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ABSTRACT 
 

 
The purpose of this study was to determine high school student’s spatial 

cognition abilities to identify features and attributes in agriculture production 
images, projected in two-dimension (2D) or three-dimension (3D).  The effects of 
selected demographics on spatial cognition were examined.  The population 
consisted of 101 high school students from selected secondary agricultural 
education programs during the Fall Semester of 2003.  Criteria for participation 
were that the class size be 10-15 students enrolled in 11th or 12th grade.  The 
agricultural classes were randomly assigned as either participating in the 2D or 
3D study.  When viewing 2D and 3D images of production agriculture students 
were able to correctly identify features and attributes about 50 percent of the 
time.  Based on the 17 multiple-choice questions of the 23 questions used, there 
was no significant difference in students’ spatial cognitive abilities when viewing 
2D and 3D production agriculture images.  When viewing production agriculture 
images in 3D, containing features and attributes relative to elevation, spatial 
cognition was enhanced.  Age, grade level, semesters enrolled in agricultural 
education, gender, place of residence and prior GIS experience did not enhance 
spatial cognition.   
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THE PROBLEM 
 

Introduction 
 
 

Humans talk about what they see.  Frequently the phrase ‘a picture is 

worth a thousand words’ is used.  Such statements raise an important question 

for theories of spatial cognition and for the geographic information system (GIS) 

users.  Can humans accurately interpret images without the use of linguistics?  

Or, is the linguistic system vital to understanding and describing spatial images 

such as agricultural field conditions?  It is reported that there is a connection 

between visual representation, which grows out of one’s visual observations, 

and our linguistic system (Gardner, 1983; Hayward and Tarr, 1995). 

When GIS users are creating, viewing and discussing geographic 

images displayed in two-dimensions (2D) or three-dimensions (3D), spatial 

intelligence requires the use of cognitive higher-order thinking skills. These 

cognitive higher-order thinking skills are analysis, synthesis, and evaluation 

(The Master Teacher (b), 2003).  Hence, the cognitive ability to use reason, 

intuition, or perception is essential for the GIS users.  

The theory of multiple intelligence developed by Gardner (1985), 

indicates that people have a range of intelligences and learning styles, not just 

the linguistic and logical-mathematical intelligences.  One of the intelligences is 

visual-spatial (directly related to drawing, architecture, and map-making) (The 

Master Teacher (b), 2003).  According to Dunbar et al. (2003) graphics, 
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specifically data visualization, are usually the simplest and most powerful 

means for communicating results.  This important concept has been expanded 

to include the use of visualization for representing geographic data, or 

geovisualizations.  

In today’s world, the ability to view spatial information and make accurate 

spatial interpretations on computers is becoming more important.  The need to 

view data spatially has increased with the advancement of the GIS and remote 

sensing (RS) technology.  A hand drawn map that once took months to 

complete is now created within weeks or even days.  For example, National 

Geographic magazine utilizes GIS to create maps within weeks that once took 

about six months (ArcView News, 2002).  This geographic advancement has 

lead to an increased interest and a growing job market.  Smith and Mark (2001) 

stated, “with the proliferation of GIS and GIS-related applications on the world-

wide-web, there is an ever-increasing need to know how non-experts 

conceptualize the geographical domain” (p. 592).  

Many of our daily activities require complex skills and knowledge, 

including spatial knowledge acquisition, navigation, and decision-making (Bell, 

2002).  Gardner (1983) explains that: 

Central to spatial intelligence are the capacities to perceive the visual 
world accurately, to perform transformations and modifications upon one’s 
initial perceptions and to be able to re-create aspects of one’s visual 
experience, even in the absence of relevant physical stimuli (p.173). 

For example, a crop advisor who has observed insect damage in a field and 

reports it to the producer.  The producers’ perception of the damage done to the 
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crop will be based on his/her past experiences and the re-creation of a mental 

image of insect crop damage based on the words, and gestures used by the 

crop advisor.  

 Smith and Mark’s statement about non-experts identifies a need to 

determine how they use cognitive ability to interpret geographic images.  Mark 

et al. (1999) suggest that the way humans perceive and process information 

about geographic space differs from how they evaluate other types of space.  

For example, the space perceived between the desk and the chair is different 

than the space between Seattle and Miami.  The desk and chair space exists 

within a person’s view, while Seattle and Miami are geographical space.  This 

process relies on referenced information stored through experiences.  What is 

the reference data of high school students, who have spent most of their time 

within a city’s boundary, when asked to interpret an agricultural image of a 320 

acre field?   

 In terms of geographical information, humans store reference data in a 

categorical, hierarchical fashion (Mark et al., 1999; Mennis, Peuquet and Quan, 

2000; Leung, Leung and He, 1999).  As humans move from categories of 

objects such as tables, chairs, and desks, to geographical categories such as 

rivers, lakes and mountains, the hierarchical structure of these categories 

change.  For instance, Robert Rumney, a Cascade, Montana rancher, reports 

he could not categorize specific weed location until data were placed into a 3D 
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image.  Rumney noticed that dalmatian toadflax was only growing on certain 

terrain aspects (ArcView News, Spring 2003).  Smith and Mark (2001) stated: 

One of the most important characteristics of the geographical domain is the 
way in which geographical objects are not merely located in space, but are 
typically parts of the earth’s surface, and inherit mereological properties from 
that surface (p. 596). 

 
With the advancing use of GIS applications in agriculture there comes a need to 

better understand how non-experts may interpret images.  Would viewing field 

data or satellite images displayed in three dimensions enhance spatial 

intelligence?  Before agricultural educators can enhance spatial intelligence and 

spatial cognition among students, there is a need to know what these abilities 

are.   

 
Statement of Purpose 

 

The purpose of this study was to determine Montana agricultural 

education 11th and 12th grade students’ spatial cognition abilities when viewing 

agriculture production and satellite images projected in two-dimensions or 

three-dimensions.  Data were collected during the 2003-2004 school year. 

 
Need for Study 

 

 The ability of adults to use their spatial intelligence has historically been 

recognized.  However, relatively little has been definitively established about the 

development of spatial intelligence of students (Bell, 2002; Blaut, Stea, 
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Spencer, and Blades, 2003; Gardner, 1983).  Very few studies have drawn a 

direct connection between the linguistic system and the underlying structure in 

spatial representations (Hayward and Tarr, 1995).  Information needs to be 

obtained on human perceptions involving the spatial characteristics (attributes) 

of objects and data, both in the real world and in digital representation (Kessels, 

Kappelle, de Haan, Edward and Postma, 2002; Smith and Mark, 2002). 

 When precision agriculture and GIS applications are used in the 

classroom, agricultural teachers will be faced with questions about spatial 

cognition abilities of students.  For instance, can students use their spatial 

intelligence to see relationships between agriculture production inputs when 

viewing field and satellite data displayed as an image?  Do students differ in 

their spatial cognitive abilities when analyzing agricultural field data displayed in 

2D or 3D?  Does exposure to new geographic information technologies 

motivate students to learn about agricultural production?  Are there 

demographic factors and experiences that affect high school agriculture 

education students?  This research strives to answer these questions. 

 
Objectives 

 
In order to fulfill the purpose of this study, the following objectives were 

identified: 

1. To determine agricultural education students’ abilities to use cognition 

(reason, intuition or perception) to correctly identify features in 2D images 

related to crop production. 
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2. To determine agricultural education students’ abilities to use cognition 

(reason, intuition or perception) to correctly identify features in 3D images 

related to crop production. 

3. To compare agricultural education students’ abilities to use cognition 

(reason, intuition or perception) to correctly identify features in 2D and 3D 

images related to crop production. 

4. To examine the effect of selected demographics on agricultural education 

students’ ability to use cognition (reason, intuition or perception) to correctly 

identify features in 2D and 3D images related to crop production.  The 

selected demographics are; age, gender, grade level, semesters enrolled in 

agricultural education, place of residence, and GIS experience. 

 
Definitions 

 
ArcView – a desktop GIS and mapping software that provides data 

visualization, query, analysis, and integration capabilities along with the 

ability to create and edit geographic data (Retrieved May 2, 2003 from 

http:www.esri.com). 

Cognition – the mental faculty or process of acquiring knowledge by the use of 

reasoning, intuition or perception (Retrieved February 10, 2003 from 

http://encarta.msn.com/encnet/features/dictionary/dictionaryhome.aspx). 

Geographic Information System (GIS) – computer system and software that 

organize data into cohesive formats and render geospatial analysis 
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opportunities from the data gathered (Retrieved May 2, 2003 from 

http:www.esri.com). 

Global Positioning System (GPS) – navigational system consisting of a 

constellation of 24 satellites that send and receive radio signals to 

determine locations on earth (Retrieved May 2, 2003 from 

http:www.trimble.com). 

Hyperlink – a word, symbol, image, or other element in a hypertext document 

that links to another such element in the same document or in another 

hypertext document. The hyperlink is activated with a mouse click 

(Retrieved February 10, 2003 from 

http://encarta.msn.com/encnet/features/dictionary/dictionaryhome.aspx). 

Internet – a global connection of interconnected local, mid level or worldwide 

networks (Retrieved February 10, 2003 from 

http://encarta.msn.com/encnet/features/dictionary/dictionaryhome.aspx). 

Image – data viewed in a pictorial scene. 

Knowledge - general awareness or possession of information, facts, ideas, 

truths, or principles (Retrieved February 10, 2003 from 

http://encarta.msn.com/encnet/features/dictionary/dictionaryhome.aspx). 

Mereological – a general theory of the relationship between wholes and parts 

(For example, the relationship between objects and their properties) 

(Oppy, G. 2003, February). 
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Ontology – a neutral and computationally tractable description or theory given 

domain, which can be accepted and reused by all information, gathered 

in that domain (Smith and Mark, 2001). 

Photograph – a hard-copy pictorial record of a scene recorded by a camera 

(Jensen, 1996). 

Remote Sensing – the science and art of obtaining information about an object, 

area, or phenomenon through the analysis of data acquired by a device 

that is not in contact with the object, area, or phenomenon under 

investigation (Lillesand and Kiefer, 1994). 

