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Abstract

In the last decade, although applying Geographic Information Systems (GIS) in K-12
classrooms has become a general agreement among many countries, the growing is still far from
wide spreading. In Taiwan, as the new National Geography Curriculum of Senior High School is
going to be carried out in 2010, the K-10 grade students are compulsory to learn the fundamental
GIS concepts and software operation within 5 to 6 classes. Therefore it’s relevant to develop an
approach for students to learn about and learn with GIS effectively. Recently, the student-centered
learning has become a new learning paradigm. By integrating adaptive learning with Internet
technology, an adaptive e-learning system can personalize learning approach, which may help
students to learn about and learn with GIS effectively and efficiently. The aim of this research is
to develop such a Web-based adaptive GIS learning system, particularly for the senior high
school GIS curricula. Before the implementation of this learning system, it is necessary to
conduct a national survey of GIS education in Taiwan high schools in order to define the system
requirements. That is what we have done for the first year of our 3-year study. The results of the
survey show that most teachers already developed the awareness of GIS. However, as for the GIS
skills and attitude, we found the confidence of GIS seed teachers, who are intensively trained and
supported by MOE, is significantly higher than that of general teachers. Regarding the
functionality of GIS software, teachers prefer the higher order functions, such as buffer and
overlay to basic functions, such as query and editing. This phenomenon reflects why teachers are
still eager to purchase commercial GIS software even though there are so many free Web GIS
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available. Besides, we found that the GIS awareness of Taiwan high school teachers is
significantly higher than the teachers of other countries. However, most high school teachers in
Taiwan adopt didactic and catechetical instruction to teach GIS due to the limited class hours.

These kinds of pedagogies might be ineffective in teaching GIS for problem-solving.

Keywords: geographical information systems, geographical education, adaptive-learning system
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GIS EDUCATION IN THE SENIOR HIGH SCHOOLS OF TAIWAN
RESULTS OF A NATIONAL SURVEY OF GEOGRAPHY TEACHERS

Che-Ming CHEN!, Yao-Hui WANG?

ABSTRACT

Geotechnology along with biotechnology and nanotechnology have been identified as the three fastest growing career
areas over the next decade. Taiwanese government understands an effective education system providing high quality
human resources in these areas is the key to ensure a favorable environment for the nation’s sustainable development.
The Ministry of Education (MOE) introduced GIS to the geography curriculum standard of senior high school in 1995
and conducted the “GIS seed schools” project on an annual basis since 2002. The MOE pools resources in these GIS
seed schools and expects them to become the centers of innovation. Although enormous funds had been invested in the
decade, the actual situation of implementation is still unclear. The aim of this study is to investigate the status of GIS
education in senior high schools of Taiwan. A nationwide survey of 362 geography teachers including 27 teachers from
the GIS seed schools and 335 teachers from the non-seed schools around the country was conducted in the end of 2009.
The results indicate that the seed of GIS has taken root in the geography discipline of senior high schools as a whole, but
the implementation strategy also created a gap between the seed schools and the others.

Keywords: GIS Education, GIS Literacy, Geographical Education, National Sutrvey

1. INTRODUCTION

According to a 2004 US Labor Department research report, geotechnology along with biotechnology and
nanotechnology will become the three fastest growing career areas in the fifteen years ahead. Until now, by
emerging with other technologies, Geographical Information Systems (GIS) have become accessible to
numerous occasions such as flood management and urban planning. More recently, the use of web services
and cloud computing have become emerging trends within the industry (ARC Advisory group, 2009). The
accessibility of GIS increases tremendously. It could not only be used by the specialists but also the public.
The geospatial market is expected to expand between $60 and $100 billion throughout the next 10 years
(Cotle, 2004).

Taiwanese government also recognizes the importance of geotechnology industry and understands an
effective education system providing high quality human resources in these areas is the key to ensure a
favorable environment for the nation’s sustainable development. Since 1995, The Taiwanese Ministry of
Education (MOE) had introduced GIS to the geography curriculum standard of senior high school. Until now,
all the senior high schools students in Taiwan are compulsorily to learn GIS. Although GIS has been
promoted in Taiwanese senior high schools for more than one decade, there have only two studies been
conducted on the implementation level. In 1999, Ho and Ding (1999) examined high school geography
teachers’ ability of geotechnology and found that although most teachers (72%) had experience on using

computer, they (70.8%) were unfamiliar with the manipulation of GIS software. Wang (2001) also found

1 National Taiwan Normal University, Department of Geography, Taiwan, jeremy@ntnu.edu.tw
2 National Taiwan Normal University, Department of Geography, Taiwan, linkgis@gmail.com
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geography teachers of senior high schools were not confident on teaching GIS at that time. It is significantly
both the studies were conducted quite long time ago. As the remarkable promoting effort during the recent

yeat, it is impossible to represent the actual situation of GIS implementation by the two studies.

