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Using Map-Based Investigations with Elementary Students 

Curriculum Project Incorporating Elements of Spatial Thinking 

Overview of the curriculum project 

The fourth grade curriculum in a school district in southeastern Virginia includes an 

integrated science and social studies component centering on an examination of the physical 

world. The curriculum design aims to foster critical thinking and spatial analysis through the 

deliberate development of the skills of geographic inquiry by engaging students in map-based 

learning activities. Unit topics include: Earth, Moon, Sun; Geography and Weather; Earth’s 

Resources; Land and Ocean Ecosystems; Structure of the Earth; Relationships in the Physical 

World; and the Physical Geography of Virginia. The application of the scientific method is 

mirrored in social studies skills that focus on assembling an argument based on evidence. The 

units rely heavily on maps as sources of information to provide evidence to support or refute 

student-crafted generalizations and conclusions.  

The curriculum design is based on the following core beliefs: (a) maps are more than 

location, (b) maps provide valuable information, (c) “reading” maps is an essential literacy skill; 

and (d) map explorations should focus on the why there. Each unit includes multiple map-based 

investigations to support student exploration of key content and understandings. 

The map-based investigations provide students with learning experiences employing the 

three elements of spatial thinking: concepts of space, tools of representation, and, process of 

reasoning (Downs & DeSouza, 2006). Students examine data contained in the map, determine its 

applicability to the overarching inquiry question, and evaluate the use of symbols as a means to 

both communicate the message of the map and influence its interpretation. Maps become rich 

sources of information. 
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When and how do data from maps become information? Longley provides a concise 

explanation, “Information is differentiated from data by implying some degree of selection, 

organization, and preparation for a particular purpose—information is data serving some 

purpose, or data that have been given some interpretation (cited in Downs & DeSouza, 2006,  

p. 28). In the map-based investigations students go beyond the data-consumer role to become 

information producers. The students then use the information they derived to solve problems and 

make and test hypotheses.  

Linking research and classroom practice 

Geo-literacy and spatial thinking are current topics for geographic research. Definitions 

of spatial thinking differ. According to Edelson and National Geographic three components of 

geo-literacy employed by National Geographic include the three “i”s—interaction, 

interconnectedness, and implications (Edelson, n.d.). Some notable research contributions that 

aim to building an understanding of the complexity of spatial thinking include the three-

dimensional spatial taxonomy model (Jo & Bednarz, 2009) and Gersmehl’s modes of spatial 

thinking. These modes include: location, condition (site), connection (situation), comparison, 

aura (influence), region, analog, transition, pattern, correlation (spatial association), residual 

(exceptions), diffusion, and spatial model (Gersmehl & Gersmehl, 2007). The Center for Spatial 

Studies at the University of California, Santa Barbara (http://spatial.ucsb.edu/) serves as a 

clearinghouse for spatial information and TeachSpatial (http;//teachspatial.org) hosts 

interdisciplinary-based resources for teaching and learning spatial thinking. 

Of particular interest to the curriculum project is the Gersmehls’ research with 

elementary-age students. The context of their research defined spatial thinking as “thinking about 

locations, characteristics of places, and relationships among places” (Gersmehl & Gersmehl, 
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2007, p. 181). Eight of the initial thirteen modes of spatial thinking: comparison, aura or area of 

spatial influence, region, hierarchy, transition, analogy, pattern, and association (correlation) 

were used in further research they conducted (Gersmehl& Gersmehl, 2011). Based on their work 

with kindergarten and first grade students they concluded, “One might reasonably infer that 

durable learning of geographic information is more likely to occur when lessons are explicitly 

designed to ‘force’ students to perform a spatial task, that is, to use one or more of the distinct 

modes of spatial thinking” (Gersmehl & Gersmehl, 2007, p. 188).  

Regardless of differing definitions and identification of key skills, spatial thinking skills 

are used in various combinations and often simultaneously. The report of the National Research 

Council states,  

. . .  spatial thinking is not static. It is a dynamic process that allows us to describe, 

explain, and predict the structure and functions of objects and their relationships in real 

and imagined spatial worlds. It allows us to generate hypotheses, to make predictions, 

and to test their consequences (Downs & DeSouza, 2006, p. 33). 