Spatial – relating to, occupying, or happening in space (Retrieved February 10, 

2003 from 

http://encarta.msn.com/encnet/features/dictionary/dictionaryhome.aspx). 

Three-dimensional (3D) – as the computer screen cannot provide fully three-

dimensional representation, but rather must project 3D location on to the 

flat computer screen, it is not a true 3D, but 2.5 dimension.  Though for 

the purpose of the study, it will be called 3D. 

Topological - the study of changes in topography that occur over time and, in 

particular, of how such changes taking place in a particular area affect 

the history of that area (Retrieved February 10, 2003 from 

http://encarta.msn.com/encnet/features/dictionary/dictionaryhome.aspx). 

Two -dimensional (2D) – digital data viewed on a flat surface, having length and 

width without depth.  
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Assumptions 
 

The study was developed on the following assumptions: 

1. Students will express differences in spatial cognition between two-

dimensional and three-dimensional images. 

2. The utilization of 2D and 3D can aid in the development of spatial cognition. 

3. All students have had little or no previous background with 3D 

representation of field data. 

4. The students have a background/ understanding of agriculture through one 

or more classes offered through agricultural education. 

5. The students will participate honestly. 

 
Limitations 

 

This study was limited to: 
 

1. The 2D and 3D images created by ESRI ® software using satellite images 

and agricultural production data. 

2. The time of data collection was October, 2003. 

3. Students enrolled in Montana 11th and 12th grade agricultural education 

classes during the 2003-2004 school year. 
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REVIEW OF LITERATURE 
 
 

Spatial Relation 
 
 
Spatial Memory 

One of the most important cognitive functions in daily life is spatial 

memory, which enables us to locate objects in our environment or to learn a 

route or a path (Kessels et al., 2002).  Chalfonte (1996) suggests there is a 

difference between memory for routes or paths, and memory for the location of 

objects.  The difference between the two types of memory is that routes or 

paths cover a geographic space.  Where an object, such as a sign, is viewed 

within an object space.  For example, a route or path used by residence of a 

community would be considered geographic space.  A stationary object space 

would be a sign along a path.  Human spatial memory involves the encoding, 

storage, and retrieval of information about spatial layouts, enabling us to 

remember the position of objects in our environment (De Renzi, 1977).  

The use of a frame of reference for recalling information provides 

structure for spatial information and provides for the involvement of spatial 

knowledge.  In addition, spatial information prompts the recollection of mental 

pictures.  Humans have to search their memories for experiences, 

understanding, and events relating to the mental picture.  Recalling mental 

pictures can evoke emotions that stimulate excitement, focus attention, and 

build interest and confidence (The Master Teacher (a), 2003).  Metaphors are 
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used to assist in recalling mental images.  Visual languages use metaphors to 

show concepts.  Metaphors take into account the mental model of the end-user 

(Downs and Stea, 1977). 

 When testing for spatial ability, people often solve spatially presented 

cognitive problems more easily than non-spatial problems.  Gardner (1983) 

explains that spatial intelligence is closely tied to and grows directly out of one’s 

observations of the visual world.  Entities perceived in spatial relation to one 

another produce a more accurate representation (Freska et al., 1999).  

According to Barsalou (1999), images (perceptual symbols) are easily 

understood if they share the properties for arrangement and order of 

occurrence with the “real” perceptions of the viewer.  Thus, the more 

experiences an individual has with the environment of an image, the easier it is 

to mentally conceptualize the image. 

 
Scale 

 The larger the environment represented by an image the more difficult it 

is to conceptualize spatially the area of interest.  For example, in an agricultural 

setting, what difficulties would a producer have when viewing an image of 320 

acres?  Lockman and Pick’s (1984) study suggests that spatial behavior in 

different scale (size) environments is driven by the cognitive information 

processing skills of encoding, internal manipulations and decoding.  Bell (2002) 

indicates that: 
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Scale is an essential element in the acquisition of spatial 
knowledge.  People interact with information in large, navigable 
spaces in different ways than in small, haptically manipulable 
spaces.  These differences are manifested in a variety of 
behaviors including navigation, locomotion, reaching, grasping 
and both visual and haptic perception.  The extent to which 
various behaviors are necessary for acquiring spatial knowledge 
and solving problems in different size spaces may be fundamental 
to how internal representations of spatial information are 
developed and used (p.9). 

 
Scale has an effect on a person’s perceptions and ability to find a location or 

object.  The importance of scale was earlier established when Gibson (1979) 

wrote that: 

The world can be analyzed at many levels, from atomic through 
terrestrial to cosmic.  There is physical structure on the scale of 
millimicrons at one extreme and on the scale of light years at another.  
But, surely the appropriate scale for animals is the intermediate one 
of millimeters to kilometers, and it is appropriate because the world 
and the animals are then comparable (p. 22). 
 

Thus, the scale used by the GIS user to create images is critical in helping the 

viewer correctly interpret an image.  The scale of maps and diagrams all rely 

upon scale transformation to accurately represent space.  Scales can be 

referred to as large or small.  Cartographer’s large scale represents a small 

area in great detail, while a small scale shows a larger area in less detail (Bell, 

2002).  People who are not trained in cartography refer to scale as the relative 

size of a space: large space equals large scale and small space equals small 

scale (Bell, 2002).  Attempts have been made to categorize space with respect 

to various indices of scale (or size), since there are many definitions of scale (or 
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size) (Freundschuh and Egenhofer, 1997; Ittelson, 1973; Lockman and Pick, 

1984; Montello, 1993; and Tversky, Morrison, Franklin and Bryant, 1999).  

Scale is an important aspect when viewing remotely sensed imagery, 

whether aerial photographs or satellite images.  For example, an agricultural 

producer can determine sections of land that were in production from satellite 

imagery.  Yet, they are unable to see the specific detail of a 40 acre field in the 

image. 

Garling and Golledge (1987) characterized the sizes of scale as small, 

medium, and large.  This classification does not distinguish the method of 

integration (i.e., single perspective vs. requiring navigation).   

Montello (1993) presented a thorough classification of a spatial scale that 

provided a qualitative scheme by which spaces of varying size and format can 

be differentiated.  Both Freudschuh (1997) and Freundschuh and Egnehofer 

(1997) repackaged Montello’s classification as an argument for application to 

GIS.  The smallest space implied in the classification is figural space, which is 

smaller than the body and can be perceived from a single vantage point (Bell, 

2002).  Figural space can be subdivided into pictorial and object space.  Object 

spaces are small, 3D spaces, where pictorial spaces are small and flat spaces.  

A digitally created image supports in a natural way the concept and use 

of spatial information.  The spatial structure of maps and images extends the 

cognitive facilities of the end user to the external representation medium 

(Freska et al., 1999).  Digital image usefulness strongly depends upon the 
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spatial structure of the representation and the viewers’ ability to perceive and 

interpret.  Images and map-like representations convey knowledge by depicting 

spatial entities in a planar external medium (Freska et al., 1999).  

 As researchers develop sophisticated technologies, such as virtual 

environments, there is a need to understand the mental processes associated 

with spatial representation.  There is increased interest by software developers 

and end users in the exploration of virtual environments.  Gahegan, (1998); 

MacEachren et al., (1999); and Bishop and Gimblett, (2000), report there is a 

wide range of applications for virtual environments such as environmental 

planning and management, urban planning, tourism, vehicle guidance and 

navigation.   

How can software developers improve visual representation?  Glasgow 

(1993) has shown that perceptual representations can increase viewers mental 

computational power substantially.  Barsoula (1999) explains that perceptually 

based theories of knowledge are typically construed as recording systems, 

where as conceptual systems interpret the entities in a recording system.  For 

instance, a human conceptual system of a picnic may perceive individuals as a 

tree, table, or an apple. Hence, the conceptual system binds specific 

perceptions (i.e., individuals) to general types of things in memory (i.e., 

concepts).  Therefore, a system that only records perceptual experience cannot 

construe individuals in this manner; it would only be record in a holistic context 

of an undifferentiated event (Barsoula, 1999).  
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Navigation 

The use of animation and navigation has visual benefits as human vision 

is “hardwired” to detect motion.  In addition to animation through time, 

visualizations can also use animation to move the viewer through a 3D 

landscape.  The combination of visualization and animation can provide a more 

effective representation of data describing changing land cover (Dunbar, 

Moskal and Jakubauskas, 2003).  Thus, placing images in 3D has the potential 

to enhance spatial cognition.  Also, ArcGIS ® software allows the used to 

rotate, pan, tilt, fly –through, and zoom in and out on a digital image.  This 

process makes it possible to explore the data for improved conceptualization. 

Laurini and Thompson (1992) introduced the idea of a hypermap.  A 

hypermap is an interactive and multimedia map that allows users to navigate 

through the map and find locations, for easier interpretation of maps and 

queries.  This is a way of using multimedia data with GIS (Cartwright, Peterson 

and Gartner, 1999; Kraak and van Driel, 1997).  This is an extension of the 

hypertext approach (Beiber and Kacmer, 1995).  The underlying idea is to 

retrieve all documents related, or partly related, to a certain area of interest 

(Aufaure and Trepied, 2001).  

 Aufaure and Trepied (2001) explained: 

The information base is structured as a network in which nodes 
represent the application objects (i.e., a text describing an 
historical monument, the map of a building and the aerial picture 
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of a plot) and links represent the relationships (structural or 
semantic) between nodes (p. 365). 

 
A node can also represent a spatial object, and, consequently, has a 

spatial position (coordinates) in a hypermap (Laurini and Milleret-Raffort, 1990).  

On the map each link has an anchor (i.e., icon or underlined word).  Clicking the 

mouse on the anchor allows all the information from the node to be displayed.  

The process of moving through links is termed navigation.  While visualization is 

used to explore, analyze, manipulate, and present results, navigation is used to 

explore the data, and languages are used to manipulate the data.   

Navigation is divided into thematic navigation and spatial navigation.  

Thematic navigation occurs when the user navigates from a text to other 

elements, whereas with spatial navigation, the user navigates from the map to 

retrieve text, sound, or images 

Navigation is a very intuitive and easy task (Aufaure and Trepied, 2001).  

