maps and field notes and the other depended on Cellular Phone GIS.
As to the two methods of the survey, we measured the time needed to

collect the same information in the same region.

4.3.2 Results of the experiment

The time required to input 104 records by the 11 students who
participated in the survey was calculated. The survey using paper maps
required 2.7 minutes to collect the data at each point. The Cell Phone GIS
Application needed 3.0 minutes. Although the time needed using paper maps
was a bit shorter than the Cell Phone GIS Application, it can be said that the
efficiency was almost the same.

The conventional method using paper maps was designed to achieve as
effective results as possible. If the students did not use the data collection
form but field notes and paper maps, efficiency might be reduced. Also, it
must be remembered that only the results of the time required to collect
(input) the data are compared. In the survey using paper maps, inputting and
counting data were required after the fieldwork. Conversely, in the case of
Cellular Phone GIS, the user input the data to the database on the server in
the field, so they did not need to do it again after coming back. Also, image
data taken with the built-in digital camera on the mobile phone and the

geo-coordinates of each record were recorded by the Cell Phone GIS
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Application. These survey items were not included in the survey using paper
maps. Consequently, Cellular Phone GIS is higher in efficiency.

After making improvements to the Cell Phone GIS Application, the
author conducted a comparative experiment of the original version and the
new version of the Cell Phone GIS Application. This survey measured the
time required to input data on the same 10 search points using two different
versions of the application. The entry speed of the old version was 1 minute
45 seconds and the new version was 1 minute 24 seconds without loss of time.
Compared to the old version, 21 seconds were saved with the new version
(Table 4-1).

If the working efficiency using paper maps is taken as 100, efficiency
using the old version of the Cell Phone GIS Application was 90. Because the
survey content and conditions were different, the survey using paper maps
and the Cell Phone GIS Application and the survey using the old and new
versions of the application cannot be compared. However, if the working
efficiency using paper maps is converted to 100, the new version of the Cell
Phone GIS Application becomes 112.5. Therefore, even if we only look at
data collection in the field, the survey using Cellular Phone GIS is

considered more efficient.

4.3.3 Effectiveness of Cellular Phone GIS from surveys by university
students
The other thing worthy of special mention is that, because most of the

students were familiar with cellular phones, they could easily use Cellular
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Table 4-1 Comparison of efficiency between old version and improved version of Cell Phone GIS
Application (2005)

a) Improved version of Cell Phone GIS Application

Research Time Actual time No. of
. Researcher Starttime Finish time . Time loss . research
point required required .
points
A 9:57:20  10:14:20 0:17:00 0:04:35 0:12:25 10
South side of B 10:18:45  10:31:05 0:12:20 0:00:25 0:11:55 10
the street C 10:43:00  10:58:00 0:15:00 0:01:05 0:13:55 10
Subtotal Average 0:12:45 10
North side of D 9:48:00  10:03:00 0:15:00 0:00:00 0:15:00 10
ortn siae o YE A1 R .00- 1R
the street E 10:24:15  10:41:00 0:16:45 0:00:10 0:16:35 10
Subtotal Average 0:15:48 10
Total required time 1:09:50
Total Total research points 50
Actual time required/ point 0:01:24
b) Older version of Cell Phone GIS Application
. . No. of
Rese_arch researcher Starttime Finish time Tlme Time loss Actual_ time research
point required required .
points
A 10:43:00  10:57:25 0:14:25 0:00:00 0:14:25 10
South side of B 9:57:20  10:16:05 0:18:45 0:03:25 0:15:20 10
the street C 10:18:45  10:44:50 0:26:05 0:06:13 0:19:52 10
Subtotal Average 0:16:32 10
H side of 10:53:00 11:12:00 0:19:00 0:00:00 0:19:00 10
North side of - ¢ 0:48:00 10:22:00  0:34:00  0:14:42  0:19:18 10
the street
Subtotal Average 0:19:09 10
Total required time 1:27:55
Total Total research points 50
Actual time required/ point 0:01:45

(Source: Author’s survey)
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Phone GIS without a detailed explanation of how to use it. If they used GIS
on a PC for the first time, they would need a long time to learn how to use it.
This is meaningful not only for students but also for teachers, because they
do not always have enough time in class for training.

After the survey, the students answered that they were more interested in
the survey using Cellular Phone GIS than the survey using paper maps.

Furthermore, users reload the map on the application during the survey,
and then the application retrieves the data from the server. Therefore, users
can see that the data on the map are updated immediately. If several users are
using the application at the same time, the users can see all the information
input by everybody using this tool and can see the overall progress of the
work. Such real-time data-sharing can enhance the learning effect. Therefore,
it could be said that the effectiveness of Cellular Phone GIS use in education

will be high.

4.4, Practice in using Cellular Phone GIS in lower secondary school
4.4.1 Outline of practice in lower secondary school

The next phase of the study was practice in using Cellular Phone GIS and
evaluation of its effectiveness in secondary education. Since the urban
survey using Cellular Phone GIS by university students in Kanazawa city in
2004 clarified some problems in usability, Cellular Phone GIS was improved
in respect of scale switching and input interface for use by classes in lower
and upper secondary schools.

Practice in lower secondary school was conducted at Tamamura Minami
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Table 4-2 Lesson plan for “Elective social studies” (10 class periods)

Theme: “Research the secrets of the new/ old shopping area in Tamamura town with GIS”

Aim and content of lesson

1. Orientation of the route, “Elective social studies”(1 class period)
2. Setting the goal of the unit using Google Earth (1 class period)
(D Set the goal of the unit (20 min)
@ Try to use Google Earth (30 min.)
Introduction 3. Preparation for fieldwork 1 (1 class period)
D Make a hypothesis of the fieldwork (30 min)
@ Learn ‘Netiquette’ (20 min)
4. Preparation for fieldwork 1 (1 class period)
@ Try to use the Cell Phone GIS Application

5. Fieldwork (2 class periods)
Fieldwork - F)o fieldwork in g.roups in the shopplng area
6. Combining results from fieldwork (2 class periods)

Combine results from the fieldwork using the PC viewer

7. Making a presentation about the results of the fieldwork (2 class periods)
+ Craft a presentation with Google Maps and presentation software.(1
class period)
Presentation (1 class period)

Presentation
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Junior High School in Tamamura town, Gunma prefecture. In elective social
studies classes for 2"° grade students, a survey of the neighborhood area was
conducted in June 2007 (Table 4-2, Appendix 4-2, 4-3, 4-4, 4-5, 4-6, 4-7).
The survey was conducted of the area of historic streets in the original
center of the town that flourished from the Edo period through the Showa era
and an area along the new road that is being developed where new suburban
shopping centers and other shops have opened. The purpose of the survey was
to find differences in the characteristics of the areas from data collected in

the fieldwork.

4.4.2 Proceedings of classes using Cellular Phone GIS
1) Explanation of Cellular Phone GIS and learning how to operate it

The anticipated problems in practice for lower secondary school
students are the operation of the applications in Cellular Phone GIS and the
quality of the data collected by the students.

The Cell Phone GIS Application is a Java-based application running on
the mobile phone and is designed for any model of mobile phone. The way of
operating the application is common to other functions on the phone such as
applications for email or games. Operation itself will be easy for cellular
phone users. Although the penetration rate of mobile phones among lower
secondary school students is 57.6% (Cabinet Office, 2007), students deemed
it necessary to learn how to operate the application and acquire cell phone
literacy in advance.

Additionally, the point of the survey was whether students can plot data
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on the target building on the map precisely. Map reading skills and data input
skills were strongly required of the students.