The document further articulates three purposes for spatial thinking, “(1) a descriptive function, 

capturing, preserving, and conveying the appearances of and relations among objects; (2) an 

analytic function, enabling an understanding of the structure of objects; and (3) an inferential 

function, generating answers to questions about the evolution and function of objects” (Downs & 

DeSouza, 2006, p. 33). Infusing spatial thinking into the elementary school curriculum supports 

the development of critical thinking, decision making, and problem solving and engages 

students. 

The research underscores the importance of using a systematic approach to integrate 

spatial thinking in the fourth-grade program. As a general rule, elementary students do not 
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possess  an in-depth knowledge of the topics in the course, but they demonstrate an innate 

curiosity about the world around them. How does the curriculum project put research into 

practice?  

Why maps? 

Interpreting maps is a complex skill involving spatial thinking and decision making. How 

does one unravel the meaning of a map? Working with elementary-aged children underscores the 

complexity of mental skills involved in reading a map. Symbols represent objects on depicted on 

a map and are identified in the legend. But, is that really true? Underlying cartographic 

conventions add additional information—bodies of water are blue labeled in italics. cities are 

represented by dots, and sometimes different size dots indicate relative population size. Lines on 

a map denote borders of countries, but also rivers and streams, roads, and railroads. But other 

lines could indicate latitude and longitude or perhaps contours intervals. Numbers are used to 

indicate specific elevations, ocean depths or latitude and longitude coordinates or the map’s 

scale. An experienced map reader applies all of this knowledge to an examination of a map. 

Often map skill development consists of exercises in which students are asked to restate 

the information found in the map such as, “Which city is farthest north?” The connection to the 

characteristics of places at that specific latitude and implications for life in that location are 

seldom made. 

Maps are rich sources of information and the language of geographers. Maps represent 

data using a spatial perspective. Interpretation of a map involves more than decoding the 

symbols used in the map. Background knowledge about the topic, cartographic conventions, the 

application of geographic generalizations such as the closer to the Equator, the warmer the 

temperature, are integral to uncovering and understanding a map’s message. Even though 
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students can make and test hypotheses based on the map’s data, they need direct instruction on 

cartographic conventions and additional pieces of information to fully understand the 

relationships among key aspects of the physical world they examine.  

Maps for Investigation 

Custom maps 

Customized maps were developed to limit the number of variables for examination at 

once time. Most of the maps were designed as layered portable document files (pdf). With a 

layered pdf, students can practice the navigation skills of zooming and panning and turning 

layers on and off within the familiar pdf environment. The familiar pdf format also provides an 

entry point for teachers as they become familiar with the inquiry process and the use of maps as 

sources of information. Many of the maps are in the process of being deployed in the ArcGIS 

Online environment. Once students and teachers discover the dynamic link between the map and 

its data table via the pop-ups the online environment becomes the preferred method for map 

examination. 

We did encounter some issues with a slow network in the afternoon during which the 

online maps still had not loaded after 5 minutes. We instructed students to work in pairs and load 

the maps on only one of the computers. Layered pdfs provide a backup for this situation and can 

be loaded on the school’s network or saved on individual machine’s hard drives. Having students 

stare at blank computer screens is never a good option. 

How can maps be used to support the teaching and learning within the social studies classroom? 

Television sit-coms and movies often depict social studies classrooms readily identifiable 

by the maps that adorn the walls of the classroom. In the movies maps are props, but in the 

learner-engaged classroom maps are tools for learning.  
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Third-grade students participated in a map-based simulation of trade within the 

geographic extent of the realm of ancient Greece. Key geographic concepts such as distance and 

spatial variation were explored. The map provided the basis and evidence for building student 

understanding of the uneven distribution of 

resources, reasons for trade, and the diffusion of 

cultural traits. 

In the simulation, each student received a 

trading card with the name of a specific location. 

When their location was called, they went to the 

map shown in Figure 1, Patterns of Trade, and 

identified the resource nearby and made a statement to a Greek trader, “I am from Cyprus and 

have copper, what will you trade me?” In exchange, the Greek trader offered a choice of olive 

oil, wine, or coins. Other locations on the map were sites of Greek settlements with their major 

resource being land for settlement. As a consequence of the interaction, the Greeks brought 

cultural traits such as democracy, architecture, drama to the areas they settled. 

