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Abstract 
This presentation is relevant to the theme of re-imagining education for the 21st century to study the 
process of integrating GIS technology in the teacher preparation curriculum. The report from the U.S. 
National Research Council (NRC) emphasizes the importance of developing spatial skills through the 
teaching and learning of Geographical Information Systems (GIS). GIS is a type of Information and 
Communications Technology, and its applications has been widely used in several government and 
private organizations; however, its emergence in a school or a classroom environment is still growing. 
The Environmental Systems Research Institute (ESRI), in the U.S. and around the world, provides 
information on educational training, software products, and technical support through their educational 
licensing programs. The significance of developing spatial skills and preparing students for jobs in the 
21st century has prompted several school districts and states to obtain the free web-based accounts 
to access ArcGIS Online (AGO) software and adopt GIS in their curriculum. This paper addresses the 
current status of GIS in teacher preparation, and exemplifies how GIS skills are developed in the 
context of learning about issues related to decision making on the location of a new recycling center. 
The use of GIS skills illustrates the potential enhancement for critical thinking and problem-solving 
skills when compared to the Revised Bloom’s Taxonomy when preservice teachers design their own 
projects. Science concepts in physics, chemistry, biology and environmental science, in the curriculum 
have few opportunities to function in an integrated manner. In the context of the real world situations, 
teachers of science have a unique opportunity to use GIS software to layer data from a variety of 
content areas, visualize a problem from different angles, analyze and make informed choices 
regarding the solutions especially when examining environmental issues. An advanced science 
methods course designed to accommodate six sessions introduced preservice teachers to the basic 
elements of GIS with a sample of its applications using ArcGIS Online to learn to navigate and use the 
GIS software through a series of exercises. This experience demonstrates that the inquiry process 
using real world data in the GIS environment is enhanced, critical thinking and problem solving skills 
are potentially developed in the context of science, technology and society issues. The transfer of GIS 
knowledge into practice most often occurs, when preservice teachers learn and use the knowledge 
and skills in a spatial environment that enhances these connections. Research for the 21st century 
needs to grow in the areas of:  

1 integrating GIS technology in the teacher preparation curriculum 
2 developing critical thinking and problem solving skills in a GIS environment 

3 developing spatial thinking using GIS technology in the school curriculum as it has the capability 
of integrating data from science and other disciplines in a spatial form. 

Keywords: ArcGIS Online, Science Methods Course, Preservice Teachers, Spatial Thinking, Critical 
and Problem solving. 

1 INTRODUCTION 
The phenomenon of globalization and the prevalence of information communication technology (ICT) 
around the world have brought competition (Friedman, 2005) [1] and posed challenges not only to the 
American economy but to its educational aspects as well. Former President of the United States, 
Barack Obama, launched a campaign, “Educate to Innovate” designed to improve Science, 
Engineering, Technology and Math (STEM) education, and made these programs a national priority 
for at least a decade. The hope is that a greater number of students will be enthused to excel in 
science and math and that ingenuity and innovation will continue to be the core value of American 
leadership (The White House, 2009) [2]. The changing world also requires “students, our future 
citizens, to go beyond the building of their knowledge capacity; they need to develop their higher-order 
thinking skills, such as critical system thinking, decision making and problem solving” (Barak, Ben-
Chaim, Zoller, 2007. p.353) [3]. The report from the National Research Council (NRC) [4] published in 
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2006, Learning to Think Spatially: GIS as a support System in the K-12 Curriculum, emphasizes the 
importance of developing spatial skills through the teaching and learning of Geographical Information 
Systems (GIS). 