Navigation allows the user to visually explore, analyze and navigate (Anselin, 

1999).  Navigation would allow a producer to view their agricultural field using 

years of acquired data (i.e., yield, precipitation, fertilization rate) and then be 

able to navigate through the various years while doing a query on crop yield in a 

specific area.  The end result is a better understanding of the effect of 

production variables.  
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Agriculture 

For hundreds of years, agricultural producers have been using their 

knowledge and spatial ability for agriculture production.  Producers have been 

dependent on memory, knowledge and their ability to use these skills when 

managing production.  However, the size of operations has increased 

substantially, creating a need for a precision agriculture.  Precision agriculture is 

in an early and rapidly changing phase.  With the use of technology and 

precision agriculture, there is a potential to change decision making (National 

Research Council, 1997).   

Precision agriculture uses GIS, GPS, and RS technologies to establish a 

base line of information.  This process will provide better record keeping, yield 

monitoring, and better farm research for producers.  According to the National 

Research Council (1997) “a disadvantage of the current generation of GIS is 

the complexity of the software and the steep learning curve involved in using 

and interpreting spatial data in a valid and robust way (p. 30).”  A limitation is 

that spatial relationships from data layers are hard to interpret.  They reveal 

only visual relationships for the producer to interpret with GIS software.  

Practical applications of the technology and the need for an understand of 

precision agriculture should find its way into the agriculture classroom.  As 

evidence of this movement, The National Council for Agricultural Education 

produced and distributed to agriculture teachers a curriculum on precision 
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agriculture.  In addition, a number of universities are currently offering courses 

in precision agriculture technology. 

 

Demographic Factors That Affect Spatial Cognition 
 
Age 

A large number of studies have shown that infants have a strong 

awareness of the permanence of objects around them and that the perceptual 

constancies of size and shape develop early and quickly (Blaut, 1997).  Yet, 

Piagentian theory suggests that when children reach the concrete operations 

stage, they acquire the ability to conceptualize geographical space, and to 

“project” from the earthbound perspective of ordinary experience to the 

overhead perspective of a map or aerial photograph (Blaut, 1997).   

However, Great Britain has a new national curriculum mandating the 

teaching of simple mapping and the use of aerial photographs in the beginning 

years of school, which does not conform to the Piagetian theory (Blaut, 1997).  

As Great Britain demonstrated through their curriculum change, there was a 

strong tradition of implicitly addressing the nature of spatial representation 

through linguistic description of spatial layout and the study of cognitive maps 

(Hayward and Tarr, 1995).  In any curriculum, geographic representations can 

be used for a variety of applications, ranging from creating time lines and 

sequencing events, to describing cause-and–effect relationships and making 

specific application of generalized principles (The Master Teacher (a), 2003).   
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Gardner (1983) describes that Piaget introduced a distinction between 

“figurative” knowledge, in which an individual retains the configuration of an 

object (as in a mental image) and “operative” knowledge, where the emphasis 

falls upon transforming the configuration (as in the manipulation of the image) 

(p. 179).  The recently published The Master Teacher ((a), 2003) informed 

educational instructors that having a student draw pictures and make 

pictographs is a strong symbolic teaching strategy.  The process of 

transforming a mental image into a physical representation helps students gain 

a stronger grasp of relationships, applications, and conceptual subtleties (The 

Master Teacher (a), 2003). 

A twentieth-century architect and artist Le Corbusier provides an 

example by talking about the struggle an artist faces in capturing objects: 

 
Our concept of the object comes from a total knowledge of it, a 
knowledge acquired by the experience of our senses, tactile knowledge, 
knowledge of its material, its volume, its profile of all its properties.  And 
the usual perspective view only acts as the shutter release for the 
memory of these experiences (Gardner, 1983 p.196). 

  
In other words, if a person has experienced an event, they are much better at 

representing or interpreting that event. 

 
Grade Level and Semesters Enrolled 

 In some Montana agricultural education programs, students are provided 

the opportunity to change class enrollment status each semester.  For example, 

a student may be enrolled for one semester of agricultural education and be 
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forced to drop out of the program to complete a required college entrance 

course.  Therefore, an eleventh grade student, potentially in this study, may be 

enrolled in their first semester of agricultural education, while classmates may 

have upward to six to eight semesters of agricultural education.  Consequently, 

there may be a range of agricultural knowledge in a class.   

 Kirasic (2000) reported that older adults do not perform as well as 

younger adults on spatial tasks.  Blaut (2003) reported that Piagentian theorists 

believe that children up to the late elementary grades are unable to cope with 

abstract ideas such as spatial concepts.  Thus, the grade level of individuals 

involved in this study is critical.  Eleventh and twelfth grade students are 

considered young adults.  Therefore, these students should be able to 

demonstrate spatial cognitive abilities, were ninth graders and tenth grader 

students may have not fully developed their spatial cognitive abilities.  

 
Gender 

There have been discussions for numerous years about the effects of 

gender in spatial cognition.  Moffat, Hampson and Hatzipantelis (1998), state 

that there is evidence favoring males in spatial performance, which is one of the 

most reliable of all cognitive gender differences in humans.  These studies 

indicate that males outperform females on a diverse set of spatial tests that 

require manipulation and transformations of geometric figures and forms (Moffat 

et al., 1998).  In the study conducted by Sharps, Price and Williams, (1994) 

men performed at higher levels than women in the spatial instruction conditions, 
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but no gender differences were observed under non-spatial instructions.  These 

differences may be diminished or obviated by addressing the nature of spatial 

representation through linguistic description of spatial layout and the study of 

cognitive maps (Hayward and Tarr, 1995).  There have been studies that used 

2D maps to determine if gender differences were prevalent in navigating 

through a town.  In one study, males retained superior knowledge of geometric 

properties of the map, females recalled more landmarks (Moffat et al., 1998).  

Even though spatial ability between males and females are widely 

acknowledged, there is considerable dispute as to the magnitude of these 

differences (Linn and Petersen, 1985). 

 
Residence 

 One of the demographic factors to be included in this research is place of 

residence.  This decision was based on Blaut, Stea, Spencer and Blades (2003) 

research.  They report that geographical space has some fundamental and very 

important differences from object space.  Not only does the geographic space 

and object space influence spatial cognition, but is also influenced by the 

culture in which one is raised or lives.  Blaut et al. (2003) report that studies 

should be conducted to determine the influence of culture on children’s ability to 

use map-like models.  This idea is supported by Mark et al. (1999) which report 

that a persons view of geographical space is based on referenced information 

obtained through life experiences.  While no research was found comparing 

agricultural experience with city experiences, the place of residence appears to 
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have the ability to influence spatial cognition.  The referenced information of an 

individual raised in rural Montana is likely different from an individual raised in a 

larger Montana city.   

GIS Experience 

 Wright, Goodchild and Proctor (1997) indicate that GIS as a tool involves 

the use of software, hardware, and digital graphic data in order to achieve some 

specific purpose.  Shelhamer (personnel communication, February 10, 2003) 

reported that GIS is a tool to enhance the ability to explore and discover 

relationships between variables such as fertilizer rate, soil conditions or yield.  

Thus, it appears that the use of GIS has the ability to influence how one 

conceptualizes data and the development of referenced information.  Since, 

ArcView ® 3x has been given to every public school within the state of Montana 

there is the potential for every student to have utilized GIS software.  These 

experiences may influence students’ spatial cognitive abilities.   

 
Summary 

 
Prior to the development of GIS, spatial ability testing required that 

subjects performed imagery manipulation of geometric figures with paper and 

pencil.  Using GIS technologies, movement through animation or the 3D world 

may require different visual computations than imaginary object rotations or 

manipulations.  It is often taken for granted that studies investigating spatial 
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navigation or manipulation are pertinent to our understanding of spatial 

cognition (Moffat et al., 1998).   

Spatial cognition is important in working with spatial data.  In 1997, the 

National Research Council indicated that GIS software is difficult to learn and 

expensive, therefore there was a need for user friendly and less expensive 

software.  In addition, there was an urgent need to make GIS more functional 

for nonspecialists to learn and allow for a transfer of spatial cognition.  Six years 

later in 2003, companies are seeking employees who understand and can think 

spatially.  Some examples include companies that engage in mineral appraisal 

on a provincial scale globally, (Knox-Robinson and Gardoll, 1998), precision 

farming, urban development and natural resource applications. All United 

States Department of Agriculture (USDA) agencies have been mandated to 

begin using GIS in their operations and decision-making processes. 
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METHODOLOGY 

 
 

Introduction 
 

 
In the preceding chapters, an explanation of the research and knowledge 

base regarding spatial cognition is presented.  This chapter is concerned with 

the methodology and procedures employed in collecting and analyzing the 

resulting data.  This chapter is separated into the following sections: 1) Design 

of the Study, 2) Population Selection, 3) Selection Process, 4) Instrument 

Design, 5) Instrument Validation, 6) Pilot Test, 7) Data Collection Methods, 8) 

Data Analysis Procedures, and 9) Summary. 

 
Design of the Study 

 
 This was a descriptive study.  The purpose of this study was to 

determine Montana agricultural education 11th and 12th grade students spatial 

cognition abilities when viewing agriculture production and satellite images 

projected in two-dimensions or three-dimensions.  To accomplish the objectives 

of the study the researcher developed a series of 2D and 3D images and a 

series of multiple-choice and open-ended questions.   
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Population Selection 
 

 The population for this study consisted of students from selected 

Montana secondary agricultural education programs during the Fall Semester of 

2003.  On August 26, 2003, all Agricultural Education instructors in Montana 

were e-mailed via MetNet, a state wide list serve, a description of the research, 

criteria to participate, and a request for their students’ participation in the study 

(Appendix A).  On September 1, 2003 a follow up e-mail was sent to all 

agricultural teachers in Montana (Appendix B).  Criteria to participate were that 

the class size be 10-15 students enrolled in 11th or 12th grade. 