In order to get a sense of the territorial extent of the Greek influence, students used the 

scale on the map and yarn to measure the distance from the site of the resource or the settlement 

to Athens, the major Greek city state. This segment provided students with the opportunity to 

practice apply math skills. After the initial use of the map with students its scale was revised to 

include round numbers to simplify the calculations.  

Based on their investigation of the map, students discovered how the location and 

physical environment of Greece affected its ability to influence life in the Mediterranean basin. 

Students also used communication skills as they articulated their trades. Economic concepts of 

Figure 1. Pdf map used in the Greek trading 
simulation. 
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supply and demand were uncovered as some students realized the scarcity of their location’s 

resource and bargained to increase the price for their good. 

Design considerations for the map-based investigations materials 

Dr. Sam Wineburg of Stanford research has focused on the development of historical 

thinking based on observations of questions that professional historians ask when interrogating a 

document. His research identified a four step approach: (a) sourcing (who wrote the document, 

when); (b) contextualization (what else was going on during the time period, the major leader, 

and ideas); (c) corroboration (to what extent do multiple sources agree); and (d) close reading 

(how does the author’s word choice convey meaning). (Stanford History Education Group, n.d.) 

What could be an analogous approach to the thinking 

process of a geographer? The five themes of geography were an 

initial effort to define the subject matter of geography. Key 

questions supported the development of geographic inquiry, where? 

(location in absolute and relative terms); what’s there? (place 

characteristics); how does the physical environment influence human 

activity? How do people affect the physical environment (human environment interaction); how 

do people, goods, and ideas diffuse from one area to another (movement); and how are places 

alike and different? (regions). The five themes and accompanying questions focus on the subject 

matter and scope of the discipline of geography. Geography for Life and other sources feature the 

process of geographic inquiry as depicted in Figure 2, Skills of Geographic Inquiry, and the 18 

standards further defined key questions for exploration. 

Maps provide geographic information and are inherently spatial; but how can map-based 

student learning be maximized? The fourth-grade map-based investigations below focus on what 

Figure 2. Skills of geographic 
inquiry from ESRI geoginquiry 
pdf. 
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Wineburg terms contextualization with a geographic perspective superimposed. This geo-

contextualization process concentrates on the relationship among a specific location on Earth, its 

physical attributes and the possible influences on human actions, in short Gersmehl’s conditions 

and connections. This geo-contextualization can be stated in terms of an inquiry question—how 

does the specific location of Earth influence what happens there? The inquiry question and the 

learning it supports ventures beyond the listing of “what’s there?” to support the making and 

testing of hypotheses for “why there?” All three elements of spatial thinking as identified by the 

National Research Council are addressed in each map-based investigation. Location is addressed 

in the descriptive step, representation in the observation stage, and comparison and analysis 

employ the processes of reasoning. Reflection provides students the opportunity to review and 

evaluate their “findings” based on the map investigation.  

Map-based activities 

As recommended in A road map for 21st century geography education: Instructional 

materials and professional development, we sought to design “learning activities that are 

engaging, student-centered, hands-on, and focused on student thinking and experiences with real-

world issues” (Schell et al., 2013, p. 30). To these ends each of the map-based investigations 

contains the following components  

• overarching question/s, 

• overview of the purpose of the lesson, 

• clear identification of targeted student understandings and opportunities to extend and 

refine map skills, 

• statement of the district’s instructional objectives, 

• background information to support the investigation, 
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• inquiry question, 

• map-based questions—aimed to obtain factual information as well as support the 

generation of hypotheses, 

• possible discussion questions—aimed at synthesis of the various pieces of data and 

possible hypothesis, 

• puzzler question—an unanswered why question, 

• teacher notes, 

• supporting maps, 

• additional web-based information, and 

• sources of data for the maps.  

The various map-based investigations include maps using different projections, methods of data 

representation, and varying scales. 