2 GEOGRAPHIC INFORMATION SYSTEMS (GIS) IN SECONDARY 
EDUCATION 

GIS is a type of ICT and its applications has been widely used in government, military and business 
organizations however, its emergence in a school or a classroom environment as an innovative 
technology is still in the novice stage. Milton, Demirci and Kerski (2012) [5] explains that the use of 
GIS in secondary schools in the U.S. has been impeded due to barriers such as lack of computer 
access, time to work on project-based learning, support from the administration, time to adapt or 
create a GIS integrated curriculum, and lack of training or experience with GIS technologies in teacher 
preparation programs. In addition, geography is not a stand-alone subject as it is taught as social 
studies in schools and in many cases, is a neglected area in the curriculum (Alibrandi & Palmer-
Moloney, 2001) [6]. This scenario is gradually changing as GIS, geospatial tools and technologies and 
online support is available through the Environmental Systems Research Institute (ESRI) [7], and 
provides information on educational training and curricular materials, software products, and technical 
support through their educational Website http://edcommunity.esri.com [8].  

They also host the ESRI Education User conference (http://www.esri.com/events/educ) [9].  

The significance of developing spatial thinking skills and preparing students for jobs in the 21st century 
has encouraged several school districts and states to obtain the free ArcGIS Online (AGO) [10] 
accounts from ESRI, and adopt GIS in their curriculum especially the Career and Technical Education 
and Science, Technology, Mathematics and Engineering (STEM) programs. 

3 RATIONALE FOR USING GIS IN SCIENCE TEACHER PREPARATION 
GIS technology is a unique tool that will allow teachers and students to explore and integrate concepts 
in a variety of subjects through a common theme. Teaching science using a problem-based 
approached is enhanced using technology. One such technology that has the capability of integrating 
data from science and other disciplines and displaying it in a spatial form is Geographic Information 
Systems (GIS). The versatility of this software is very powerful because a) it can be used as an 
analytical tool requiring teachers to use problem solving and critical thinking skills in finding a solution 
to the problem and b) it provides a platform for the development of GIS skills (workflows) which 
correlate with the International Society for Technology in Education (ISTE) standards for teachers 
(https://www.iste.org/standards/standards-for-teachers) [11]. From a curriculum stand point of view 
science concepts in physics, chemistry, biology and environmental science are taught within the 
disciplines without any interconnectedness. In the context of the real world situations, teachers of 
science have this unique opportunity to use GIS software to layer data from a variety of content areas, 
visualize a problem from different angles and make informed choices regarding the solutions 
especially when examining Science, Technology and Society (STS) issues.  

4 DEVELOPING CRITICAL THINKING AND PROBLEM-SOLVING WITH GIS 
The use of critical thinking skills are part of the decision-making process, and can be defined in a 
number of ways. The decision in what to believe and what to do is the result of a logical and reflective 
process in critical thinking according to Ennis (1985) [12]. Linn (2000) [13] describes critical thinking as 
a variety of skills, which require an individual to examine the source of the information, make an 
analysis of its credibility, comparing for consistency with prior knowledge, and coming to conclusions 
based on the synthesis of these critical thinking skills. The hierarchy of cognitive skills in the Bloom’s 
Taxonomy of Educational Objectives has six levels of cognition: Knowledge, Comprehension, 
Application, Synthesis, Analysis and Evaluation (Bloom, 1956) [14]. West (2003) [15] used the 
Bloom’s Taxonomy and compared it with analysis for geographic inquiry. This analysis revealed a 
pattern of commonality among the hierarchy of cognitive skills. The present project is modeled on a 
similar comparison, however, the comparison of the hierarchy of skills is between the analytical 
decision–making model to study STS [16], the cognitive processes in the revised Bloom’s Taxonomy 
(Krathwohl, 2002) [17] and the GIS skills developed through ArcGIS Online. The decision-making 
model developed by Oliver and Newman (1967) [16] comprises of six guidelines: identification and 
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clarification of the basic question, gathering facts about the issues under study, evaluating the “factual” 
data, evaluating the relevance of the “factual data,” proposing a tentative decision, and determining 
the acceptability of the solution. This approach involves students to examine important issues and to 
make decisions that influence their lives (Chiapetta, Koballa & Collette, 1998) [18]. The structure of the 
cognitive process dimension of the revised Bloom’s Taxonomy is remember, understand, apply, 
analyze, evaluate, and create.  