In light of such concern, the aim of this paper is to investigate the status of GIS education in senior high
schools of Taiwan. More specifically, this study was undertaken in order to figure out (a) what are the GIS
awareness, proficiency and attitude of Taiwanese geography teachers. (b) What is the pedagogy, which
teachers conduct in teaching GIS (c) what are the constraints that hinder the implementation of GIS teaching?

By this survey, we hope some insights may be given for the GIS promoting in K-12 education.

2. THE PROMOTION OF GIS EDUCATION IN TAIWAN

GIS education was supported adequately in several respects in Taiwan. Firstly, in teachers’ training and
GIS-based lessons supporting, the Ministry of Education (MOE) proposed two projects to prepate teachers
for teaching GIS since 2002. Both projects were conducted by the geography department of National Taiwan
University. The first project invited geography teachers of senior high schools to develop 16 GIS lesson plans
covering physical geography and human geography. The results were shareable in a website and demonstrated
at 3 workshops (Lay and Yu, 2004). There were 200 senior high school geography teachers, about one-seventh
of the total in Taiwan, attended these workshops. The second project, as part of the National
Socio-Economic Development Plan, 36 “seed schools” was selected to promote GIS in senior high schools.
The MOE provided each school GIS training programs, one package of GIS software (i.e. ArcView), and
spatial data CDs. The geography teachers of these schools were obligated to attend teacher workshops (40
hours), assign students to attend a GIS camp (3 days, 5 students for each school), organize a GIS task force
and a student GIS club, conduct a campus or community field survey to collect geographic data, and help
students to join the GIS national competition (Lay and Chiu, 2003). After the obligated work, those schools
are supposed to share the results by organizing other workshops. Since 2002, the MOE continues the project
of GIS seed schools on an annual basis. Every year more than 300 teachers attend the GIS workshops. The
attendants of the workshops have accumulated more than 1,000 teachers by 2009, about two-third of all

geography teachers of senior high schools in the country.

The GIS national competition started from 2005 also drew the attention of geography teachers and students.
It includes GIS lesson plan contest for teachers and GIS mapping/thesis contest for students. Both the
workshops and contests provide considerable quantities of material for teachers to teach about and teach with

GIS.

Secondly, in hardware and software supporting, the MOE invested in more resources since 2006. For
example, each seed school was provided with a GIS computer lab including 40 PCs and the GIS software (i.c.
the Lab Kit Licenses of ArcGIS). Beside the seed schools, regular schools also can obtain desktop GIS
softwate by other funding. By the end of 2009, there are already one fourth of senior high schools in Taiwan

already gaining desktop GIS software (i.e. ArcGIS).

Thirdly, in the curriculum integration, GIS has been added to Taiwanese national curriculum standard of
senior high school geography since 1995. In the 1995 standard, GIS was introduced at Grade 12 in the applied

geography course that is only for students majoring in social science to major in. The standard was later
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revised in 2006 and 2010. There are two main revisions in the new standard. Firstly, all the senior high school
students are compulsorily to learn the framework of GIS and the potential application in the daily life in grade
10 since 2006. In the standard 2006 and 2010, teachers are also suggested to offer 1 or 2 hours for students to
manipulate GIS software such as ArcGIS, Google Earth, or other web-based GIS. The second major revision
was intensively introducing GIS to the applied geography course at Grade 12. Students should be able to
understand how GIS is applied for national land planning, disease monitoring, flood forecasting, and debris
flow monitoring. In term of GIS education, standard 2006 and 2010 do not only emphasize on learning about

GIS but also learning with GIS.