First of all, the students input dummy data on the objects using the Cell
Phone GIS Application as practice. At that time, the students were in the
classroom and entered the data on the names of the buildings to be researched.
The input data were modified in the fieldwork. Here, all the research objects
fell into the same category of land use. Therefore, the displayed icons were
the same until the fieldwork was conducted. The idea was to enable finished
objects or unfinished objects to be recognized easily, because the design of
the icon was defined by the category of land use and would be changed when
new information was entered. Such real-time data-sharing is one of the
benefits of introducing mobile GIS.

In the class, the students entered data on the shapes of the buildings
displayed in the Cellular Phone GIS Application by looking at detailed paper
maps of the study area (Figure 4-12). Through the work, the students were
expected to become accustomed to operation of the application and acquire a
spatial image of the survey area.

2) Practice using Cellular Phone GIS in fieldwork

The aim of this practice was to examine the effectiveness of the Cellular
Phone GIS itself.

Students were divided into groups of 1 or 2 people and were sent to their
research area to collect data on the buildings which had been entered in
advance (Figure 4-13).

On the hypothesis that the scenery in the research area would differ

124



Figure 4-12 Practicing the Cell Phone GIS Application in the

classroom (2007)

Figure 4-13 Fieldwork using the Cell Phone GIS Application

(2007)
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C Start )

Select the period division
[Period division]

A: Heisei era onward; 1989-

B: After World War II; 1945-88
C: Before World War Il; -1945

Select the position of
the place on the map

Select the classification of

land/ building use
(See appendix 4-1)

Select the subclassification

of land/ building use
(See appendix 4-1)

Input basic information
 Frontage (cm), number of stories (integer)
» Name of the building (string)
* Image (using built-in digital camera)
* Name of researcher (string)
« [Date of the research (stored automatically)]
» Other information (Memorandum, string)

( End )

Figure 4-14 Data input process of land use survey with Cell Phone GIS

Application (Lower secondary school version)
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according to the age of the buildings there, three periods were set in the
survey. The periods are A. Heisei era onward, B. Showa after World War II,
and C. before World War Il. The PC viewer was modified to show data in
layers in these age periods. This arrangement was added so that students
could know the period in which the building was built when they looked at
the data on the PC viewer.

Students chose the land use of the object from the list of land use
categories, and in addition, entered the year of construction, number of
stories, images taken by mobile phone and information obtained by
interviews or comments such as their impressions of the object (Figure 4-14).
3) Observation using PC viewer in classroom

Data input from the Cell Phone GIS Application can be viewed on the PC
viewer using Google Maps. The uniqueness of the PC viewer is that the
web-based application uses maps from Google Maps as the base map. And
schools do not need to install any special software. Every school with an
Internet connection and computers with a web browser can use the PC viewer.
Google Maps is a free web mapping service and provides views of maps,
satellite images, hybrid views and so on. The icons for the Cell Phone GIS
Application can be used in the PC viewer (Figure 4-15). As mentioned above,
it is possible to switch the display of the layers of the period divisions of the
building entered in the fieldwork. This function can show the distribution of
buildings by period of construction clearly.

The PC viewer can visualize the data collected by the students themselves.

Using the PC viewer, students seemed to understand the transition of the
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commercial area and the movement of the center of the town across the ages.
Evaluating students’ observations or opinions from the fieldwork survey, the

original aim of the classes was achieved using Cellular Phone GIS.

4.4.3 Effectiveness of using Cellular Phone GIS and issues in lower
secondary school

On the day of the fieldwork it rained. If this survey had been conducted
with paper maps and notebooks, it would have been difficult to accomplish
the trial. However, use of Cellular Phone GIS reduced the impact of the
weather. Also, the students did not need to do any extra work after the
fieldwork. If the recording media had been divided into paper maps,
notebooks and cameras, they would have needed to integrate the data. The
classes using Cellular Phone GIS could move to the next step smoothly. The
practice in lower secondary school also showed the expected effectiveness of
this system.

Moreover, the author conducted a questionnaire survey. 7 of the 8
students who participated in the survey responded. 6 of the 7 had learned
how to read maps in elementary school. About half of the students (3) had
mobile phones and used email, the Internet and applications daily. Although
the students who used mobile phones considered operation of the Cell Phone
GIS Application easy, the other students seemed to feel it was difficult.

5 of the 7 students answered that they enjoyed the survey. Some of them
said that they discovered many things that they had not known before. Also,

one student enjoyed finding the research objects input on the map in the real
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world. A few students said that it was difficult to confirm whether an object
on the map was the same object in the real world, or that the survey itself
was hard.

During the fieldwork, sometimes the students found that the points of an
object had been input wrongly in the previous class and they needed to
modify the data. But some students who relied on text data on the map and
believed the data were correct did not realize the errors and tried to continue
to enter other data, because they did not see the map as reflecting the real
world. As seen in Chapter 3, lower secondary school students tend to look at
the name of the building primarily. This is likely to happen. Also, the map
data in the Cell Phone GIS Application consisted of simple maps with the
shape of the roads and buildings without any text data. Students rated the
maps in the Cell Phone GIS Application 2.86 on average on a scale of 5 for
readability. As for the usability of the application, the score was also 2.86,
the same as the evaluation of the maps. These scores are not high. The results
are assumed to derive from students’ unfamiliarity with mobile phones, lack
of development of map reading skills and the quality of the maps and the
application itself.

Maps used in the Cell Phone GIS Application need to be more readable
and include more information to support users’ map reading skills, and the
application itself also needs to be improved in terms of usability. In this
experiment, the problem of Cellular Phone GIS was the inability to edit data
from the PC viewer because the info window function, Google Maps API, was

used. Therefore, users input and edited data using the Cell Phone GIS
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Application and the PC viewer had the function purely of a viewer. The PC
viewer was inconvenient in this respect. For the next phase, Cellular Phone

GIS needed to be improved.

4.5 Practice using Cellular Phone GIS in upper secondary school
4.5.1 Outline of practice in upper secondary school
1) Outline of the series of classes

After making changes and improvements to the maps in the Cell Phone
GIS Application and to the PC viewer based on the experiments in the
university and lower secondary school, practice using Cellular Phone GIS
was conducted in upper secondary school.

The classes using Cellular Phone GIS in upper secondary school were
implemented in the unit, “research in neighborhood,” in a “Geography B”
elective course at Takasaki High School, Gunma prefecture, in September
2007. 12 students in the second grade participated in this experiment.

Gunma prefecture used to be famous for sericulture and mulberry fields
covered a wide expanse of the prefecture. In 1965, 61% of farmers in the
prefecture grew mulberry trees, so the acreage under mulberry cultivation
was 23,117ha (Nihon chishi kenkyujo ed. 1968). Nowadays, sericulture has
declined because of urbanization and aging of the sericulturists, so the
acreage under mulberry cultivation in the prefecture was 1,100ha in 2005
(Kanto Regional Agricultural Administration Office, 2005). In this research,
students compared topographic maps showing the area near the school

between around 1975 and 2000 and found places where land use had changed

131



Table 4-3 Teaching plan for “Fieldwork using Cellular Phone GIS” for

geography classes in upper secondary school

Lesson Content of lessons

1 Students read maps to find the changes in land use around the high

school between 1975 and 2000 using topographical maps and aerial

photos on the Web GIS system.

2 Teacher explains how to operate the Cell Phone GIS Application.

Students use it and understand the operation of the application.