Eight of the 72 Montana agriculture education programs responded, met 

the criteria, and were willing to participate in the study.  School location was 

determined and two schools were dropped due to travel distance and difficulty 

in fitting the schools into the travel schedule and time frame.  In addition, the 

remaining schools provided sufficient enrollment of 106 students.  The 

Agricultural Education programs in the following schools were selected for this 

study: Big Timber, Columbus, Conrad, Park City, and Shields Valley. 

 
Selection Process 

 
The selection for 2D and 3D grouping was accomplished in the following 

manner.  The researcher determined the class size and grade that met the 

criteria for each selected school by contacting the instructor in the selected 

programs.  Each class name and enrollment was written on a slip of paper and 
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placed in a bowl.  Using the fish-bowl technique, these classes were randomly 

selected as either being selected to participate in the 2D or 3D group.  The 

results of this process placed 55 students in 2D and 51 students in 3D.  Due to 

the procedures used in this study, results from this purposeful sample can only 

be related to 11th and 12th grade Montana agricultural education students that 

participated in the study.   

The instructors in the selected programs were contacted for possible 

dates for conducting the research.  The instructors were provided information 

about the topics to be covered, time frame needed to conduct the research, and 

possible relationship to their curriculum.  Instructors were required to obtain 

approval from school administration prior to conducting the research.  The 

dates of participation were October 8th Shields Valley, 9th Conrad, 10th 

Columbus and Park City, and 13th Big Timber.  This schedule was arranged due 

to travel distance and proximity of schools.   

 
Instrument Design 

 
 A review of literature was conducted to identify studies that had 

previously been conducted on this topic.  No similar studies were identified 

hence, the instrument for this study was created by the researcher.  The data 

for creating images were obtained from Dr. Dan Long of Montana State 

University (MSU) Northern Agriculture Research Center, Havre, Montana; Mary 

O’Neill, Office of Remote Sensing, Engineering Resource Center at South 
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Dakota State University, Brookings, South Dakota; and Doug Weist of 

EWGeotech Innovations, Choteau, Montana.  The data sets consisted of 

elevation models, fertilizer application rate, moisture levels, soils properties, 

crop yields, and satellite imagery.  The researcher worked in cooperation with 

Doug Weist of EWGeotech Innovations, using ESRI’s ArcView ArcGIS ® 8.2 

software to generate 136 3D images from these data sets.  To ensure similarity 

of views used in each part of the study, selected 3D images were reproduced to 

a 2D view. A total of 36 images were used in the 2D portion of the study.  The 

images were exported out of ArcGIS ® into a JPEG (a graphical file) format.  

Satellite images used were in a standard false color, 4, 3, 2 combination.  All 

images were incorporated into PowerPoint presentations, one for the 2D portion 

of this study, and one for the 3D portion of the study.  The images were 

arranged so that easier spatial cognitive concepts were at the beginning.  The 

more difficult concepts were displayed later in the presentation.  An automatic 

time delay was added to each image within PowerPoint to allow for consistent 

viewing time during each presentation.  

Once the images were incorporated into Microsoft PowerPoint, questions 

were developed for each set of images.  A total of nine sections consisting of: 

field elevation, soil organic matter, soil nitrogen, soil pH, soil texture based on 

electro conductivity using Veris technology, barley yield, satellite imagery, 

relationships between yield, slope and elevation, and student interest.  Twenty-
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three questions were comprised based on information present in the 

PowerPoint images.  

To ensure consistency between presentations, images were placed on a 

time base.  With the total allotted time for each question being the same for 2D 

and 3D questionnaires.  The first PowerPoint slide of each section contained a 

title, image, legend, scale and question number identifier.  A question number 

identifier was added to the images to ensure that the students were answering 

the question that corresponded with image shown.  The total time frame for 

viewing images was determined by the number of images required in the 3D 

presentation.  The amount of time allocated to each question was identical in 

the 2D and 3D presentation.  For example, a 3D section may have contained 10 

slides to create the 3D effect, while 2D only required 3 slides.  The total viewing 

time for the 3D was two minutes and five seconds.  This same amount of time 

was allocated to view the 3 slides in the 2D presentation. 

A series of questions were developed to collect demographic information 

about those selected variables.  This portion of the instrument was placed on 

the back of the last page.  This page was the first page that the students saw 

and completed prior to viewing images and receiving instructions concerning 

the procedure being used.  This helped ensure that students were not exposed 

to questions about images ahead of time. 
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Instrument Validation 

 
The images and questionnaire were designed to collect data needed to 

answer the objectives of this study.  A panel of experts consisting of graduate 

committee members and university researchers viewed the 2D PowerPoint 

presentation and questionnaire for content validity and face validity.   

The same process was used for validation of the 3D instrument.  The 

differences being that the images were simulated in a 3D mode using a time 

sequence PowerPoint presentation.  The reason for using a simulated method 

was to ensure consistency between presentations to different classes.  The 

researcher recognized that it would be extremely difficult to replicate the 3D 

presentation using ArcGIS®.  In addition, the panel of experts recommended 

the use of PowerPoint to ensure consistency between presentations.  Following 

the reviews, the instrument was modified based on feedback from the panel.   

 

Pilot Test 

 
The population for this pilot test consisted of students enrolled in 

agricultural education at Arlington High School in Arlington, Washington.  The 

selection of the pilot study school was based on the fact that the instructor was 

a former Montana agricultural instructor who volunteered his classes.  In 

addition, the Washington students would likely have no direct contact with 

Montana students participating in the study.  This helped ensure that no bias 
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between students would occur.  The pilot test was used to identify any areas 

that needed further clarification.  The instructor was given instructions on the 

procedure to conduct the pilot study.  He was asked to provide feedback on the 

effectiveness of the instrument.  All instruments and comments were returned 

from the pilot site and reviewed.  Upon review of the comments from the pilot 

test, in an attempt to clarify, the instrument was modified by changing wording 

of several questions.  Following modifications, the questionnaire was deemed 

ready for use.   

 
Data Collection Methods 

 
 The researcher traveled to each school to collect the data.  The 

agriculture instructors allowed the researcher a 50-minute class period to collect 

the data.  At the start of each class period the researcher introduced herself and 

gave a brief explanation about the research.  Students were encouraged to give 

honest responses to help ensure validity of the research.  Based on prior 

selection of either the 2D or 3D presentation, the instrument was color coded to 

ensure accurate recording of data.  A set of instructions was read to the class.  

Following Witkins Group Embedded Figures Test model, each class was shown 

two, 2D images relating to moisture and soil electro conductivity.  They were 

asked, “which color represents the highest moisture content.”  The purpose of 

doing this was to help the students understand the procedures to be followed 

during testing.   



 31

Data Analysis Procedures 

 
 The data were entered into Statistical Packages for Social Sciences ® 

(SPSS 11.0) software.  The data were coded as either 2D or 3D to ensure 

accurate analysis.  Seventeen of the questions were multiple choice questions 

that had a right or wrong answer.  The responses to these 17 questions were 

entered into Microsoft Excel to create the tables.   

To determine if there was any difference between the schools, students’ 

responses for each school were combined.  Analysis of variance procedures 

where used to determine if schools could be treated as one group or had to be 

treated as separate programs.  Results found that there was no significant 

difference between the selected programs in 2D and 3D.  Therefore, the data 

were combined by 2D or 3D groups and compared using an independent 

sample t-test.  A one way analysis of variance (ANOVA) procedure was also 

conducted to determine if identified demographic groups differed significantly 

when comparing means on the 17 questions.   

The researcher calculated the Kuder-Richardson formula 20 (KR20) 

reliability statistic for the 17 2D and 3D questions that had a correct or incorrect 

answer.  Analysis indicated that the reliability of the 17 question 2D questions 

had an alpha of 0.2826 and 3D alpha of 0.5068.  An alpha of .80 was the 

desired goal.  Dr. Art Bangert, Assistant Professor in Educational Statistics at 

Montana State University (personal communications, December 3, 2003), was 

consulted to determine why the instrument produced a low alpha.  Several 
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explanations can be offered.  One explanation is that there were 9 different 

sections to the instrument.  Each section tested a different concept or 

knowledge area with 2 to 4 questions per section.  Because the KR20 is a split 

half test, subject contents of each half were likely different, resulting in a low 

alpha.  Also, there were too few questions on a concept to develop a good 

reliability alpha.  A better measure of the reliability would have been to 

administer the test several days later and then computed reliability in a test 

retest manner. 

The mean test score and standard deviation for 2D and 3D were 

generated for the combined 17 questions.  A mean and standard deviation was 

determined for each question.  In addition, the data were grouped by the 

selected demographic variable of student age, grade level, semesters enrolled 

in agriculture, gender, place of residence, and GIS experience.  A mean and 

standard deviation were determined based on these groupings.   

 The remaining questions were open-ended, allowing for student 

responses. These responses were placed into a table containing all comments.  

Similar comments were grouped by the researcher and the frequencies were 

determined.  Student comments can be viewed in Appendix G, H, I, and J.  
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RESULTS OF THE STUDY 
 
 

Introduction 
 

The purpose of this study was to determine Montana agricultural 

education 11th and 12th grade students spatial cognition abilities when viewing 

agriculture production and satellite images projected in two-dimensions or 

three-dimensions.  The data presented in this chapter are based on the 

responses from Montana Agricultural Education students from five different high 

schools.  To satisfy the objectives of the study, the results were cross-

referenced with selected demographic information.  The analysis of data are 

presented under the following headings:  1) population, 2) comparison of 

groups, 3) age, 4) grade level, 5) semesters enrolled, 6) gender, 7) residence, 

and 8) GIS experience. 

 
Population 

 
 A total population of 106 students responded to the 23 questions that 

were a part of the questionnaire.  Because classes were intact groups, it was 

impossible to assign students randomly to either 2D or 3D.  Each class of 

students was randomly assigned to either view 2D or 3D images.  The intended 

population for the study was 11th and 12th graders.  Therefore, the four 10th 

grade students who completed the questionnaire were removed from the study. 
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Color blindness is a condition that may have affected a students’ ability 

to interpret the images.  Students were asked to indicate if they were colorblind, 

so analysis could be made on how those students viewed images.  One student 

indicated color blindness.  To protect the identity of the student during data 

analysis, the student was removed from the study.  