3. RESEARCH METHODS

A questionnaire survey was carried out to identify the implementation levels of GIS education in Taiwanese

senior high schools in late 2009. The research was conducted as following:
3.1. Design of the Survey Instrument

Until now several national surveys in GIS education had been done. In this study, six national survey were
selected to be the design templates, including United States of America, New Zealand, Singapore, Hong Kong,
Finland and Japan (Kerski, 2001; Olsen, 2002; Yap, et al., 2008; Lam, et al., 2009; Minori, 2009). The
questionnaire included six categories of questions, including the basic data of geography teachers, the GIS
literacy of geography teachers, the preference of GIS software, the opinion to the national geography standard
reform, the constraints of implementing GIS teaching and pedagogy for GIS teaching. Five experts including
3 seed teachers and 2 University GIS lecturers were invited to review the questionnaire and a pilot test with 36

participants was run in order to achieve the validity and reliability.
3.2 Sampling Design and the Return of Questionnaire

The target population of the research is all geography teachers in Taiwanese senior high schools. According to
the statistic data from Center Region Office, Ministry of Education, there are 1507 senior high school
geography teachers in Taiwan. Among them, there are 155 teachers in GIS seed schools and 1352 in regular
schools. In order to coincide with the reality, the sampling of this survey is in hybrid design. The seed teachers
and regular school teachers were stratified into two groups. For seed schools, questionnaires were sent to the
leader teachers who administrate the seed schools project. Therefore, only 35 questionnaires were sent to
those schools by mail. For regular schools, they are sub-stratified into 5 groups by geographical region.
Systematic sampling was conducted in the following stage. All the schools in each regional group were listed
from more to less by each school’s student amount in order to decide how many questionnaires should be sent
to the schools. Beside the pilot test schools, all the schools were sent at least one questionnaire. The quantity
of questionnaire for each school ranges from 5 to 1. From December 2009 to January 2010, a total of 382 of
911 questionnaires were returned, yielding a 42% response rate. Among the 382 surveys, 20 were discarded
because of incompletion. Therefore, 362 surveys were analyzed. In 95% confidence level, the margin of error

in this survey is 4.5%.

4. FINDINGS

In this survey, the general situation of GIS education in high school including the GIS literacy of teachers,
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software preference, pedagogy for GIS unit and the battiers to prevent the implementation were represented
as the first section. The differences between the seed teachers and regular teachers were also given as the

following section:
4.1. The General Situation of GIS Education in Taiwanese Senior High Schools
4.1.1. The GIS Literacy of Teachers

For Taiwanese geography teachers, they can learn GIS from multiple resources. The survey results showed
that although teachers may acquire their GIS specialty by attending university or postgraduate courses,
workshop is the main source contributed to their GIS training. Most of the teachers (84%) agree that
workshops are the most important resource of their GIS literacy. The fact echoes to the promoting policy of

Taiwanese MOE as noted eatlier.

In GIS awareness, almost all the teachers (99%) feel very confident about teaching about GIS. Even 96% of
Taiwanese geography teachers know the data characteristics of raster format and vector format. However,
being familiar with GIS necessarily doesn’t mean that the teachers are able to use any kind of GIS. There are
only 48% teachers believing that they can teach students how to manipulate GIS software. In attitude aspect,
there are only 34% teachers have confidence on their GIS ability. In general, Taiwanese senior high school
geography teachers have very high level on GIS awareness, which means they do know how to teach about
GIS. However, due to the low confidence on GIS software manipulation, teachers’ GIS skill and attitude still

need to be improved in order to help them to teach with GIS.
4.1.2. GIS Software Preference

In this study, we supposed teachers would have different perspective on teachers’ computer and students’
computer. For teachers’ computers, Google Earth (84%) and Google Map (52%) are the most popular
software due to their free of cost and easy use. In addition, ArcGIS (31%) is the thirdly popular and the most
demanding commercial software. For the students’ computers, Google Earth (89%) is still the first option, and
ArcGIS (52%) become the secondly popular. That is because in the previous workshops, ArcGIS is the main
software package for teachers to manipulate. Therefore, those teachers have more chance to familiar with this

software.

In the considering element of GIS software choosing, 82% teachers believe that Human Computer Interface
(HCI) should be the most important one. That is why the teachers’ first choice is Google Earth. However,
69% teachers also claim the Chinese medium for the software is another important issue. It can help students

to learn GIS more easily.
4.1.3. Pedagogy for GIS Unit

Many researchers insist that GIS education could only be implemented successfully with non-traditional
instruction (Kerski, 2000 ; Bednarz, 2001). However, many Asian researches found, the non-traditional
instruction, such as problem-based learning and cooperative learning are very hard to be implemented in a
credentialism context (Yap et. al, 2008; Lam et. al, 2009; Minori, 2009). Like other Asian countries, Taiwan is
also a country with strong emphasis on assessment. In this survey, there is less surprised to find that 93% of
the teachers choose didactic and catechetical instruction as their first option when they teach about GIS.
When preparing with GIS lesson, although several resources could be referenced, the publishers” CD is the
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first choice. In general, the CD only contains animation and slides for teachers. Teachers can just insert the