Students find the study area with the PC Viewer and decide the route to

research. Students are divided into 6 pairs of 2 persons.

Teacher gives instructions on the fieldwork. Teacher suggests students

see the study area before doing the fieldwork, if possible, so as not to

get lost.

3 Each pair moves to their study area by bicycle. One has a mobile phone

and confirms the research points and inputs the data on land use. The

other observes the area.

4 Each pair makes a presentation on the results of the fieldwork using the

PC Viewer. They report on the actual conditions and characteristics of

their own study area.

5 Based on the presentations, the students consider the characteristics of

the changes in land use around the high school and consider agricultural

problems in Gunma prefecture and Japan.
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from mulberry fields during the 25 years. Then they surveyed the land use of
former mulberry fields at the time of the survey in September, 2007.
The content of each class was as follows. In the 1°' period, as mentioned

above, using WebGI1s?2) e

students compared old and new topographic maps
from around 1975 and 2000 and found changes in land use. In the following
2"% period, the students used the Cellular Phone GIS Application and PC
viewer in the classroom and learned how to operate them and confirmed the
route of the survey. In the 3" period, the students conducted fieldwork with
the Cellular Phone GIS Application. In the 4'" period, the students reported
the collected data in each surveyed area using the PC viewer and shared the
information with the other students. Then in the 5" period, each student
considered the actual condition of the mulberry fields and the tendencies in
distribution in the surveyed area using the function of choosing the layers to
display on the PC viewer (Table 4-3).
2) Preparation to introduce Cellular Phone GIS

The maps used in the Cell Phone GIS Application were 1:25,000 digital
maps (2003) issued by the Geographic Survey Institute. The maps include
information on roads, railways, rivers, borders of municipalities, place
names and public facilities. But the scale of the maps is small, so the maps
are less detailed. This fieldwork was conducted at micro-level to see the
condition of the fields in a residential area. Digital maps of this scale do not
include data on boundaries of houses, and users find it hard to recognize land

use in fields in mountainous areas. Furthermore, when student users read

maps, they have a tendency to depend on text information such as the names
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of places or buildings rather than the shape of the roads or buildings (Yuda et
al. 2007), so other data that is not included in digital maps is needed to
support map reading when students go out into the field.

To add supplemental information, text data and photo images of some
points to act as landmarks and survey points were added. These image data
were expected to help students to recognize where they are on the map and to
find their destination accurately, so they were added arbitrarily. Survey
points were indicated by the icon so that users could find unvisited
points, see the progress of the research when they added the attribute data
that changed the design of the icon as the type of data, and feel a sense of
accomplishment.

3) Usage of Cellular Phone GIS

The study area of the fieldwork, within 5 km from school, was divided
into 6 sub-areas. Each group collected data on 7 to 10 points in each
sub-area.

In the survey, the students collected data using the Cell Phone GIS
Application as follows: type of land use, presence of mulberry fields, type of
crops or trees, and condition of the mulberry fields in the event of finding
them at the point. In the case of agricultural land use, waste land or forest,
students chose the condition of the survey point. In addition, they recorded
notes and memos of interviews and took images with the mobile phone
camera (Figure 4-16).

The students went to find the research points in the Cellular Phone GIS

Application, then input the data on land use and mulberry fields at the
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Figure 4-16 Data

Application (Upper secondary school version)

( Start )

Select the position of
the place on the map

Select the main classification

of land use
(See appendix 4-8)

Select the subclassification

of land use
(See appendix 4-8)

Select the sub-

subclassification of land use
(See appendix 4-8)

Input other attributes
eImage (using built-in digital camera)
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input process of

( End )
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Figure 4-17 Fieldwork with Cell Phone GIS Application

(2007)

Figure4-18 Interviewing local people in the fieldwork

(2007)

Figure 4-19 Students examine the survey results using PC

Viewer (2007)
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location (Figure 4-17). Also, they interviewed local people about the area
and learned more about the changing face of the mulberry fields (Figure
4-18).

After the fieldwork, the next lesson was held in the classroom.
Displaying the maps and collected data with the PC viewer, each group
reported what they had found and all the students shared the information on
the conditions at the research points and the mulberry fields there. Then, in
the next class, the students considered the distribution and tendencies in land
use in the study area from many points of view such as the geological,

historical and economical aspects (Figure 4-19).

4.5.2 Student’s evaluation of introducing Cellular Phone GIS into fieldwork
The author conducted a questionnaire survey on Cellular Phone GIS and

fieldwork. From these results, we can see the effectiveness of the Cellular

Phone GIS in the fieldwork.

1) Usability of the Cell Phone GIS Application

The students’ evaluation of the Cell Phone GIS Application can be
explained by their mobile environment and map study experience.

25% of the students answered that operation of the Cell Phone GIS
Application was very easy, 58.3% of them answered that it was easy, and the
other students said neutral. No student said it was difficult to operate. On a
5-point scale, they rated the usability of the Cell Phone GIS Application 4.08
on average. Compared to the lower secondary school students whose score

was 2.86, the upper secondary school students’ score is 1.22 points higher.
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As the application was improved after the practice in the lower secondary
school, it was anticipated that the result of usability would be better.
However, one of the main reasons why the students could use the application
on the cellular phone was the popularity of mobile phones among the
students themselves. 11 out of the 12 students have cellular phones. All the
students who have a mobile phone use the email function and more than 70%
of the students use their mobile phone for making calls and browsing the
Internet. And about half of the students also use games and other
applications (Table 4-4).

The operating procedures for the Cell Phone GIS Application are common
to the operation procedures for email, web browser and applications on
mobile phones. Students in upper secondary school have already mastered the
use of the mobile phone. For that reason, it is assumed that for the students
the use of the Cell Phone GIS Application will be rather easy.

To use GIS, map reading skills are necessary. More than 90% of the
students in the survey answered that they had learnt how to read maps. About
70% had learnt in lower secondary school, and about 30 % had learnt in
elementary school and upper secondary school (Table 4-5).

75% of the students who participated in the survey said that they could
understand paper maps very well or well. Regarding the maps in the Cell
Phone GIS Application, the result was almost the same (Figure 4-20). On a
5-point scale, they rated the readability of the maps in the Cell Phone GIS
Application 3.83 on average. Compared to the lower secondary school

students, the score was 0.97 points higher.
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Table 4-4 Mobile phone usage among students

Functions used (%)
E-mail 100.0
Internet 72.7
Call 72.7
Applications 54.5
Digital camera 9.1
Music player 9.1

(n=12, multiple answers)

Table 4-5 Period of map Study

(%)
Elementary school 27.3
Lower secondary school 72.7
Upper secondary school 27.3
N.A. 27.3

(n=11, multiple answers)
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Figure 4-20 Students’ literacy in paper maps and digital maps in the

Cell Phone GIS Application
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The upper secondary school students not only use mobile phones but had
also learnt how to read maps. Most of them answered that they could
understand what was drawn on the map. From these results, it can be said that
introducing the Cell Phone GIS Application into the fieldwork posed almost
no problem.

2) Impressions of the fieldwork with Cellular Phone GIS

‘Geography B’ in which the practice was conducted is an elective subject.
Students who like geography take this course. Before the practice, their
interest in fieldwork seemed to be a mixture of expectation and anxiety
(Figure 4-21). Students with positive opinions expected to go out and survey
by themselves and were interested in the Cell Phone GIS Application.
Students who did not expect much did not know what they would have to do
in the survey and thought it would be hard.