Process for Map-based Investigation 

Five steps for interpreting maps 

Students were taught a systematic process to gather 

and analyze that information. A five-step process for map 

interpretations was communicated to the fourth-grade 

students using the acronym, ODCAR: observe, describe, 

compare, analyze, and reflect/write. Figure 3, ODCAR Graphic, shows the image used to 

scaffold the process for students. Even though presented in a linear format, the steps are 

interconnected as students pose questions and fluidly move among the various steps. A brief 

explanation of the parameters of each step is given below. 

In the observation step, similar to the Teachers’ Curriculum Institute, visual discovery 

Figure 3. ODCAR graphic created by 
DennisHribar. 
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strategy, students mentally divide the map into quadrants to provide a reference point for their 

observations. The construct of hemispheres provides a geographic context for locating elements 

included in the observations. This step focuses on students answering the question what do you 

see? rather than what does it mean? Students need to be reminded to focus on specific 

observations linked to the appropriate quadrant. 

In the description step, students use the map legend to describe the attributes of the 

features depicted on the map. A direct instruction mini lesson provides students with the 

distinction between a feature and an attribute in the way the terms are applied in a geographic 

information system’s table. This basic distinction is made concrete for young learners by 

displaying a picture of a child’s face. Students readily identify the features of the face as eyes, 

ears, mouth, nose, and eyebrows. The class then brainstorms all of the different attributes that 

could be used to describe hair. The classroom provides an ideal environment for generating the 

list as students can look at their peers to identify differences. The student-generated list of hair 

descriptors is then organized into categories such as length, color, and texture. Those become the 

attributes or columns that would appear in the GIS table with each individual student being a 

feature and his or her hair having attributes. The concept of attributes provides a jumping off 

point for description. 

Another element of description is distribution. Where are these features located? Initially 

students may say, “they are all bunched up at the top of the map.” Students are encouraged to use 

the concept of intermediate directions in their descriptions. Students may need specific 

vocabulary to describe the patterns of distribution in a spatial context. Are the features clustered? 

If so, in which part of the map? Is there a specific pattern, circular, linear, random? Again the 

arrangement of students and furniture in the classroom provides a concrete example for framing 
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student descriptions of patterns using common geographic terms and constructs.  

In the comparison step, students first compare the various features and attributes 

represented in various parts of the same map. Students would have previously participated in 

guided inquiry in which they discovered that maps follow certain cartographic conventions such 

as the different type styles used map to distinguish land from water or sizes of symbols to 

indicate a hierarchy of places. As elementary students operate in the realm of concrete thinking, 

the cartographic conventions were framed in the context of rules. For example, the rule might be, 

the darker color or larger the symbol communicate more of a given attribute. Students can then 

ask, “Did this map follow the rules?” 

Data can also be compared between two or more maps. Is there a similar pattern of 

distribution for two different variables? This comparison of data within and between maps 

provides the basis for making connections and uncovering relationships. 

In the analysis step, students begin the process of converting the data on the map into 

information. They consider how the pieces of data interact based on the observations and 

comparisons they have made in the previous steps. They state generalizations based on the 

patterns they have identified. They use the data in the map to make and test hypotheses which 

can be scaffolded in terms of, “if . . . then” statements. 

In the reflect step, students integrate other information they may have acquired through 

other learning experiences such as readings, field trips, and other sources of data associated with 

the topic. The work in this step focuses on clearly articulating the findings and posing further 

questions for investigate. The creation of Story Maps in ArcGIS Online provides a vehicle for 

communicating the results of their learning. 

The steps in the ODCAR process correspond to the three uses of spatial thinking 
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identified by the National Research Council. The observation and descriptive steps correspond to 

the descriptive function of spatial thinking. The comparison and analysis steps correspond to the 

analytic function. The reflect step corresponds inferential function. Even though not directly 

articulated the modes of spatial thinking identified by Gersmehl can be readily identified in the 

geographic concepts included in the description portion of the ODCAR process. 

Application of the ODCAR five step process 

Three content-specific applications of the ODCAR method of interpreting maps is 

illustrated in three specific map-based activity descriptions: Linking Daylight Hours and the Tilt 

of the Earth, Comparing Distribution of Temperatures at a Global Scale, and Where are the 

World’s Deserts? 