 The data in Table 1 shows that 50 students were presented 2D images 

and the questionnaire.  The other 51 students were shown 3D images and 

asked the same questions as the 2D students.  The data in Table 1 also 

indicate program participation in the study.  The largest 2D population was from 

Big Timber (24, 48%) with Conrad (14, 28%) second.  In the 3D group, the 

largest population was Columbus (15, 29.4%) followed by Park City (15, 29.4%) 

Shields Valley and Big Timber provided a class for both 2D and 3D test. 

 

Table 1. Schools participating in 2D and 3D.   

     2D  3D 
Schools   n % n % 
Big Timber 24 48.0 12 23.5 
Columbus   0   0.0 15 29.4 
Conrad  14 28.0   0   0.0 
Park City   0   0.0 15 29.4 
Shields Valley 12 24.0   9 17.7 
Total   50 100 51 100 

 

 The information in Table 2 shows the students’ range of age.  There 

were 23 (46%) 16 year olds, 18 (36%) 17 year olds, and 7 (14%) 18 year olds 

who participated in the 2D study.  There were 14 (27.4%) 16 year olds, 26 
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(51%) 17 year olds, and 11 (21.6%) 18 year olds who participated in the 3D 

study.   

 

Table 2.  School participation by age. 

 2D  
  Age 16       Age17  Age 18  

Schools   n  %   n  % n  % 
Big Timber* 7 14.0   10 20.0 5 10.0 
Columbus 0   0.0     0   0.0 0   0.0 
Conrad  9 18.0     3   6.0 2   4.0 
Park City 0   0.0     0   0.0 0   0.0 
Shields Valley 7 14.0     5 10.0 0   0.0 
Total         23 46.0   18 36.0 7 14.0 

 3D  
Big Timber* 5 9.8     5     9.8 2   3.9 
Columbus 5 9.8     8   15.7 2   3.9 
Conrad  0 0.0     0     0.0 0   0.0 
Park City 4 7.8     8   15.7 3   5.9 
Shields Valley 0 0.0     5     9.8 4   7.9 
Total      14 27.4   26 51.0 11  21.6 
*Not included from Big Timber 2D one 15 year old and one 19 year old 
 

 The information found in Table 3 indicates the grade level of students 

during the time of the study.  In the 2D group, there were 35 (70%) students 

indicating they were in grade 11, while 15 (30%) of the students were in grade 

12.  In the 3D grouping, there were 19 (37.3%) 11th grade students and 32 

(62.7%) 12th grade students.   

 

 

 

 



 36

Table 3.  Students grade level at time of study. 

         2D         3D   
  Grade 11  Grade 12 Grade 11  Grade 12  

Schools   n % n % n %  n % 
Big Timber 14 28.0 10 20.0 9 17.7   3   5.9 
Columbus   0   0.0   0   0.0 2   3.9 13 25.4 
Conrad    9 18.0   5 10.0 0   0.00   0   0.0 
Park City   0   0.0   0   0.0 8 15.7   7 13.7 
Shields Valley 12 24.0   0   0.0 0   0.0   9 17.7 
Total   35 70.0 15 30.0 19 37.3 32 62.7 

 

Table 4 data shows the number of semesters enrolled in an agriculture 

education course for 2D students.  In the 2D grouping, the number of students 

enrolled in 1 or 2 semesters was 6 (12%), while 10 (20%) students had 

completed 3 or 4 semester, 23 (46%) had completed 5 or 6 semesters), and 10 

(20%) indicated enrollment in 7 or 8 semesters.  Only 1 (2%) student had been 

enrolled in 9 or more semesters. 

 

Table 4.  Semester enrollment for the 2D group. 
 

   Semesters   
  1 or 2 3 or 4 5 or 6    7 or 8 

Schools   n % n % n % n % 
Big Timber* 6 12.0 6 12.0 6 12.0 5 10.0 
Columbus 0   0.0 0   0.0 0   0.0 0   0.0 
Conrad  0   0.0 2   4.0 7 14.0 5 10.0 
Park City 0   0.0 0   0.0 0   0.0 0   0.0 
Shields Valley 0   0.0 2   4.0 10 20.0 0   0.0 
Total   6 12.0 10 20.0 23 46.0 10 20.0 

* Indicates one student not shown on table had completed 11 or 12 semesters 
9 or 10 and 11 or 12 semesters were removed to maintain margin accuracy 

 

 The information in Table 5 reveals the number of semesters 3D students 

had been enrolled in agriculture education classes.  The number of students 
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enrolled in 1 or 2 semesters was 8 (15.7%).  Fifteen (29.5%) students had been 

enrolled for 3 or 4 semesters while 11 (21.6%) students had participated in 5 or 

6 semesters 11 (21.6%), and 11 (21.6%) students had been enrolled in 7 or 8 

semesters.  Five (9.8%) students had participated in 9 or 10 semesters, while 

only 1 (2%) student had been enrolled in 11 or 12 semesters.  

 

Table 5.  Semesters enrolled for the 3D group. 
 

  1 or 2 3 or 4 5 or 6 7 or 8 9 or 10 

Schools   n % n % n % n % n % 
Big Timber 3 5.9 6 11.8 3 5.9 1 2.0 0 0.0 
Columbus* 4 7.8 3   5.9 2 3.9 3 5.9 2 3.9 
Conrad  0 0.0 0   0.0 0 0.0 0 0.0 0 0.0 
Park City 1 2.0 5   9.8 5 9.8 2 3.9 1 2.0 
Shields Valley 0 0.0 1   2.0 1 2.0 5 9.8 2 3.9 
Total   8 15.7 15  29.5 11 21.6 11 21.6 5 9.8 

* Indicates one student removed from 11 or 12 semesters. 
11 or 12 semesters were removed to maintain margin accuracy. 

 

 The data arranged in Table 6 shows the distribution of school students 

by gender.  The data indicate that 21 (42%) females participated in the 2D 

group, while 11 (21.6%) females were in the 3D group.  The data reveal that 29 

(58%) males participated in the 2D group, while 40 (78.4%) males were in the 

3D group.   
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Table 6.  Gender participation in 2D or 3D. 

    Female 2D Male 2D Female 3D Male 3D 
Schools   n % n % n % n % 
Big Timber 7 14.0 17 58.0 5 9.8 7 13.7 
Columbus  0   0.0 0   0.0 2 3.9 13 25.5 
Conrad  8 16.0 6 12.0 0 0.0 0   0.0 
Park City  0   0.0 0   0.0 4 7.9 11 21.6 
Shields Valley 6 12.0 6 12.0 0 0.0 9 17.6 
Total   21 42.0 29 58.0 11 21.6 40 78.4 

 

Table 7.  Students place of residence. 

    2D 

  Town  Farm/Ranch  Live in town/work 
on ranch  

Schools   n % n % n % 
Big Timber 0   0.0 15 30.0 9 18.0 
Columbus 0   0.0   0   0.0 0   0.0 
Conrad  2   4.0   7 14.0 5 10.0 
Park City 0   0.0   0   0.0 0   0.0 
Shields Valley 4   8.0   6 12.0 2   4.0 
Total   6 12.0 28 56.0 16 32.0 
    3D 
Big Timber 3   5.9   6 11.8 3   5.9 
Columbus 9 17.7   3   5.9 3   5.9 
Conrad  0   0.0   0   0.0 0   0.00 
Park City 3   5.9   4   7.8 8 15.7 
Shields Valley 0   0.0   4   7.8 5   9.8 
Total   15 29.4 17 33.3 19 37.3 

 

 Table 7 information displays the primary residency for students per 

school in the 2D and 3D groups.  In the 2D group, 6 (12%) students indicated 

that they lived in town, 28 (56%) resided on a farm or ranch, while 16 (32%) 

lived in town, but worked on a farm or ranch.  Data on the residency of the 3D 

group indicates that 15 (29.4%) students lived in town, 17 (33.3%) lived on a 

farm or ranch and 19 (37.3%) responded that they lived in town but worked on a 
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farm or ranch.  There was 8 (28 + 16 -17+19) more students with farm or ranch 

experience in the 2D group. 

The data in Table 8 reveal the students’ responses to previous 

experience with geographic information systems (GIS).  Among the 2D 

students, 20 (40%) responded yes they had previous GIS experience while only 

9 (17.6%) students in the 3D group responded that they had previous GIS 

experience.  The remaining 29 (58%) students in the 2D group responded that 

they did not have previous GIS experience, as did 42 (82.4%) students in the 

3D group.   

 

Table 8.  GIS experience by school. 

     2D  3D 
       Yes  No       Yes        No  

Schools   n % n % n % n % 
Big Timber 7 14.0 17 34.0 2   3.9 10 19.6 
Columbus 0   0.0 0   0.0 3   5.9 12 23.5 
Conrad  13 26.0 1   2.0 0   0.0   0   0.0 
Park City 0   0.0 0   0.0 1   2.0 14 27.5 
Shields Valley* 0   0.0 11 22.0 3   5.9 6 11.8 
Total   20 40.0 29 58.0 9 17.6 42 82.4 

*Indicates 1 did not respond in 2D 
 

Comparison of Groups 

 
 The questionnaire contained 18 questions that had right or wrong 

answers.  However, upon further analysis it was determined that there was no 

correct answer to question 18.  Therefore, the question was removed, leaving 

17 questions to be analyzed and included in this study.  These 17 questions 
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were scored with a 1 for a correct response and 0 for an incorrect response.  

Data in Table 9 exhibits the mean score and standard deviation of the 17 

questions that had a correct or incorrect answer.  In the 2D group, the mean 

was 8.58 with a standard deviation of 2.04.  The 3D group had a mean of 8.31 

and standard deviation of 2.43.  An independent sample t-test was conducted to 

determine if there was a significant difference between the average 

questionnaire score for the 2D and 3D groups.  Results found that there was no 

statistical significant difference on the average questionnaire score for 2D and 

3D students, t(99) = .595, p = .553. 

 

Table 9.  Mean and standard deviation for the 17 questions. 