The students’ image of the Cell Phone GIS Application before use showed
the same tendency as their image of the fieldwork above. Before use, 75% of
the students had an “advanced’ image and half of the students felt it would be
‘interesting.” On the other hand, some of the students answered that they
thought it would be ‘hard to understand,” ‘complicated’ or ‘boring’ (Figure
4-22).

It is natural to feel anxiety about something unknown and to have a
negative image of it. But many of the students seemed to feel interested in
the new tool and have expectations of it.

The students’ impressions after the fieldwork were not so bad. More than

80% of the students answered that they ‘enjoyed very much’ or ‘enjoyed’ the
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Figure 4-21 Degree of expectation of the fieldwork
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Figure 4-22 Image of Cell Phone GIS Application before and after Use
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Figure 4-23 Impressions of the Fieldwork
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fieldwork (Figure 4-23). The reasons included seeing the fun of the
fieldwork, like a game, in finding the survey points and acquiring new
knowledge about their neighborhood through observing and interviewing.

After using the Cell Phone GIS Application, the students did not have
such an ‘advanced’ image any more. On the other hand, they had positive
images such as ‘convenient,” “easy to understand,’ “interesting’ and ‘easy to
use.” Students who had had a negative image before use also had a good
image after use.

It can be said that most of the impressions of the fieldwork are related to
the characteristics of the fieldwork itself. But using Cellular Phone GIS in
fieldwork can be valued for making the fieldwork attractive.

At the end of the series of classes with the fieldwork, 66.7% of the
students thought that this fieldwork did not seem to be directly linked to the
university entrance examinations. On the other hand, more than half of them
were of the opinion that the experience in conducting surveys and making
observations from various perspectives might be indirectly linked to the
entrance exams and making a presentation on their findings in the fieldwork
would be a necessary skill in the future.

Through these experiences, more than half of the students came to have a
better image of geography and were interested in the subject more.
Furthermore, three-quarters of the students said they wanted to continue to
study geography.

Overall, students’ satisfaction with the classes in fieldwork incorporating

Cellular Phone GIS was high, and students seemed to actively participate in
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the survey. Also, it is interesting that they saw the learning effects acquired

from the process of research and observation from a future perspective.

4.5.3 Benefits of introducing Cellular Phone GIS and possibilities of its
utilization in upper secondary school

Cellular Phone GIS revolutionizes the style of fieldwork classes. The
tools for gathering information which can be separated into maps, notebooks,
writing tools and cameras are integrated into one mobile phone. Surveys
conducted with the Cell Phone GIS Application are almost unaffected by the
weather (Yuda et al. 2007). Users can see the data that have been input by
themselves and others in the Cell Phone GIS Application. Furthermore, all
the attribute data can be input at one time. Cellular Phone GIS does not
require the series of work required in conventional field surveys such as
inputting various and discretely collected data using paper maps, notebooks
and digital cameras to the PC after coming back to school. One reason why
teachers do not think of conducting outdoor surveys in class is that fieldwork
requires time. But the characteristics of Cellular Phone GIS enable the
fieldwork to be completed in lesson hours. This is precisely the effectiveness
of the introduction of Cellular Phone GIS.

One of the main advantages of introducing Cellular Phone GIS, as seen
from the viewpoint of the students, is that they can participate in field
surveys with low stress. They are familiar with mobile phones, so they can
operate the GIS easily. They just need to focus on entering data with a

familiar tool during the fieldwork and then do not need to do almost anything
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else. Cellular Phone GIS provides a school environment where they can
concentrate on studying.

From the point of view of the teachers who design the course, they can
save a lot of time by using Cellular Phone GIS. The operation of the mobile
phone itself hardly needs to be explained to the students. It is possible to
complete the data input during the fieldwork, therefore the teachers do not
need to arrange extra lesson hours or ask students to stay after school.
Furthermore, they have time to think about how to develop ideas for the next
step of the class.

One school had experience in conducting field surveys using GIS
software for a PC or WebGIS (Uchida 2007). But such fieldwork had to be
conducted after school or during the school holidays. In addition, the teacher
and students needed to input the data collected during the survey to the PC
after coming back to school. Furthermore, lesson hours for acquiring the
skills to operate the software were required. Because lesson hours are
limited, many of the GIS functions such as making maps, which students like
doing, or analyzing the data could not be used in class. As a result, it was
hard for the students to benefit from the field survey. In other words,
although originally the aim was to introduce GIS as a convenient tool into
school education, GIS itself created an environment where not only the
teachers but also the students were unable to use the original functions of
GIS in class.

Introducing GIS required much time and shortened the teaching hours.

Also, it is possible that data entry work after the outdoor survey demotivated

146



the students. It is necessary not only when using GIS but also in conventional
fieldwork to put data together and observe the results.

Cellular Phone GIS can be expected to solve these issues arising from
introducing GIS. As mentioned above, almost all students in upper secondary
school have mobile phones which are the core of the system, and the tool is
widely accepted. So it is expected that the Cell Phone GIS Application will
be easily accepted by upper secondary school students. Regarding the PC
viewer, only an Internet connection and web browser are required, so it

should be possible to introduce it into schools.

4.6 Conclusion

In this chapter, the author developed ‘Cellular Phone GIS’ and evaluated
its effectiveness in lower and upper secondary schools and in university.

First of all, an experiment in land use surveys using the prototype of the
Cell Phone GIS Application was conducted to see the effectiveness and
usability of the tool. The results proved that the efficiency of Cellular Phone
GIS was higher than conventional surveys with paper maps.

In lower secondary school, Cellular Phone GIS was used in fieldwork to
research the neighboring area of the school. Because students used the Cell
Phone GIS Application in the field survey, they could finish inputting the
data during the fieldwork even though it rained on that day. This trial proved
that the Cell Phone GIS Application can be used in all weather conditions.

In the practice in the lower secondary school, some of the students had

problems reading the map in the Cell Phone GIS Application. So for the
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practice in the upper secondary school, text or image data were added on the
base map to assist students in reading the map. Also, it was possible to edit
the data on the PC viewer.

In the upper secondary school, the students conducted a land use survey.
The evaluation of Cellular Phone GIS here was better than the evaluation in
the lower secondary school. Some of the students thought that the experience
of collecting data by themselves and examining them using GIS would be
useful for the future. This practice showed that fieldwork with Cellular
Phone GIS produced an educational benefit.

It can be said that Cellular Phone GIS combining the Cell Phone GIS
Application and PC viewer makes it possible to conduct fieldwork and
examine the results of the survey while keeping students’ motivation high
and making maximum use of the limited time and school facilities in
question.

There is no doubt that the practices conducted here indicate that Cellular
Phone GIS could be used in school education. When actually considering the
introduction of Cellular Phone GIS, this tool would be suitable for upper
secondary school or university based on students’ skills in operating mobile
phones and map reading skills.

But Cellular Phone GIS remains at the developmental stage. Usability of
the Cell Phone GIS Application and readability of the base maps on the
application, in particular, are still not good enough to be a tool for every
student, even though the application and maps were modified for the upper

secondary school students based on the opinions of the lower secondary
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school students. Mobile devices are being equipped with various advanced
functions at a rapid pace. Furthermore, the network environment is changing
and the ubiquitous society is coming. Improvement of Cellular Phone GIS
should take place against the background of considering the rapid
development of mobile phones and the network environment and the

characteristics, needs and views of students and teachers as users.