CD into their computers and lecture without using any GIS software which do save the lecture time.
4.1.4. Barriers to GIS Implementation

In the section, teachers were asked to indicate on a Likert scale of 1-5 (1=strongly disagree; 5=strongly agree)
the extent to which the barriers have discouraged them from implementating GIS education. The average
score of each question was presented in Figure 1. Obviously, the most two major barriers to prevent GIS
Implementation are limited class hours (4.4) and costly software (4.2). For the costly software, that means
although there are some many free GIS software, teachers still believe they need purchase the software with
spatial analysis modules. For the limited class hours, the national standard suggest it should take 5 hours on
the GIS unit. However, 80% teachers still use less than 4 houts to teach GIS unit. That is because the teachers
have to take more hours on other units, such as Climatology and Geomorphology. It does make teachers to

reschedule their teaching plan and reduce the lecture hours of GIS unit.

Different informational literacy among students
Lack of geographic skills among students.
Lack of lesson plan

Lack of digital data

Lack of GIS training for teachers

Little administrative support

Limited class hours

Computers are not capable of handling GIS
Computers are not accessible to the students
Lack of suitable GIS software

Costly software

Complexity of software

—_
-2
LS

Figure 1: Perceived Barriers on GIS Implementation

4.2. The Differences between the Seed Teachers and Regular Teachers

As been supposed to be the pioneers of high school GIS education, the seed teachers have more
opportunities to participate workshops and are supported more budget to purchase hardware and software.
The analysis was made to determine whether seed teachers have higher GIS literacy than regular teachers and

less barriers to implement GIS education.
4.2.1. The Differences in GIS Literacy

In GIS literacy, teachers were asked to indicate on a Likert scale of 1—4 (1=strongly agree; 4=strongly disagree)
the extent of their GIS awareness, skill and attitude. Wilcoxon rank-sum tests were run to determine the

difference between seed teachers and regular teachers. The null hypothesis is that the two groups are
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equivalent. The alternative hypothesis is that the seed teachers have higher GIS literacy than regular teachers.

In awareness aspect (see Table 1), there is no significant difference between seed teachers and regular teachers
in awareness aspect. However, in skill aspect (see Table 2), the situation is very different. The seed teachers’
GIS skills are significantly higher than regular teachers, especially on teaching students how to manipulate GIS
and assist students to conduct GIS projects software. Finally in attitude aspect (see Table 3), although both
seed teachers and regular teachers believe that GIS is essential for teaching geography, the seed teachers are
more active on learning and teaching GIS. In addition, the seed teachers have more confidence on helping

students to conduct GIS project.

Table 1: Differences between the Seed Teachers and Regular Teachers in GIS Awareness

Variables General Schools Seed Schools Wilcoxon
n=335 n=27 rank-sum test
Mean Mean P Value
I can teach about GIS 1.7 1.5 126
GIS
Awareness |k can recognize the difference of 1.7 1.6 321
geographical data and
non-geographical data
I know the characteristics of grid 1.6 1.5 240
format data and vector format
I know what GIS could be applied 1.7 1.7 470
1 know which course could be taught 1.9 2.0 317
with GIS
I know where to download GIS data 2.2 2.0 .091
Table 2: Differences between the Seed Teachers and Regular Teachers in GIS Skill
'Variables General Schools Seed Schools Wilcoxon
n=335 n=27| rank-sum test
Mean Mean P Value
GIS I can use GIS to store, manage 2.2 2.0 .042*
Skill and analyze data
I know where to download GIS 2.0 2.0 202
lessons
I can edit GIS lesson by myself 2.5 2.1 .002%*
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I can teach students how to 2.5 2.0 .000*
manipulate GIS software
I am able to evaluate students’ 2.5 2.1 .001*
learning result on GIS
I can assist students to conduct 2.6 2.2 .000*
GIS projects
I can teach with GIS 2.5 2.2 .018%*
Table 3: Differences between the Seed Teachers and Regular Teachers in GIS Attitude
'Variables General Schools Seed Schools Wilcoxon
n=335 n=27| rank-sum test
Mean Mean P Value
I think GIS is essential for 2.0 2.1 391
teaching geography
I think it is easy to manipulate 2.7 2.4 .021*
GIS software
I am confident on my GIS 2.8 2.3 .002%*
ability
I am interested in learning GIS 2.2 1.9 .025%*
GIS 1 am anxious about learning GIS 2.6 2.8 .037*
Attitude I am confident on teaching 2.8 2.4 .008*
students to manipulate GIS
software
I am confident on assisting 2.8 2.4 .002*
students to conduct GIS
projects
I am interested in assisting 2.4 2.0 .001*
students to conduct GIS
projects
1 am anxious about assisting 2.5 2.8 .012%*
students to conduct GIS
projects