Table 1.  The Relationship between GIS Skills, Revised Bloom’s Taxonomy and STS Analytical model. 
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Data Analysis Style data, classify data, query or 
filter data, sort & modify tables, 
add data from other software, and 
understand metadata. 

Apply Evaluate 
relevance of data 

Data Create, share, add relevant data 
and modify a map. 

Understand Evaluate factual 
data 

Datum Identifying data  Remember Identify problem 

5 INTEGRATION OF GIS TECHNOLOGY IN A SCIENCE METHODS COURSE 
Given that the current status of GIS in science teacher preparation is just emerging, this paper 
addresses 1) how GIS skills are developed in the context of learning about Science, Technology and 
Society (STS) issues, and 2) how preservice teachers have the potential of developing critical thinking 
and problem solving skills when designing their own STS related projects in a science methods 
course. David A. Schoen, Professor Emeritus, Urban Planning facilitated the initial implementation of 
GIS in the science methods course. The science methods course SCI 396 Using Methods and 
Materials is designed to accommodate for six sessions in which the preservice teachers are most 
recently introduced to the basic elements of GIS with a sample of its applications using ArcGIS Online 
(AGO). Preservice teachers pursue a teaching license in Life Sciences, Chemistry, Earth and Space 
Science or Physics, while taking the science content courses in their respective science departments. 
During each session, they received instruction and learned to navigate and use the GIS software 
through a series of exercises that assisted in developing GIS skills. The exercises were designed to 
develop a functional workflow, create a new map, add layers and examine the table of contents, build 
and execute queries for filtering data, build and execute queries for performing spatial analysis, 
identify feature attribution using the map, examine feature attribution, add external data layers to 
acquire supplementary data, create buffer zones around existing GIS features, add imagery for visual 
referencing, labeling GIS features (font, color), and presenting graphics using map and legend objects. 
The successful completion of the projects was attributed to finding a STS issue that was of interest to 
them and that they could use it in their future classrooms. The preservice teachers used the following 
criteria to plan their project and the feasibility of their project was discussed in class.  

6 THE COMPLETION OF THE PROJECT WAS BASED ON THE FOLLOWING 
CRITERIA 

1 A rationale to support the need to answer or solve the question or problem was required. 

2 The question(s) are to be clearly identified and written. 
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3 The database and individual datasets selected for the project are identified. 

4 The goals and objectives of the project are to be clearly stated.  

5 The objectives that correlate with the National Science Standards/State Science Academic 
Standards and International Society for Technology in Education (ISTE) standards are to be 
presented.   

6 A workflow of the procedures to complete the project is created.  

7 The project is completed using ArcGIS Online. 

8 A compelling argument of the findings is presented to their peers and faculty members. 

7 EXAMPLE OF DESIGNING A SCIENCE, TECHNOLOGY AND SOCIETY 
INVESTIGATION 

Problem: To find a location for a new recycling center in the city of Muncie, Indiana.  

8 INDIANA SCIENCE ACADEMIC STANDARDS 
8.ESS.3 Research how human consumption of finite natural resources (i.e. coal, oil, natural gas, and 
clean water) and human activities have had an impact on the environment (i.e. causes of air, water, 
soil, light, and noise pollution). 

SEPS.1 Posing questions and defining problems. 

SEPS. 4 Analyzing and interpreting data. 

SEPS.6 Constructing explanations and designing solutions. 

SEPS. Engaging in argument from evidence. 

9 INTERNATIONAL SOCIETY FOR TECHNOLOGY IN EDUCATION (ISTE) 
STANDARDS (NETS-S) 

The ISTE standards for students have evolved through the years. The standards relevant to this 
project are: 

Computational Thinker (https://www.iste.org/standards/standards/for-students) [19]. 

5a. Students formulate problem definitions suited for technology-assisted methods such as data 
analysis, abstract models, and algorithmic thinking in exploring and finding solutions.  

5b. Students collect data or identify relevant data sets, use digital tools to analyze them, and represent 
data in various ways to facilitate problem solving and decision-making. 