Notes
1) Only the PC viewer for upper secondary school enabled the data to be
edited as well as viewed. There were some opinions that users wanted to
edit data not only with the Cell Phone GIS Application but from the PC
viewer.
2) In 2004 and 2005 Takasaki High School conducted classes using WebGIS
developed in a project by the Ministry of National Land and
Transportation from 2003 to 2005 (Uchida 2007). This system was used

in the first practice.
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Chapter 5. Introducing GIS in school education: the Finnish case
5.1 Introduction

The application of GIS to school education has been pointed out in
Japan (Itoh et al. 1998, Akimoto 1999, Ida 1999). Now, in the 21st century,
with the rapid digitization of education, utilization of GIS in education is
coming to be considered as a feasible aspect of geography education and
many experimental practices have been conducted (Tatsuoka 2002, Tani et
al. 2002 or Itoh et al. 2005). However, it has been said that GIS is rarely
used in classes (lda 2004). As seen in Chapter 2, the reality in school is
that still very few teachers use GIS.

Such a slow pace of introduction of GIS into school education is not
just found in Japan. Similar cases have been reported in other countries
(Kerski 2001, 2003, Baker 2005). However, there is one country that
fosters students’ ability to read and wunderstand maps from a
geographical viewpoint as an essential requirement for using GIS from
primary education and has already introduced a subject specifically for
studying GIS in the national core curriculum. That country is Finland.

Finland has a very high academic level. The country has ranked
number one in the world in the Programme for International Student
Assessment (PISA) of the Organisation for Economic Cooperation and
Development (OECD) since 2000 (Opetusministerié, 2007). The content
and method of education in Finland have, therefore, attracted attention in
Japan (Fukuda 2006), but unfortunately, geography education in Finland

has so far gone unnoticed in Japan. In Finland, geography is positioned as
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a bridge between natural and social sciences and is considered an
important subject for fostering the ability to think logically. In the
national core curriculum for upper secondary school announced in 2003, a
subject featuring GIS was installed as “one of the greatest challenges for
the future of geography education (Houtsonen 2003)” and this subject has
been conducted all over the country since August 2005.

Some examples of practical use of GIS overseas have been introduced
in Japan (Itoh et al. 1998, Itoh 1999). Most of the cases are in the United
States and a few are in non-English-speaking countries such as Taiwan
(lda, 2004). Geography education in other countries has been introduced,
such as education in the United States (Nakayama 1986, Minamino and Fujii
1992), England (Ueno 1994), New Zealand (lda 1995), Sweden (Murayama
1996), Germany (Mizuoka 1981) and so on, but they do not mention GIS.

Consequently, focusing on education in Finland is worthwhile when
considering the possibilities of widespread use of GIS in school education in
Japan, because Finnish geography and GIS education have not been reported
in Japan and the country has already introduced GIS into the national core
curriculum which regulates the content of each subject.

In this chapter, the aim is to clarify the penetration of GIS in Finnish
schools by questionnaire survey as well as the characteristics of geography
education in Finland and the reasons underlying the ability to introduce GIS
into school education by analysis of documents including the national core
curriculum and textbooks, inquiry surveys and interviews in Finland with a

view to promoting widespread utilization of GIS in school education in

157



Japan.

5.2 Survey on the use of GIS in Finnish upper secondary schools
5.2.1 Research outline and teachers’ basic attributes

The questionnaire survey of teachers in Finland was a joint survey with
the University of Helsinki. The survey was conducted from 2006 to 2007. The
questionnaires were distributed by email to 380 geography teachers and
biology teachers who also teach geography all over the country. The
questions to the Finnish teachers were the same as the questions posed to the
Japanese teachers in Chapter 2. Therefore, the content of the survey mainly
covered their major subject, grades taught, degree of use of GIS and opinions
on GIS (Appendix 5-1).

The response rate was 21.8% (83 teachers). 59% (49) of the respondents
were female. Figure 5-1 shows the age of the respondents. There were few
respondents in their 20s, because graduation from university means acquiring
a Master’s degree in Finland and students tend to study at university for a
long time. Therefore, most teachers begin their careers as teachers later in
life. The number of years of experience as a teacher showed the same
tendency as the teachers’ age structure (Figure 5-2).

69.9% (58) of the respondents taught geography and 62.7% taught biology
(52). 36.1% (30) of the teachers taught both subjects, 2 teachers taught
health education and 1 taught psychology besides geography or biology.
Teachers who taught only geography were 33.7% (28) and only biology were

26.5% (22) (Table 5-1).
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Figure 5-2 Work experience of teachers (years)
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Table 5-1 Subjects taught

Subject (%)
Biology 26.5
33.7
325
Geography . -
Biology = Health education 24
Psychology 1.2
Unknown 3.6
(n=83)
Table 5-2 Familiarity with GIS
(%)
Yes 90.4
No 9.6
(n=83)

Table 5-3 Previous experience in using GIS

(%)

Yes 735

No 26.5
(n=83)

Table 5-4 Experience in using GIS in class

(%)

Yes 62.7

No 37.3
(n=83)
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Unlike in Japan, the Finnish respondents taught geography, biology or
both subjects. Teachers can teach both subjects, because geography and
biology belong in the same subject group and the 2 subjects have a strong
relationship in Finland, and students who want to be geography teachers must

major in geography and minor in biology at university, and vice versa.

5.2.2 Teachers’ knowledge of GIS and experience in its use

About 90% of the teachers (Table 5-2) answered that they were already
familiar with GIS. Many of the respondents had participated in in-service
teacher training workshops organized by the Finnish National Board of
Education (Opetushallitus, hereinafter called FNBE), Finnish universities or
the Union of Biology and Geography Teachers (Biologian ja Maantieteen
Opettajien Liitto ry). Another way of learning about GIS among the
respondents was studying on their own. Some of the teachers had learned
about GIS at university during their Master’s Degree studies. So in both
Finland and Japan, individual study of GIS and participation in in-service
teacher training were the most important and top ranked methods of learning
about GIS.

73.5% of the teachers had some experience in using GIS (Table 5-3) and
62.7% (52) had actually used GIS in classes. In contrast, in response to the
same questions, 26% of Japanese teachers had experience in using GIS and,
as for practical use, 94.4% of them had never used GIS in classes.

The software used by the Finnish teachers was GIS for professional use

such as Maplnfo and ArcGIS and free viewer applications provided by
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Maplinfo or ESRI bundled with textbooks. They used very expensive imported

GIS software and paid-for data.

5.3 Introduction of GIS into Finnish education

The questionnaire survey above was conducted mainly in 2006, about 1
year after the new national core curriculum officially started. Although none
of the teachers had used GIS in class, 90% of them answered that they
already understood the concept of GIS and two-thirds had experience in use
of GIS in classes.

The term “GIS’ first appeared in geography textbooks in Japan in 1995.
Contrarily, in Finland GIS’s first appearance was in the national core
curriculum in 2003 and it took only 2 years to execute the national core
curriculum in August 2005. How was it possible to introduce GIS into classes
in such a short period?

To answer these questions, it is necessary to understand Finnish school
education itself and the positions of geography and GIS in school education
in that country. Here the author explains the school education system and

geography education.

5.3.1 Education system in Finland

The Finnish education system is broadly divided into three phases
(Figure 5-3). The first phase is basic education (Perusopetus) > ). Basic
education starts at age 7. The 9 vyears of basic education comprise

compulsory schooling. Schools that provide basic education are called basic
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schools (Peruskoulu). Most basic schools are separated into primary schools
for grade 1-6 (Ala-aste) and lower secondary schools for grade 7-9 (or
10 2 )) (Ylaaste).