  M* SD 
2D 8.58 2.04 
3D 8.31 2.43 

* Total possible score was 17 
 

The information in Table 10 shows the percentage of students who had 

correct responses range from 8% to 90% for the 2D group.  The 3D group 

varied from 19.61% to 92.16% correct responses.  The questions that were 

answered correctly by less than 40% of the students in both 2D and 3D groups 

were: identify the number of points classified as having the highest elevation 

(2D, 36%; 3D, 39.2%), identification of visual relationship between elevation 

and organic matter (2D, 24%; 3D, 19.6%), identifying a nitrogen distribution 

patterns (2D, 20%; 3D, 21.6%), identifying relationship between elevation and 

pH (2D, 32%; 3D, 27.5%), and identifying elevation by color (2D, 8%, 3D; 
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31.4%).  It is interesting to note that questions about relationships between 

elevation, organic matter, and pH were answered incorrectly by a high 

percentage (>68%) of students.   

Students who viewed images in 3D scored higher on the following 

questions: identification of color of elevation (3D, 52.9%; 2D, 44%) identification 

of highest concentration of nitrogen (3D, 66.7%; 2D, 54%), identifying elevation 

by color (3D, 31.4%; 2D, 8%), identifying aspect within an image, (3D, 41.2%; 

2D, 32%) and recognition of different shades of red within the image (3D, 

90.2%; 2D, 84%). 

 Viewing an object in 3D may provide more information for the students to 

process.  However, more information may have caused the students to 

misinterpret the data, adding to the number of incorrect answers.  Questions in 

which the 2D group scored higher are: number or different levels of organic 

matter (2D, 88%; 3D, 80.4%), identify elevation of field organic matter, (2D, 

60%; 3D, 51%), and use of prior knowledge to identify alfalfa field (2D, 52%; 

3D, 29.4%). 

 Using a standard of 5%, the researcher counted the number of 

questions that had an advantage for 2D or 3D.  If there was less than a 5% 

difference, it was classified as having no difference.  For 8 questions, viewing in 

2D or 3D made no difference in the score.  Viewing an image in 3D was 

advantageous for 6 questions, while viewing in 2D was a benefit for 3 

questions. 



  

Table 10.  Students’ responses to the 17 questions. 

            2D* 3D** 

Topic of question 
        

Correct 
responses 

% 
correct 

Incorrect 
responses  

% 
incorrect 

Correct 
responses 

% 
correct 

Incorrect 
responses 

% 
incorrect 

Determine points of highest elevation  18 36.0 32 64.0 20 39.2 31 60.8 

Identification of the elevation of color    22 44.0 28 56.0 27 52.9 24 47.1 

Identification of irregularities within the field  30 60.0 20 40.0 30 58.8 21 41.2 

Identification of the highest percentage of organic matter 45 90.0   5 10.0 47 92.2 4   7.8 

The number of different levels of organic matter 44 88.0   6 12.0 41 80.4 10 19.6 

Identifying elevation of field organic matter  30 60.0 20 40.0 26 51.0 25 49.0 

Identification of visual relationship between elevation and organic matter 12 24.0 38 76.0 10 19.6 41 80.4 

Identification of highest concentration of nitrogen 27 54.0 23 46.0 34 66.7 17 33.3 

Identifying a nitrogen distribution pattern  10 20.0 40 80.0 11 21.6 40 78.4 

Identifying relationships between elevation and soil pH 16 32.0 34 68.0 14 27. 5 37 72.6 

Identifying a pattern within the image  21 42.0 29 58.0 20 39.2 31 60.8 

Determining section of field with highest yield 39 78.0 11 22.0 43 84.3 8 15.7 

Identifying elevation by color     4   8.0 46 92.0 16 31.4 35 68.6 

Use of prior knowledge to identify an alfalfa field 26 52.0 24 48.0 15 29.4 36 70.6 

Identification of aspect within an image  16 32.0 34 68.0 21 41.2 30 58.8 

Recognition of different shades of red within the image 42 84.0   8 16.0 46 90.2  5   9.8 

Determine relationship between plant density, crop yield and elevation 33 66.0 17 34.0 34 66. 7 17 33.3 
*n = 50 
** n = 51 

42 
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 In an effort to ascertain what students were seeing and how they 

responded to an image and question, each question was examined.  Table 11 

displays students’ responses to the number of points classified as having the 

highest elevation.  In the 2D group, 20 (40%) students indicated 2 high points, 

while 19 (37.3%) indicated the same in the 3D group.  Five (10%) students 

indicated that there were 5 high points in the images in 2D.  In the 3D group, 8 

(15.7%) students responded there were 5 high points.  By adding the 

percentages for more than 2 points, it was ascertained that 40% of the 2D 

group and 47% of the 3D group identified more than 2 points.  

 

Table 11.  Students’ responses to the identification of the number of points 
classified as having the highest elevation within the 2D and 3D 
images. 

 

              2D     3D 
Choice   n* %   n* % 

0  1   2.0  1  2.0 
1  3  6.0  3  5.9 

  2** 20 40.0 19     37.3 
3  5 10.0  5  9.8 
4  1   2.0  5  9.8 
5  5 10.0  8     15.7 
6  4  8.0  5  9.8 
7  1  2.0  0  0.0 
8  0  0.0  0  0.0 
9  2  4.0  1  2.0 

10  1  2.0  0  0.0 
11  0  0.0  0  0.0 
12  0  0.0  0  0.0 
13  1  2.0  0  0.0 

Total   44     88.0    47        92.3 
* Indicates not all students responded, % based on 50 2D and 51 3D students. 
** Indicates correct response.   
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 Data on students’ ability to correctly identify the correct elevation color is 

presented in Table 12.  Twenty-three (46%) students indicated area of low 

elevation in 2D group, 21 (42%) selected area of highest elevation, and 6 (12%) 

thought area of middle elevation were the correct elevation color.  In the 3D 

group 26 (51%) students indicated area of low elevation, 16 (31.4%) selected 

area of highest elevation, and 8 (15.7%) thought area of middle elevation was 

the correct elevation color. 

 

Table 12.  Students’ ability to correctly identify the elevation color within the 2D 
and 3D images.  

 

           2D         3D 
Choice     n % n* % 

Area of highest elevation 21 42.0 16 31.4 
Area of middle elevation  6 12.0  8 15.7 
Area of lowest elevation** 23 46.0 26 51.0 
Total     50     100 50 98.1 

* Indicates 1 student did not respond 
** Indicates correct response. 
 

 Table 13 information shows the students ability to identify field 

irregularities in 2D and 3D images.  Thirty-one (62%) students answered yes, 

while 18 (36%) indicated no they could not see field irregularities in the 2D 

image.  Twenty-nine (56.9%) students responded yes and 20 (39.2%) replied 

no they could not see any field irregularities in the 3D images. 
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Table 13.  Students’ ability to identify field irregularities within the 2D and 3D 
images. 

 

    2D           3D 
Choice              n* % n* % 
Yes** 3 62.0 29 56.9 
No 1 36.0 20 39.2 
Total 4 98.0 49 96.1 

* Indicates not all students responded. 
** Indicates correct response. 
 

 The responses in Table 14 indicate students’ ability to identify high 

organic matter within the 2D and 3D images.  Forty-six (92%) students 

responded black and 4 (8%) indicated dark gray for the 2D group.  Forty-six 

(90.2%) students indicated black, 3 (5.9) chose white, and 2 (3.9%) responded 

dark gray in the 3D group. 

 

Table 14.  Students’ ability to identify high organic matter within the 2D and 3D 
images. 

 

 2D  3D 
Choice  n % n % 
Black**  46 92.0 46 90.2 
White   0  0.0  3  5.9 
Light Gray   0  0.0  0  0.0 
Dark Gray   4  8.0  2  3.9 
Total  50 100 51 100 
** Indicates correct response. 
 

 Table 15 data show the students’ responses to identifying the levels of 

organic matter displayed in 2D and 3D.  Within the 2D group, 45 (90%) students 

correctly signified there were 5 levels of organic matter.  In the 3D group, 40 

(78.5%) students correctly responded that there were 5 levels of organic matter 
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present.  In the 3D group, there were 7 (2+1+4) students who thought there 

were less than 5 levels of organic matter and there were 4 (2+2) who thought 

there were more than 5 levels.  This compares to only 5 students, 3 (2+1) 

indicating less than 5 and 2 (1+1) indicating more than 5 for the 2D group. 

 

Table 15.  Students’ responses to identifying the levels of organic matter 
displayed in 2D and 3D images.  

 

 2D       3D  
Choice n % n % 

1  0   0.0  2   3.9 
2  0   0.0  0   0.0 
3  1   2.0  1   2.0 
4  2   4.0  4   7.8 

  5** 45 90.0 40 78.5 
6  1   2.0  2   3.9 
7  0   0.0  0   0.0 
8  1   2.0  2   3.9 

Total 50 100 51 100 
** Indicates correct response. 
 

 The data presented in Table 16 indicates students’ identification of 

elevation with regards to color classification of organic matter.  In the 2D group, 

30 (60%) students signified low elevation, 6 (12%) indicated middle elevation 

and 13 (26%) choose high elevation.  In the 3D group, 26 (51%) students 

responded low elevation, 6 (11.8%) chose middle elevation, and 19 (37.3%) 

signified high elevation.  Viewing the image in 3D resulted in 19 (37.2%) 

students incorrectly identifying the elevation while 13 (26%) of the 2D group 

missed the correct elevation.   
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Table 16.  Students’ response to the color classification of organic matter with 
regards to elevation shown in 2D and 3D.  

 

    2D 3D 
Choice   n* % n % 
Low elevation** 30 60.0 26 51.0 
Middle elevation  6 12.0  6 11.8 
High elevation 13 26.0 19 37.2 
Total   49 98.0 51 100 

* Indicates 1 student did not respond 
** Indicates correct response. 
 

 Data contained in Table 17 represents students’ responses to the 

relationship between elevation and percent of organic matter.  In the 2D group, 

27 (54%) students replied yes, 12 (24%) responded no, and 11 (22%) indicated 

that I don’t know if there is a relationship between elevation and percent of 

organic matter.  In the 3D group, 31 (60.8%) students replied yes, 10 (19.6%) 

responded no, and 10 (19.6%) indicated that I don’t know if there is a 

relationship between elevation and percent of organic matter. 