10 USING ARCGIS ONLINE TO SOLVE THE PROBLEM. 
Once the problem has been identified, it helps to understand the problem better by breaking down the 
problem into simpler problems. Typically, a student might ask, what geographic region is being 
studied?  What decisions are to be made? What information will facilitate those decisions? Who will be 
impacted by these decisions? 
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Figure 1. Map of Muncie, showing the city boundaries, the location of streets and 

 Muncie sanitary district boundaries. 

The new recycling center has to be identified within the boundaries of the city limits. The next step in 
the GIS workflow is to identify, obtain, and examine the data sets for analysis. Students create a new 
map and identify the Factual knowledge about the spatial coordinate system coordinates and the 
attributes for each data layer, by accessing the information from the metadata of each layer. After the 
examination of data is finished, the next step of the workflow, is data analysis. Students understand 
the extent of the geographic location of study and a base map of Muncie is drawn, showing its 
boundary, location of streets, the Ball State campus and the White river.  

 
Figure 2. Shows the locations of apartment complexes, mobile home parks, and schools. 
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Logically the next step would be to identify the people who would need the services of the new 
recycling center and the location of their residences. Data layers are added that include schools, 
apartment complexes and mobile homes to view the spatial distribution of these residences.  

Students Understand by comprehending the distribution and relationship of these features such as the 
location of schools, mobile home parks, and apartments to each other on the map. 

Further research reveals that there are three recycling centers within the city boundaries of Muncie so 
their location needs to be identified.  

To show which areas of Muncie are more populated, data from the 2010 Census was added. The 
three existing recycling centers are located in areas that are not heavily populated. Hence, there is a 
need to look for a new location that can be of service to the people in areas that are more heavily 
populated.  

 
Figure 3. Shows the locations of the existing recycling centers, which can be identify  

by the symbol on the legend. 

To find a good location for this new recycling center a student should consider criteria for a good 
location. For example, the new recycling area should be at least a mile miles away from the existing 
centers, it should be accessible by roads, and it should serve a large population of citizens. This step 
would be identified as the Application of information of one situation to another. 

The next step is Analyze the data by drawing one-mile buffers around the points representing the 
existing recycling centers to show which areas are presently being serviced.  
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Figure 4. Shows a one-mile buffer drawn around existing recycling centers. 

A fourth buffer is drawn in an area that is more heavily populated. 

 
Figure 5. Shows a one-mile buffer drawn around the areas that are heavily populated.  

To Evaluate whether the location chosen was suitable for a recycling center, the student can place an 
overlay of the buffer layer on a satellite image or change the base map. Since the data is 
geographically referenced, it will align perfectly. 
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Figure 6. Shows the one-mile buffers around the recycling centers in Muncie. 

This step evaluates the process of the methodology and confirms that the site chosen for the new 
recycling center is accessible by roads; it is at least one mile away from the populated neighborhoods. 
Also there is a vacant plot on which the building could be constructed. The complete workflow now 
can be presented as a decision making process of finding a suitable location for a new recycling 
center (Create). 

11 CONCLUSIONS AND IMPLICATIONS FOR RESEARCH  
It is concluded that the inquiry process using real world data in the GIS environment is enhanced, and 
that critical and problem solving skills are potentially developed in the context of science, technology 
and society issues. Making a comparison of the learning objectives of the revised Bloom’s Taxonomy 
with the GIS skills assists educators in defining goals and objectives for GIS based inquiry projects 
and further justifies that GIS should be part of the teacher preparation curriculum. Integrating GIS 
technology in the teacher preparation curriculum not only helps preservice teachers engage in 
developing critical thinking and problem solving skills, they also are exposed to the GIS environment in 
which spatial thinking skills are learned. The use of GIS technology in the school curriculum has the 
capability of integrating data from science and other disciplines and displaying it in a spatial form. The 
transfer of knowledge into practice will most likely occur, when students learn and use knowledge in 
similar situations, and learners make better connections when they generate knowledge (Baker, 2000) 
[20]. This might be true for preservice teachers who will most likely investigate science, technology 
and society issues using technology when they have been taught using a similar strategy.   
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