After basic education, upper secondary schools (Lukio) or vocational
schools (Ammatillinen oppilaitos) provide upper secondary education.
Higher education is provided by universities * ) (Yliopisto or Korkeakoulu)
and polytechnics (Ammattikorkeakoulu). After basic education, students
have flexibility in their choice of school and all schools are open to all
generations.

In Finland, most basic schools and upper secondary schools are run under
the authority of the municipality * ) Although the detailed content of
classes is decided by the educational committee organized by each school
consisting of teachers and parents, the curriculum standards themselves have
already been decided by the national core curricula (Opetussuunnitelman
perusteet) issued by FNBE. Three national core curricula are issued for basic
education and upper secondary school. Each curriculum explains the

objectives of each subject and course content.

5.3.2 Position of geography in Finnish education

In Finland, the objectives of education and the lesson hours in school
education are decreed by the Basic Education Act (Perusopetuslaki) ® ’,
General Upper Secondary School Act (Lukiolaki) ® ? and so on

In the Basic Education Act, geography is positioned in the group of

environmental and natural studies which includes environmental study,

164



Table 5-5 Distribution of lesson hours in Finnish basic education

weekly lessons”

grade
Subject 1 2 3 4 5 6 7 8 9 Total
F|r_1n|sh language and 14 14 14 4
literature
Second/ A-language =~ - 8 8 16
foreign
language  B-language 6 6
Mathematics 6 12 14 32
Environmental studies Environmental and natural studies
Biology and geography 9 3 7
31
Physics and chemistry 2 7
Health education 3
Religion or ethics 6 5 11
History and social studies 3 7 10
Music 4— 3—
Visual arts Arts, crafts and physical 4— 4—
education
56
Crafts 26 4— 30 7—
Physical education 8— 10—
Home economics 3 3
Educational and
- - 2 2
vocational guidance
Optional subjects (13) 13

Pupil’s minimum number

19 19 23 23 24 24 30 30 30 222
of lessons

Voluntary A-language ~ —-eeeeee- (6) (6) (12)

* A weekly lesson means 38 lessons per year
—=: The subject is not taught at this grade unless the curriculum states otherwise.
() istaughtas an optional subject.

(Source: Opetushallitus (2004))
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Table 5-6 Distribution of lesson hours in Finnish upper secondary schools

Number of courses”

Subject/ subject group Compulsory Specialized
Finnish language and literature 6 3
A-language, starting in grade
1-6 of compulsory 6 2
education
Languages B-language, starting in grade
7-9 of compulsory 5 2
education
Other language 16
.« Basic syllabus 6 2
Mathematics Advanced syllabus 10 3
. Biology 2 3
Environmental Geography 5 5
and natural A
sciences Physics L !
Chemistry 1 4
Religion or ethics 3 2
Philosophy 1 3
Psychology 1 4
History 4 2
Social studies 2 2
Arts and Physical education 2 3
physical {Music 5 { 1—2 3
education Visual arts 1—2 3
Health education 1 2
Vocational guidance 1 1
Compulsory courses 47—51
Minimum total of specialized courses 10
Applied courses™
Minimum total number of courses 75

* Lesson hours per subject is 38 hours on average.
**  Take one syllabus, basic or advanced.
***  Elective specialized course subject

(Source: Opetushallitus (2003))
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health education, physics, chemistry and biology (Table 5-5).

Also, in the General Upper Secondary School Act, mathematics and
environmental and natural sciences are divided into mathematics and
environmental and natural sciences, and biology, geography, physics and
chemistry are in the latter group (Table 5-6).

In Japan, geography is a social studies subject. In Finland, although
educational content in physical and human geography is included, geography
belongs to the same environmental and natural science group as physics,
chemistry and biology.

Pupils study geography in “Environment and natural studies’ with health
education, physics, chemistry and biology from 1°' to 41 grade and in
‘Biology and geography’ in 5'" and 6'" grade, and then in ‘Geography’ as an
independent subject in basic school (Figure 5-4). As shown in Table 5-5, the
distribution of lesson hours is geography with biology in basic education.

The relationship between geography and biology is not only seen in basic
and upper secondary school education but also in university. As mentioned
above, as university students who want to be geography teachers must also
study biology, the relationship between the 2 subjects is widely recognized
throughout education in this country.

The advantage of geography being in the subject group of environmental
and natural sciences is that students can use their geographical skills and
geographical way of thinking or perspective when they study other scientific
phenomena. Actually, maps are used in physics and chemistry textbooks.

In Finnish education, geography belongs to the natural sciences and has a
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strong connection with biology. This position of geography is a notable

characteristic of education in this country.

5.3.3 Geography education in the new curricula

The new national core curriculum for upper secondary schools was issued
in 2003 and in 2004 for basic education. The new curricula came into effect
in basic education from 2004 to 2006 ' ) and in upper secondary schools
from August 2005.

The following explains the content of geography classes in basic schools
and upper secondary schools as written in the national core curricula.

1) Basic school, grade 1-4: *Environmental and natural studies’

From grade 1-4, there is a subject called ‘Environmental and natural
studies (Ympéristdé- ja luonnontieto).” “Environmental’ in the name of the
subject includes many meanings such as habitat, living environment, natural
environment ® ) and social environment. Also, ‘natural’ is understood to
mean the same as environmental (Lahti 2000). Therefore, this subject is an
integrated subject group comprising the fields of biology, geography, physics,
chemistry and health education. With instruction in the subject relying on an
investigative, problem-oriented approach (Opetushallitus 2004), the pupils
get to know and understand nature and the built environment, themselves and
others, and so on.

There are 2 main objectives in the geographical field. One is learning to
read and draft simple maps and to use an atlas. The other is getting the

students to perceive their home region as a part of Finland and the Nordic
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countries (Table 5-7).

In the 1°' grade, pupils develop spatial cognition and view different
kinds of solid figures from many aspects. In their textbook, a bird’s-eye view
of a town appears, so pupils know what a town looks like from above.

In 2" grade, there is a unit dealing with maps. Pupils learn the definition
of a map and compare a bird’s-eye view of a town with a map of the same area
(Figure 5-5). At this time, the map is explained as a “small representation of
an area which has been reduced in size, as seen from above (Nuutinen et al.
2005b).” Also, they study different scale maps ranging from their own room
to the earth.

In 3" grade, the definition of a map is expanded to “on the map there are
explanations using colors and symbols (Honkanen et al. 2006)” besides the
definition explained in 2"% grade. In the textbook, an aerial photograph and
map on a scale of 1 to 20,000 ° ) are introduced and students learn how to
make maps, read maps and use the compass. It follows that pupils come to be
able to identify what is drawn on the map with the neighborhood where they
live. Also, through working with maps, they come to realize the
characteristics of Finland with its many lakes and unique landscape and learn
how the land in their country is shaped.

In 4" grade, pupils learn about latitude and longitude, migration, the
landscape in Nordic countries, vegetation, agriculture, fisheries, energy and
diversity of languages through maps. Also, they study the basic data of
countries (Honkanen et al. 2005).