     Example 1, Linking daylight hours and the tilt of the Earth 

This map-based investigation is framed by the following organizing questions: (a) How 

does the tilt of the Earth affect the seasons? and (b) Why does the number of seasons vary in the 

low, middle, and high latitudes? As students investigate the data on the maps, they discover how 

the geogrid can be used to describe and analyze the relationship to the distribution hours of 

daylight throughout the world and characteristics of world climate zones. Students examined 

data about the hours of daylight for specific locations at different times of the year and used the 

construct and knowledge of the geogrid to inform their inquiry questions 

Figure 4, Maps to Support Linking Daylight Hours and the Tilt of the Earth, illustrates 

the three maps that were initially provided to students. The absence of labels on the maps 

provides students with the opportunity to apply their knowledge of the location of the world’s 

continents, oceans, and purpose of the geogrid.  
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As this was the first map-based investigation, a whole-class guided questioning was used 

to model how to make an observation. Focusing student attention on the placement and 

differences of the symbols was needed as they wanted to state what the symbol represented 

without identifying the relative location and different types of representations used. Coaching 

resulted in students being able to state observations in simple terms such as different colors show 

the variables or attributes of different features, some circles are larger than others, the dots for 

the middle map seem to be all the same size, and some lines are dotted. Even the words on the 

map provide the basis for observations as two of the maps use the term solstice in conjunction 

with a season’s name. 

Applying the scientific method terminology to map interpretation is a key link between 

the disciplines of science and social studies. What variables were used on the map? Which was 

the independent variable, which the dependent?  

In description students were encouraged to use the concepts of directionality to describe 

location using the applicable parts of the geogrid as reference points. The numerical designations 

for locations such as the North Pole are problematic. As the latitude designations are not 

commonly used many learners ranging from elementary to college-age students respond with the 

zero for the numerical location of both the North Pole and the Equator. Using a globe as a model, 

 
  

Figure 4. Maps to support the Linking Daylight Hours and the Tilt of the Earth map-based investigation. Maps created 
by the author. 
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students identified the 90⁰ angle formed by a line connecting the North Pole and the Equator. 

The mathematical relationship between the angle and the latitude of the North Pole provided 

both a concrete example and the basis for building the relationship between angles and latitude 

for the young learners. 

Even though the process of inquiry involves student-generated questions and sense-

making of the data, sometimes additional information is needed. As students suggested 

explanations for the designation of the Tropic of Cancer at 23.5 ⁰ north, students were provided 

an additional piece of information, the tilt of the Earth’s axis at 23.5 degrees. They then 

recognized the relationship between the angle and its numerical value. 

Students used the geogrid (the tropics, Arctic and Antarctic circles, the Equator to 

describe the distribution of the different size dots. Students applied their knowledge of 

hemispheres and directionality to describe location and patterns of distribution. Students stated 

for the winter solstice map, the largest dots were located in the northern hemisphere. 

Students then compared the hours of daylight at those locations during the different 

seasons. Students used the relative size of the symbols on the map to consider similarities and 

differences among the data. To illustrate data can be represented in different ways students were 

given additional maps depicting the same data represented a different way. Figure 5, Hours of 

Daylight, includes these additional maps. The map projection differed, and additional latitude 

and longitude lines were included. 

  



  

18 

 

 

 

 

Analysis of the map focuses on the statement of generalizations coupled with the 

opportunity to provide evidence from the maps to support or refute those generalizations. 

Students noted that during the winter season places located north of the Arctic Circle had the 

most hours of daylight. The statement provided the opportunity to discuss when each hemisphere 

has winter. 

During the reflect step students respond to discussion questions such as, How many ways 

can you describe the location of places that experience 24 hours of daylight? Why do the hours 

of daylight differ in the northern and southern hemispheres? When do all places on Earth have 

approximately 12 hours of daylight?  

In addition, each map-based investigation includes a puzzler question worthy of 

consideration with multiple answers. These puzzler questions uncover misconceptions. Does the 

understanding that the closer a place is to the Equator, the warmer the temperatures cause 

confusion?  Applying logic students could come to the conclusion if a place is warm it should 

have large amounts of sunshine. However, that is not necessarily true with the areas located near 

the Equator having 12 hours of daylight and 12 hours of night time year round. This 

misconception could be surfaced by posing a question to the students, such as “if the amount of 

sunlight is greatest at the poles during the hemisphere’s summer, why are the temperatures there 

Figure 5. Additional maps for the Linking Daylight Hours and the Tilt of the Earth map-
based investigation. Maps created by the author.  