4.2.2. The Difference in Barriers to GIS Implementation

In this section, a Likert scale of 1-5 (1=strongly disagree; 5=strongly agree) was set to indicate teachers’
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perspective barriers on implementing GIS education. Wilcoxon rank-sum tests were run to determine the
difference between seed teachers and regular teachers. The null hypothesis is that the two groups are
equivalent. The alternative hypothesis is that the seed school teachers have less battiers on implementing GIS

education than regular teachers.

There are only two variables are significant, which are the costly software and limited class hours. That means

seed teachers have less barriers than regular teachers on implementing GIS education.

5. DISSCUSSION
5.1. Fragmentary GIS Literacy of Teachers and Students

In a centralized education system, Taiwanese geography teachers ate stipulated to teach GIS in the regular
class session. However, owing to practical consideration, teachers didn’t follow the suggestion of national
curriculum standard completely. Teachers do recognize it is important to teaching GIS. They also admit that
students would not be able to really know how to use GIS if they still teach in traditional pedagogy. However,
no matter he or she is seed teacher, the overcrowd setting of the curriculum and costly software oblige
teachers to choose didactic and catechetical instruction without any manipulation when they teach about GIS
in the regular class session. For most Taiwanese senior high school students, they only know what GIS is but

do not know how to use GIS.

Fortunately, beside the regular class session, students have the chance to learn how to use GIS by participating
geography national competitions, such as Geography Olympiad game and GIS national competition. By
checking the excellent works of those students, we believe they had known how to use GIS. Nevertheless, it is
undeniable that there are only some students can join the competition. Most Taiwanese students still need the

chance to learn how to really use GIS.
5.2. What Kind of GIS Software Is Suitable for Taiwanese GIS Education

Most schools are well equipped with computers in Taiwan. That is why it is not surprised that the shortage or
dissatisfaction of school computer equipment is not a key barrier to implement GIS teaching in Taiwan. It
also reveals that teachers appreciate the spatial analysis function of commercial GIS software in order to
achieve the specification of national curriculum standard. It is unquestionable that seed teachers have more
confidence in their GIS skills and more positive attitude to teach students how to use GIS. However the steep
learning curve of be familiar with commercial GIS program and the costly price of purchasing software
suggest it will be tremendous charging in time and budget if Taiwan still insist present promoting strategy .
Baker (2005) and Kerski (2007) argue that WebGIS has numerous advantages including the lower pricing and
easier usage than Desktop GIS when it is applied in GIS education. With the rapid development of internet,
WebGIS is speedily expanded in functionality and usage. It could not only be designed as a mapping site but
also a spatial analysis tool. For example, Lai (2009) uses Google Earth API to build up a WebGIS for
Taiwanese senior high school students. The results show the website does enhance students’ study motivation
and students are willing to accept e-learning model of GIS. However, it should be reminded that the website
does not have the same analytical power as a desktop GIS. The spatial analytical functionality still needs to be
added in order to achieve the specification of National Curriculum Standard. Therefore, for Taiwanese GIS

education promoting, it is essential to develop a WebGIS including spatial analysis function in the near future.
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6. CONCLUSION

In this survey, we found that Taiwan have reached significant improvement in high school GIS education than
one decade ago. By the holding of numerous workshops, teachers” GIS literacy increase notably. However, we
have to admit that teachers’ GIS literacy is inhomogeneous. Most of the teachers have tremendous awareness
in GIS, but they have no confidence on their GIS skills and unable to help students to conduct GIS project.
Due to the previous promoting strategy, seed teachers have been significant supported on both software and
hardware. Undoubtedly, the seed teachers have more confidence on their GIS skills and positive attitude to
help students to carry out GIS project. But we also found that it would be tremendously costly in time and
budget if we still persist in temporary promoting strategy. WebGIS may offer us an economized but applicable
approach. As the high demand of spatial analytical functionality, it is essential to develop a WebGIS including

spatial analysis function for Taiwanese senior high school students.
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