In the ‘environmental and natural studies’ textbooks at each grade, many
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Table 5-7 Objectives in geography and related courses in the Finnish national core curriculum

Basic education

Upper secondary
school

Environmental and natural
studies
(Grades 1-4)

e learn to act safely, so as to
protect themselves in their
environment, and to follow
instructions at school, in
the immediate
environment, and in traffic

o get to know the natural and
built environments in their
neighborhood, to observe
the changes happening
therein, and to perceive
their home region as a part
of Finland and the Nordic
countries

e learn to obtain information
about nature and the
environment by observing,
investigating, and using a
variety of source materials

e learn to make observations
using the different senses
and simple research tools,
and to describe, compare,
and classify their
observations

e learn to perform simple
scientific experiments

e learn to read and draft
simple maps, and to use an
atlas

. learn to represent
information  about  the
environment and its
phenomena by different
means

e learn to use the concepts by
which the environment and
the phenomena  and
subjects embraced by those
concepts are described and
explained

e learn to protect nature and
to save natural resources

e learn to develop their
psychological and physical
self-knowledge, respect for
themselves as individuals,
respect for others, and
social skills

e learn concepts, vocabulary,
and procedures relevant to
health, disease, and the
promotion of health, and
learn to make choices that
promote health

Biology and geography

(Grades 5-6)

get to know about species,
their structure and life, and
their adaptation to their
living environments

learn to perceive a
population as a whole and
to classify organisms
learn to move about in the
natural environment and
observe and investigate
nature outdoors
come to understand that
people depend on the rest
of nature in their food
production

develop their

environmental literacy, act
in an environmentally
friendly way, care for their
local environment, and
protect nature
know the basic facts about
the human anatomy and
vital functions

respect growth and
development as  each
individual’s personal
process, recognize the
identifying characteristics
of puberty, and understand
human sexuality
ponder questions bearing
on growth, development,
human  diversity, and
social interaction
take responsibility for their
own actions and take other
people into consideration
draw and interpret maps,
and use statistics,
diagrams, pictures, and

electronic messages as
sources of geographic
information

perceive a map of the
world and know its main
nomenclature

understand the dependence
of human activity on the
possibilities  that  the
environment offers on
earth

familiarize  themselves
with Europe’s geography
and the world’s other
regions and learn to
appreciate and take a
positive attitude towards
other countries and their
peoples and cultures

Geography

(Grades 7-9)

e learn to use and interpret
physical and thematic
maps and to use other
sources of geographic
information, such  as
diagrams, statistics,
literature, news sources,
electronic messages, and

photographs, including
aerial and satellite
photographs

e learn to determine the
location of regions and the
distances between places

e come to understand the
effects of planetary events
on the earth

e come to understand the
effect on the landscape of
factors that reshape the
earth’s surface

e come to understand the
interaction between natural
and human activity in
Finland, elsewhere in
Europe, and elsewhere in
the world; they will come
to know the reasons that
guide the location of
human functions

e learn to recognize the
features  of  different
cultures and to take a
positive stance towards
foreign countries, their
peoples, and
representatives of various
cultures

e come to know and value
Finland’s natural and built
environments; they will
learn to perceive their own
regional identity

e know how every citizen in
Finland can have an
impact on the planning and
development of his or her
living environment

e understand and evaluate
critically news information
on such issues as global
environmental and
development  questions,
and learn to act in
accordance with
sustainable  development
themselves

Geography

o be able to acquire,

interpret and
critically assess
geographical
information, such as
maps, statistics and
printed, digital and
other media sources,
and know how to
make diverse use of
information
technology to
present geographical
information

o understand the

meanings of
spatiality, space and
place in geography
and geographic
thinking

o be able to describe

regional phenomena,
structure and
interdependencies of
nature and human
activity and to assess
current word events
critically

 be able to observe,

analyse and assess
the state of nature
and built
environments,
changes occurring in
these and human
well-being both
locally and globally

o understand the

meaning of regional
development and be
able to consider
different
opportunities to
resolve problems of
economic and social
inequality

o be familiar with and

understand different
cultures and tolerate
and appreciate
diversity

 be able to function as

citizens of the world
taking a justified
stance on issues
concerning the
surrounding world
and acting positively
towards sustainable
development

(Source: Opetushallitus 2003, 2004)
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Figure 5-5 Textbooks for “environmental and natural studies™ in Finnish basic
schools
(Nuutinen et al. 2005a, 2005b and Honkanen et al. 2006)
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maps are used. In the unit on geography with biology, physics and chemistry,
fieldwork using maps is introduced.

Pupils who have studied different scales and kinds of maps can
understand the position of the place where they live and the relationship
between that place and other places, even as the study area is expanded from
neighborhood to province, country, the Nordic countries and Europe.

As for map skills, units in this subject are designed as follows. As the
first step, pupils study the definition of a map and how to make a map. The
second step is understanding the functions and characteristics of the map.
And then they master how to use and interpret maps. This is because map
literacy is considered an important skill that fosters the ability to solve
problems from multiple points of view. Therefore, the educational content
stresses acquiring such skills and this idea is reflected in the content of
classes and textbooks.

2) Basic school, grade 5-6: ‘Biology and geography’

In grades 5 and 6, ‘environmental and natural studies’ is divided into
‘Biology and geography’ and ‘Physics and chemistry.” Geography education
in ‘Biology and geography’ deals with various regions in the world to
develop pupils’ conception of the world from Finland to the whole of Europe
and the rest of the world.

The objectives of the subject include map study. In addition to drawing
and interpreting maps, pupils use statistics, diagrams, pictures and
electronic messages as sources of geographic information, perceive a map of

the world and know its main nomenclature.
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The core content of the geography field is map skills, together with maps,
climate, vegetation and human activities of Europe, the diversity of human
life and the interaction of nature and human activities in the world.

Here map skills means that pupils know how to use an atlas, make use of
the map symbols and scale when reading a map, know how to interpret
various maps, statistics, diagrams and pictures, and in addition, know how to
draw simple maps and diagrams by themselves (Opetushallitus 2004).

In Finland, pupils have already learned about Finland and the Nordic
countries by the fourth grade, so they study the geography of Europe and
other regions of the world. In the textbooks, there are many thematic maps on
climate vegetation distribution, agriculture and industry in Europe, Africa,
the Middle East and the rest of the world. Through these maps, they learn the
characteristics of each area and consider the factors that produced them.

3) Basic school, grade 7-9: ‘Geography’

From the 7'" grade, that is, lower secondary school, geography becomes
an independent subject. In Finland, geography is a compulsory subject which
all students must study during the basic school years (Butt et al. 2006).

The national core curriculum says that instruction in geography in these
grades “must serve as a bridge between natural-science and social-science
thinking” (Opetushallitus 2004). During these three years, students acquire
the ability to examine the natural, built and social environments, and
interaction between people and the environment at local to global level. Then,
they consider the cause-and-effect relationship of the natural-science,

cultural, social and economic phenomena that occur in the world from many
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aspects.

The objectives are to learn to use and interpret physical and thematic
maps and to use other sources of geographic information, such as diagrams,
statistics, news sources, and aerial and satellite photographs. Moreover,
students come to understand the earth as a planet, understand
geomorphological processes and interaction between nature and human
activities in Finland, Europe and the world, and come to recognize diversity
in the world and so on. The study content on map literacy shifts to
enhancement and utilization of the skills which students have already
acquired.

The term ‘GIS’ does not appear in the national core curriculum for basic
education, but some of the objectives mentioned appear to be related to GIS,
such as use of statistics and visualization of geographic information with the
aid of maps and drawings. Furthermore, learning the basic concepts of GIS is
included in classes.

In the textbooks for the 3 years from grade 7 to 9, units on GIS (Paikka-
tietojarjestelmat) *° ) appear, and students acquire the knowledge, skills and
perspective to use GIS (Table 5-8). They learn the concepts and structure of
GIS, database and coordinates, and review their map skills so far (Figure
5-6).