 

Table 17.  Students’ identification of a relationship between elevation and 
organic matter when viewing 2D and 3D images. 

 

  2D           3D  
Choice n % n % 
Yes 27 54.0 31 60.8 
No** 12 24.0 10 19.6 
I don't know 11 22.0 10 19.6 
Total 50 100 51 100 
** Indicates correct response. 
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 The information in Table 18 depicts the students’ selection of the area 

within the image having the highest nitrogen level.  Each area of the image 

contained a letter.  Students were to select one letter that represented the 

highest level of nitrogen.  The area of the image labeled A was the correct 

response.  Twenty-eight (56%) students in the 2D group responded A, and 33 

(64.7%) students in the 3D group responded A.  The colors used to distinguish 

between A and B were close shades of green.  This might explain why 11 

(22%) students selected both A and B as having the highest levels of nitrogen 

within the 2D group, while 12 (23.5%) chose both A and B within the 3D group.   

 

Table 18.  Students’ responses to identification of the highest area of nitrogen 
classification in 2D and 3D images. 

 

    2D 3D 
Choice   n* % n* % 
A**  28 56.0 33 64.7 
B   6 12.0  2   3.9 
C   0  0.0  0   0.0 
D   1  2.0  0   0.0 
E   2  4.0  2   3.9 
A and B  11 22.0 12 23.5 
Total   48 96.0 49 96.0 

* Indicates not all students responded. 
** Indicates correct response. 
 

 The information found in Table 19 is the students’ response to 

identification of nitrogen distribution pattern within 2D and 3D images.  The 

student responses in the 2D group to a nitrogen distribution pattern was 34 

(68%) indicated yes, 11 (22%) responded no and 5 (10%) I don’t know.  The 

student responses in the 3D group to a nitrogen distribution pattern were 30 
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(58.8%) yes, 10 (19.6%) no and 11 (21.6%) I don’t know .  Eleven students in 

the 3D group compared to 5 students in the 2D group responded I don’t know.   

 

Table 19.  Students’ responses to identification of a nitrogen distribution pattern 
within 2D and 3D images. 

 

 2D          3D  
Choice n % n % 
Yes 34 68.0 30 58.8 
No** 11 22.0 10 19.6 
I don't know   5 10.0 11 21.6 
Total 50 100 51 100 
** Indicates correct response. 
 

Table 20 indicates students’ responses to identifying a relationship 

between elevation and soil pH.  In the 2D group, 20 (40%) students responded 

yes there is a relationship, 17 (34%) indicated no, and 13 (26%) signified I don’t 

know.  In the 3D group, 25 (49%) students responded yes, there is a 

relationship, 13 (25.5%) indicated no, and 13 (25.5%) signified I don’t know.  

Five (25-20) more 3D students indicated there was a relationship between 

elevation and soil pH, than did the 2D students.   

 

Table 20.  Students' responses to identification of a relationship between 
elevation and soil pH in 2D and 3D images. 

 

   2D          3D 
Choice n % n % 
Yes 20 40.0 25 49.0 
No** 17 34.0 13 25.5 
I don't know 13 26.0 13 25.5 
Total 50 100 51 100 
** Indicates correct response. 
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 Table 21 presents the students’ responses to identification of a color 

pattern within 2D and 3D images.  Among the 2D students, 21 (42%) students 

selected the flowing pattern response, 10 (20%) expressed I don’t know, 9 

(18%) chose a random pattern, 6 (12%) signified no pattern, and 4 (8%) 

responded a pattern created by farming practices.  Among the 3D students, 20 

(39.2%) chose a flowing pattern, 11 (21.5%) expressed I don’t know, 6 (11.8%) 

indicated a random pattern, 9 (17.7%) signified no pattern, and 4 (7.8%) 

responded a pattern created by farming practices.  

 

Table 21.  Students’ responses to identification of color pattern within 2D and 
3D images. 

 

       2D  3D 
Choice   n %  n % 
Repeating pattern  0  0.0  1   2.0 
Random pattern  9 18.0  6 11.8 
Pattern created by farming practices  4  8.0  4   7.8 
Flowing pattern** 21 42.0 20 39.2 
No pattern   6 12.0  9 17.7 
I don't know 10 20.0 11 21.5 
Total  50 100 51 100 
** Indicates correct response. 
 

 Table 22 data represents the students’ responses to which section of a 

field had the highest yield.  In the 2D group, 40 (80%) students and 42 (82.3%) 

students in the 3D group correctly identified the west half of the field as having 

the highest yield.  While 9 (18%) of the students in the 2D group and 8 (15.7%) 

students in the 3D group indicated the east half of the field. 
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Table 22.  Students’ responses to which section of a field had the highest yield 
when viewed in 2D or 3D. 

 

 2D  3D 
Choice n % n % 
East  9 18.0  8 15.7 
West** 40 80.0 42 82.3 
South  0  0.0  1  2.0 
North  1  2.0  0  0.0 
Total 50 100 51 100 
** Indicates correct response. 
 

 Data in Table 23 presents the students’ responses as to why a section of 

a field was red.  Among the 50 students in the 2D group, 22 (44%) indicated low 

yield, 19 (38%) reported high elevation, 5 (10%) responded high yield and 4 

(8%) expressed low elevation.  Among the 51 students in the 3D group 18 

(35.3%) indicated low yield, 15 (29.4%) indicated high elevation, 2 (3.9%) 

responded high yield and 16 (31.4%) expressed low elevation.  The major 

difference between the two groups was that 16 (31.4%) students in the 3D 

group correctly identified low elevation compared to only 4 (8%) of the 2D 

group.  

 

Table 23.  Students’ responses as to why a section of a field was red when 
viewing the field data in 2D or 3D. 

 

 2D  3D 
Choice n % n % 
Low elevation**   4   8.0 16      31.4 
High elevation 19 38.0 15 29.4 
Low yield 22 44.0 18 35.3 
High yield   5 10.0   2   3.9 
Total 50 100 51 100 
** Indicates correct response. 
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The data presented in Table 24 indicates students use of prior 

knowledge to identify a field previously planted in alfalfa.  Among the 2D 

students, 26 (52%) selected the east side, 21 (42%) indicated the west side, 1 

(2%) signified south side and 1 (2%) responded the north side.  Among the 3D 

group, 15 (29.41%) students selected the east side, 34 (66.6%) indicated the 

west side, 1 (2%) signified the south side and 1 (2%) responded the north side.  

On this question, students in the 2D group correctly identified the eastside of 

the field at a much higher percentage (26, 52%) than did the 3D students (15, 

29.4%).   

 

Table 24.  Students’ ability to identify portion of a field that was previously 
planted in alfalfa when viewing yield data in 2D and 3D images. 

 

 2D  3D 
Choice n* % n % 
East side** 26 52.0 15 29.4 
West side 21 42.0 34 66.6 
South side   1   2.0   1   2.0 
North side   1   2.0   1   2.0 
Total 49   98 51  100 
* Indicates 1 student did not respond 
** Indicates correct response. 
 

 Table 25 data depicts students’ ability to identify used color field 

conditions within a satellite image.  Students were allowed to check more than 

one response because there were two possible correct responses based on the 

image.  The students’ responses in 2D were 36 (27.9%) indicated disease, 21 

(16.3%) responded bare soil, 19 (14.7%) indicated weeds, 23 (17.8%) 

responded drowned out spot, 22 (17.1%) signified poor plant stands, and 8 
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(6.2%) indicated high point in the field.  Among the 3D group, 29 (22.5%) 

students selected disease, 28 (21.7%) responded bare soil, 17 (13.2%) 

indicated weeds, 28 (21.7%) responded drowned out spot, 20 (15.5%) signified 

poor plant stands, and 7 (5.4%) indicated high point in the field.   

 

Table 25.  Students’ ability to identify field conditions within satellite imagery 
when viewed in 2D or 3D. 

 

    2D  3D 
Field Conditions   n* % n* % 
Disease  36 27.9 29 22.5 
Bare soil**  21 16.3 28 21.7 
Weeds  19 14.7 17 13.2 
Drowned out spot** 23 17.8 28 21.7 
Poor plant stands 22 17.1 20 15.5 
High point in field   8   6.2   7   5.4 
Total   129 100       129 100 

* exceeds 2D and 3D population due to multiple responses. 
** Indicates correct response. 
 

 The information in Table 26 indicates the students’ response to the effect 

of aspect within a field.  Because of the nature of a 2D image, there is no 

correct way to determine the effect of aspect.  In the 2D group, 16 (32%) 

students replied yes they could determine the effect of aspect in the image, 

while 11 (22%) responded no, and 23 (46%) indicated I don’t know.  In the 3D 

group, 21 (41.2%) students indicated yes they could identify the effect of 

aspect, while 8 (15.7%) responded no, and 22 (43.1%) indicated that I don’t 

know.  
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Table 26.  Students’ ability to identify the effects of aspect within a field image 
projected in 2D and 3D. 

 

  2D  3D  
Choice n % n % 
Yes 16 32.0 21 41.2 
No** 11 22.0   8 15.7 
I don't know 23 46.0 22 43.1 
Total 50 100 51 100 
** Indicates correct response. 
 

 Table 27 presents students’ ability to see different shades of red within a 

2D and 3D image.  In the 2D group, 43 (86%) students replied yes they were 

able to see different shades of red, while 7 (14%) responded no they didn’t see 

different shades.  In the 3D group, 45 (88.3%) students replied yes to seeing 

shading, 4 (7.8%) responded no to seeing different shades, and 2 (3.9%) 

indicated I don’t know.  Later in this chapter, Table 33 will describe what the 

students thought were the causes of the different shading. 

 

Table 27.  Students’ ability to determine if different shades of red existed  
within a 2D and 3D image. 

 

 2D  3D  
Choice     n % n % 
Yes**    43 86.0 45 88.3 
No      7 14.0   4   7.8 
I don't know      0   0.0   2   3.9 
Total    50      100 51 100 
** Indicates correct response. 
 