  

19 

lower than those at the Equator?” The use of inquiry to elicit student consideration of key topics 

may result in the transfer of the content and concepts to long-term memory. 

Questions may also be used to assess student understanding of two variables such as 

latitude and daylight hours by providing a non-example question such as How do the hours of 

daylight differ in the eastern and western hemispheres? If a student has an understanding of the 

underlying constructs he or she should be able to state there is no relationship. 

The map-based investigation described above provides student with the opportunity to 

extend and refine map skills as they: (a) interpret symbols on a map, (b) distinguish similarities 

and differences between specific regions on the map, and (c) use directional terms to describe 

differences in the distribution of daylight hours. Students also viewed differing representations of 

the same data. The map-based investigations also provide a springboard for further development 

of unit content such as Why do the hours of daylight in a location matter? and How does the 

amount of daylight influence human activities? 

In this age of standardized testing, a challenge is getting teachers to evaluate students on 

their ability to employ a process rather than only answer factual questions such as what is the 

number of the Tropic of Capricorn. 

     Example 2: Comparing distribution of temperatures at a global scale  

Students used evidence from a map of world temperatures and ocean currents to explore 

the relationship between latitude and temperature. After making observations, descriptions, and 

comparisons, students generalized that places located near the Equator experience higher 

temperatures than places located near the poles. Students then examined a map of unlabeled 

ocean currents and based on that geographic “rule” students predicted which ocean currents were 

likely to be warm and which cold. Another “rule” emerged as temperatures decrease as distance 
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from the Equator increases. Note that a layered pdf with the use of Adobe Pro can be opened 

with some layers, such as the legend turned off. 

Students were then presented with a map, Figure 6, Comparing Temperatures in the 

Northern Regions, used to illustrate an exception to the “rule” Students are challenged to provide 

explanations to account for warmer winter 

temperatures at Reykjavik, Iceland were similar to 

those in Virginia and the United Kingdom during the 

winter season? Students could also observe the 

differences in temperature between the east coast of 

Iceland and the east coast of Greenland. 

At first students suggested the map was in error. 

They were then presented with a table of data, Table 1, Temperature of Selected Cities or 

instructed to check the pop-ups if  ArcGIS Online was used.  

. 

 

 

 

 

Based on the additional data, students tested the original “rule” that places at the same 

latitude experience similar temperatures. Students were asked how Reykjavik and Hammerfest 

was able to break the rule. Students suggested possible differences in topography, and coastal 

locations. Based on the examination of the map’s data students identified some of the climate 

Table 1 

Temperature of Selected Cities 

Figure 6. Map used in challenge a 
geographic rule. Map created by the author. 
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causing factors other than latitude that could account for the temperature difference. 

The maps provided the students with an opportunity to extend and refine map skills by: 

(a) using directionality to describe the distribution of temperatures, (b) comparing characteristics 

of places on different parts of a land mass, for example the position on the landmass, and 

(c) using the legend to obtain information. In addition they employed a variety of higher-order 

thinking skills as they used “evidence” from the map to explain how places are alike and 

different.  

The listing of map skills does little to capture the extent of spatial thinking involved in 

this segment of the investigation. As students examined the data in the maps they were thinking 

about locations, place characteristics and the relationships between places, the indicators of 

spatial thinking identified by the Gersmehls. Specifically the exercise employed the following 

models of spatial thinking identified by Gersmehl—location, conditions, connections, region, 

diffusion, analog, pattern and association. In addressing the issue of differing temperatures at the 

same latitude, students used the locational, analytic, and inferential functions of spatial thinking 

as identified by the National Research Council.  

     Example 3: Predicting the location of the world’s deserts 

This map-based investigation included in the sixth unit provides an increasing level of 

complexity in terms of spatial thinking map interpretation skills. In preparation for this map-

based investigation, students brainstorm the characteristics of a place that would have a very 

limited amount of rainfall. Answers include little vegetation, few rivers and streams, and based 

on the popular media—hot with copious amounts of sand. Students then examined images of 

deserts located around the world to determine the characteristics the places have in common. 