The author interviewed a geography teacher at the Viikki Teacher
Training School, University of Helsinki (Helsingin yliopiston Viikin
normaalikoulu). In class, the teacher gave the students an assignment to

research a country that they were interested in. Each student collected data
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Table 5-8 Content of maps and GIS in geography in Finnish lower secondary school

Global environment (71" grade)

Travel to Europe (8" grade)

Destination: Finland (9" grade)

Basic cartography

Map projection

Scale

Map symbols and colors
Geographic information and
GIs

Satellite and aerial photo images
Thematic maps

Concept of GIS

Geographic (positioning)
information and map

Survey with the Internet

Reading a topographic map
Scale, directions, map symbols,
coordinates

Various maps

Neighborhood survey

(Source: Cantell et al
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on the country, manually created many kinds of thematic maps using the data
and produced a report. The purpose of the task was for the students to
acquire the concept of ‘positioning information (paikkatieto)” whereby every
place (paikka) has attribute data (tieto). The teacher said the experience of
collecting data and drawing maps by hand helped students to understand the
idea of GIS visualization of data on a map. However, GIS software was not
used in this assignment or in class. The reason for this was that, if GIS were
introduced, students would concentrate on operating the software and might
miss the core idea of GIS.

Actually, there is no mention of operation of GIS software in the national
core curriculum. Teachers understand that it is important for students to
acquire the concept of ‘positioning information’ at lower secondary school
level.

Such geographical skills and perspective as above taught in these grades
seem to be a prelude to geography in upper secondary school, including the
introduction of GIS.

4) Upper secondary school: *Geography’
a) Geography as science: courses and objectives

In basic education, geography (maantieto) is “knowledge (tieto) of the
earth, country and land (maa)”. But in upper secondary school, knowledge
changes to science (tiede) and the name becomes geography (maantiede).
Geography education in upper secondary school helps students to understand
global, regional and local phenomena and problems and potential solutions to

such problems (Opetushallitus 2003).
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The objective of this subject is to learn to use geographical knowledge to
perceive factors that influence the changing world and form justified
opinions, take a stance on changes in local areas and in the world as a whole
and actively contribute to the promotion of the well-being of nature and
human beings. As shown in Table 5-7, the concrete objectives regarding
skills relevant to using GIS are to acquire, interpret and critically assess
geographical information, such as maps, statistics and printed, digital and
other media sources, and know how to make diverse use of information
technology to present geographical information and to understand the
meanings of spatiality, space and place in geography and geographic thinking
(Opetushallitus 2003).

There are 4 courses in geography in upper secondary school. Two courses
are compulsory: “The blue planet (Sininen Planeetta) (GE1)” and “A common
world (Yhteinen maailma) (GE2).” The former is physical geography and the
latter is cultural (human) geography ** ). The other 2 courses are specialized
elective courses (Syventdva kurssi). One is “A world of hazards (Risken
maailma) (GE3)” and the other is “Regional studies (Aluetutkimus) (GE4).”
In the course on physical geography named “The blue planet,” students learn
about the planetary nature of the earth, atmosphere, hydrosphere, weather
and climate, topography and vegetation. Although this core content seems to
be similar to earth science, the subject is geography *2 ) and it starts with
understanding geography as a natural science, geographical knowledge
content, research methods and the research process. Students master the

interpretation of natural landscapes using maps and images in this subject.
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Table 5-9 Objectives of geography course in Finnish upper secondary school

Compulsory courses

Specialization courses

GEL1 : The blue planet

GE2 : A common world
Cultural (Human)

GE3 : A world of hazards

GE4 : Regional studies

Physical geography geography Hazard geography GIS
e be able to use the basic * know how to use the o be familiar with hazards e command the basics of
concepts of physical concepts of cultural related to natural phenomena, cartography

geography

o understand the
phenomena arising from
the planetary nature of the
globe

e be able to describe the
structures and functions
of the atmosphere,
hydrosphere and
lithosphere

e understand how and
why natural landscapes
change and know how to
interpret the structures,
origins and development
of natural landscapes
using images and maps

o understand the zonality of
living and lifeless nature
on the globe

e know how to apply the
physiogeographical
information that they
have acquired both
locally and globally

geography and to interpret
phenomena and structures
related to human activity,
making use of the theories
and models of cultural
geography

be familiar with different
cultures and be able to
assess factors that have
contributed to their
development

be able to analyse
population trends and
settlement characteristics in
different regions of the
world and the causes and
effects of urbanisation

be able to assess the effects
of opportunities provided
by natural resources and the
environment on human
activity in different regions
and understand the
significance of ecologically
and economically
sustainable development
be familiar with the
objectives of regional
planning and its means to
influence

be familiar with the
different manifestations of
differences in development;
be able to assess people’s
well-being, the state of the
environment and culturally
and socially sustainable
development today and in
the future in the different
regions of the world

human activity and
interaction between human
beings and nature on the
globe and be able to assess
the significance of these to
the people and the
environment

be familiar with the types of
hazards occurring in different
areas of the globe and be able
to compare and assess the
susceptibility of different
areas to global and local
hazards

be able to assess the
relationship between the
development stages of and
hazards occurring in different
areas

be able to follow and
critically assess current news
of hazards in different media
and know how to apply the
knowledge they have learnt to
analysis and assessment of
such news

be aware of the types of
solutions that may be
employed to avoid threats or
mitigate their effects
understand that human
activity affects the viability of
the globe and the safety and
well-being of people

be aware of opportunities to
anticipate and prepare for
hazards, control conflicts and
act in accordance with
sustainable development

 be familiar with the
principles and
applications of GIS
 be able to collect
information related to a
certain area using
various means, such as
field observations,
questionnaire surveys
or interviews and
atlases, maps, statistics
and other sources
know how to use
information network
for the acquisition and
interactive editing of
material and in the
publication results
know how to visualise
geographical
information in the form
of maps, diagrams and
photographs
be able to analyse and
interpret the material
that they have acquired
and, based on this,
prepare a description of
the area in question
command the principles
of scientific writing,
such as critical use of
sources and referencing
techniques, and be
familiar with
copyrights
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In the other compulsory course, “A common world”, students learn to
understand population, settlements, natural resources, industries, regional
structure and so on through a cultural (human) geographical approach and
consider sustainable development. Students learn the approaches and
perspectives of cultural (human) geography, geographical perception and
perception of places. Of course, interpretation of cultural landscapes using
maps and pictures is included in the core content.

As seen above, all compulsory geography lessons introduce a study unit
to acquire skills to interpret maps and geographic information (Table 5-9).

“A world of hazard” is a specialized course in hazard geography. In the
course, students learn the classification and significance of hazards and
consider preparation or prevention of many different hazards. Types of
hazards here include natural, human, environmental related to human beings
and nature and technological. The course focuses on the role of this subject
as a bridge between nature and social sciences. The course outside the
framework of geography is that students can practice applying their acquired
skills and knowledge to analyze and understand various phenomena in the
world.

b) Specialized GIS course: “Regional studies”

The other specialized course, “Regional studies,” enables students to
learn about GIS and conduct field research using their knowledge and skills.

This subject is broadly divided into 3 phases. The first step is to study
the basics of cartography, methods of regional survey and acquisition and

utilization of geographic information. Students acquire the basic knowledge
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1) Explanation of the interface of GIS 2) Explanation of the concept of a

application (ESRI’s Arc Explorer) database
3) Examples of maps made by GIS 4) Another example of maps made by GIS
application application

Figure 5-7 Images from a regional studies textbook (GE4) for upper secondary school in Finland
(Léytonen et al. 2003 and Fabritius et al. 2006)
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