They are puzzled by the inclusion of ice deserts such as Antarctica. A desert was defined as an 
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area receiving less than 10 inches of rain per year. The existence of ice deserts creates cognitive 

dissonance at this concept does not correspond to their previous images of a desert environment. 

Students then examine Figure 7, a map of the distribution of streams at a global scale. 

They use the map to predict the likely locations of the world’s largest desert areas. The map 

investigation is based on the following overarching 

inquiry questions: Why are deserts located where they 

are? and What is the relationship between the world’s 

deserts and the world’s streams? In essence, students 

are testing the hypothesis that deserts are located 

where this is an absence of streams. 

Students examine a map of the world desert 

areas at a global scale to test the accuracy of their 

predictions. However, there seems to be an exception to every rule. At a global scale the Yucatan 

peninsula is barely visible. Students then examine 

Figure 8, North America’s Arid and Semi-arid areas, a 

map at a larger scale, to test the relationship between 

streams and desert areas. For the most part, the 

hypothesis holds true. But why isn’t the Yucatan 

designed a desert area? 

Students first suggest that a mistake has been 

made on the map and it is an unlabeled desert. Students 

were then provided with additional information, Table 2, Rainfall at Key Locations on the 

Yucatan Peninsula. In addition the unit’s materials also include an image of vegetation, a 

Figure 7. Map depicting distribution of world’s 
streams. Map created by author.  

Figure 8. Map to examine North America’s 
arid and semi-arid areas. Map created by 
author. 
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climograph, and a climate map clearly indicating the area in the tropical wet climate zone.  

Table 2 

Rainfall at Key Locations in the Yucatan Peninsula 

  

Based on this additional information students once again begin the inquiry process as they try to 

identify reasons for the lack of streams and the non-existence of the desert. The teacher could 

scaffold the inquiry with age-appropriate information about the existence of underground 

streams and caves in the area. The information provided could be indirect in terms of a travel 

advertisement for cave exploration in the area. 

In this map-based investigation students have the opportunity to extend and refine their 

map skills by (a) choosing the appropriate map to answer the question posted, (b) using a legend 

to make meaning of the information on the map, and (c) comparing information between two 

maps at different scales and describing patterns of distribution. In addition students employed a 

variety of higher-order thinking skills as they used “evidence” from the map and additional 

sources to explain the “stream-less” area of the Yucatan.  

As students examined the data in the maps they were thinking about locations, place 

characteristics and the relationships between places, the indicators of spatial thinking identified 

by Gersmehl. Specifically the exercise employed the following model of spatial thinking 

identified by Gersmehl—location, conditions, connections, region, analog, pattern, and 

association. In examining the relationship between the distribution of the world’s deserts and 
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streams and addressing the issue of a non-example, students used the locational, analytic, and 

inferential functions of spatial thinking as identified by the National Research Council.  

Conclusions 

As evidenced in the three example learning activities, maps are an essential source of 

information as students interpret data, and transform that data to information through the 

generalizations and hypotheses they make. Through participation in a series of map-based 

investigations, students not only acquire and apply knowledge of geographic constructs and 

cartographic conventions, but use the information to make decisions and solve problems. 

The map-based investigations described in this article incorporate the criteria for Road 

map to the 21st century, vision of an “ideal classroom” in which students: 

• investigate problems and solutions through fieldwork and geospatial technologies 

such as web-based GIS and remotely sensed images, 

• learn how to collect organize, and analyze geographic data to make decisions and 

actively participate in their local communities, 

• analyze maps, photographs and charts to better understand patterns and distribution of 

geographic phenomena, 

• use their knowledge of geography to better understand other subject areas and to 

make informed decisions in their everyday lives” (Schell, p. 30). 

Elementary students can develop spatial thinking skills by engaging in inquiry-based 

learning experiences based on content-specific maps customized for use by young learners. The 

use of maps provides an ideal basis interdisciplinary science/social studies investigations. 

Students involved in the pilot of the map-based investigations actively engaged.  
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