Information contained in Table 28 represents students’ ability to see 

relationships between plant density, crop yield, and elevation.  In the 2D group, 

33 (66%) students replied yes there was a relationship, while 5 (10%) 
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responded no relationship, and 12 (24%) indicated that I don’t know.  In the 3D 

group, 34 (66.6%) students replied yes there was a relationship, 3 (5.9%) 

responded no relationship, and 14 (27.5 %) indicated I don’t know if there is a 

relationship between plant density, crop yield and elevation. 

 

Table 28.  Students’ ability to determine if a relationship existed between plant 
density, crop yield, and elevation in 2D and 3D images. 

 

 2D             3D  
Choice  n %        n % 
Yes**  33 66.0        34 66.6 
No    5 10.0          3   5.9 
I don't know 12 24.0        14 27.5 
Total  50 100        51 100 
** Indicates correct response. 
 

 Students were asked, what their level of interest was when viewing the 

images.  Data on students’ interest level when viewing images in 2D or 3D are 

presented in Table 29.  Among 2D students, 15 (30%) students expressed that 

they were bored, 12 (24%) indicated somewhat interested, 20 (40%) responded 

curious, and 2 (4%) explained that they were excited and stimulated.  Among 

3D students, 22 (43.1%) students expressed that they were bored, 15 (29.4%) 

indicated somewhat interested, 10 (19.6%) responded curious, and 3 (5.9%) 

were very interested, and 1 (2%) explained that they were excited and 

stimulated.  When examining the levels of interest, the data show that a higher 

percentage of the 3D students were bored (3D, 43, 14%; 2D, 15, 30%).  Forty 

percent of the 2D were curious compared to only 19.6% of the 3D group.  
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Table 29.  The effects of viewing images in 2D and 3D on their interest level. 

             2D 3D 
Choice     n* % n % 
Bored   15 30.0 22 43.1 
Somewhat interested  12 24.0 15 29.4 
Curious  20 40.0 10 19.6 
Very interested    0   0.0   3   5.9 
Excited and stimulated   2   4.0   1   2.0 
Total     49 98 51    100 

* Indicates 1 student did not respond 
 

Student Interpretation of Images 
 

 Students were asked to describe what they saw in various images.  The 

researcher’s summaries of students’ responses were placed in Tables 30, 31, 

32, 33, and 34.  

Table 30 shows a summary of students’ description of irregularities seen 

within Figure 1.  The students’ responses in the 2D group were 19 (73.1%) 

described elevation changes, 4 (15.4%) explained field shape, 2 (7.7%) 

responded I don’t know, while 1 (3.8%) indicated color changes were present.  

The students’ responses in the 3D group were 18 (60%) described elevation 

changes, 4 (13.3%) explained field shape, 4 (13.3%) responded I don’t know, 

and 2 (6.7%) indicated that color changes were present.  
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Table 30.  Summary of students' description of irregularities seen in the 2D and 
3D image. 

 

      2D 3D 
Choice          n %  n % 
I don't know      2   7.7   4 13.3 
Elevation Changes    19 73.1 18 60.0 
Field Shape      4 15.4   4 13.3 
Color changes      1   3.8   2   6.7 
Water       0   0.0   2   6.7 
Total         26 100 30 100 

 

 

Figure 1.  Image shown for students to determine field irregularities. 
 
 
 
 The information in Table 31 shows a summary of individual responses to 

what they saw in Figure 2.  For the 2D group, 26 (52%) students indicated 

change in soil pH, 13 (26%) express I don’t know, and 5 (10%) indicated that 

soil conditions were in the image.  For the 3D group, 27 (52.9%) students 

indicated change in soil pH, 17 (33.3%) expressed I don’t know, and 3 (5.9%) 

indicated that soil conditions were present.  
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Table 31.  Summary of individual students’ responses to what they saw in a 
selected 2D and 3D image. 

 

             2D        3D 
Choice          n* %   n* % 
Changes in soil pH    26 52.0 27 52.9 
I don't know    13 26.0 17 33.3 
Soil condition      5 10.0  3   5.9 
Nitrogen levels      2   4.0  0   0.0 
Water amount      1   2.0  0   0.0 
Elevation change      1   2.0  2   3.9 
Total        48 94.0 49 96.0 

*Indicates not all students responded. 
 

Figure 2.  Field image of pH distribution shown to students.  

 
 
 Table 32 data indicate the researcher’s interpretation of individual 

responses to what they saw in Figure 3.  In the 2D group, 17 (34%) students 

expressed I don’t know, 12 (24%) indicated soil structure, and 9 (18%) 

described changes in electro conductivity (EC).  In the 3D group, 17 (33.3%) 

students expressed I don’t know, 1 (2%) indicated soil structure, and 12 

(23.5%) described changes in electro conductivity (EC).  
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Table 32.  Researcher’s interpretation of individual students’ responses to what 
they saw in a selected 2D and 3D image.  

 

      2D 3D 
Choice          n* %  n* % 

I don't know    17 34.0 17 33.3 
Soil structure    12 24.0   1   2.0 
Changes in EC       9 18.0 12 23.5 
Correlation between EC and elevation    4  8.0    6 11.8 
Random mix of everything     4  8.0    8 15.7 
Elevation changes       2  4.0    1   2.0 
Farmland       1  2.0    1   2.0 
Color identification      1  2.0    3   5.9 
Moisture       0  0.0    1   2.0 
Total         50 100  50 98.2 

*Indicates not all students responded. 
 

 

Figure 3.  Image used to determine what students observed. 

 
 
 The information in Table 33 shows the responses as to why different 

shades of red occurred with in Figure 4.  Students were allowed to choose more 

than one response because of the possibility that more than one listed item 

could affect the red shading.  Among 2D students, 37 (38.1%) indicated 

different plant growth stages, 16 (16.5%) selected different fertilization rates, 18 

(18.6%) chose different plant variety, 13 (13.4%) selected different planting 
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dates, and 13 (13.4%) chose different aspect.  Among 3D students, 34 (28.3%) 

chose different plant growth stage, 28 (23.3%) selected different fertilization 

rates, 27 (22.5%) responded different plant variety, 14 (11.7%) chose different 

planting dates, and 17 (14.2%) identified different aspect.   

 

Table 33.  Students’ responses to why different shades of red occurred within 
the 2D and 3D images. 

 

          2D  3D  
Choice n* % n* % 
Different plant growth stage**   37 38.1 34 28.3 
Different fertilization rates**   16 16.5 28 23.3 
Different plant variety**    18  18.6 27 22.5 
Different planting dates**   13 13.4      14 11.7 
Different aspect    13 13.4 17 14.2 
Total 97  100 120 100 
* exceeds 2D and 3D population due to multiple responses  
** Indicates correct response. 
 

Figure 4.  Inferred image used to determine causes of different shades of red. 

 
 
 
 Table 34 shows students’ responses to what they observed in Figure 5.  

Within the 2D students, 22 (44%) students responded I don’t know, 8 (16%) 
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expressed elevation change, 7 (14%) signified dense plant growth, and 7 (14%) 

responded water conditions.  Amongst 3D students, 25 (49%) responded I don’t 

know, 19 (37.3%) expressed elevation change, 2 (3.9%) signified dense plant 

growth, and 2 (3.9%) responded water conditions.  It is interesting to note that 

19 (37.3%) of the 3D group saw elevation changes compared to only 8 (16%) of 

the 2D.  Where as in the 2D group, 7 (14%) identified dense plant growth and 

water respectively.  This compares to only 2 (3.92%) of the 3D group. 

 

Table 34.  Students’ responses to what they observed in field data when 
displayed in 2D and 3D. 

 

    2D 3D 
Choice     n* % n* % 

I don't know     22 44.0 25 49.0 
Elevation change   8 16.0 19 37.3 
Dense plant growth   7 14.0   2   3.9 
Water conditions    7 14.0   2   3.9 
Trees and lakes   1   2.0   1   2.0 
No pattern   1   2.0   0   0.0 
Mixed colors and pattern  1   2.0   0   0.0 
Total     47 94.0 49 96.1 

* Indicates not all students responded. 
 

Figure 5.  Standard false colored field image used to determine what students 
saw in an image. 
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Age 

 
Data in Table 35 exhibits the mean score and standard deviation for the 

17 questions by age of students.  The mean score represents all the students 

who participated in the 2D group or the 3D group.  For the 2D group, 23 

students who were 15 and 16 year olds had a test mean of 8.52, while the 18, 

17 year olds had a test mean of 8.72.  The 7 students who were 18 and 19 year 

olds had a test mean of 8.42.  In the 3D group, 14 students who were 15 and 16 

year olds had a test mean of 8.71, while the 26 whose age was 17 had a test 

mean of 7.92.  The 11 students who were 18 and 19 year olds had a test mean 

of 8.72.  A one way analysis of variance (ANOVA) was conducted to determine 

if age groups differed regardless of survey condition on mean questionnaire 

scores.  Results suggest that there were no differences between age groups, 

F(2,98) = 1.495, p = .747. 

Table 35.  Mean and standard deviation of the 17 questions by age. 

  2D  3D   Total  
  n M* SD n M* SD n M SD 

15 & 16 24 8.52 2.12 14 8.71 2.46 38 8.61 2.19 
17 18 8.72 2.32 26 7.92 2.48 44 8.25 2.42 
18 & 19 8 8.42 1.39 11 8.72 2.37 19 8.57 1.95 

*A total possible score of 17. 
 

Grade Level 
 

Data in Table 36 exhibits the mean score and standard deviation for 

grade level of students at the time of the study.  For the 50 students in the 2D 

group the test mean for 11th grade was 8.45 and 12th grade was 8.86.  For the 



 63

51 students in the 3D group the test mean for 11th grade was 8.42 and 12th 

grade was 8.20.  An independent sample t-test was conducted to determine if 

there was a significant difference between the average questionnaire score for 

grade levels.  Results found that there was no significant difference for 11th and 

12th grade students when comparing average questionnaire scores, t(99) = -

.016, p = .987. 

 
Table 36.  Students mean and standard deviation of the 17 questions by grade 

level. 
 

  2D  3D  Total 
Grade n M* SD n M SD n M* SD 
11 35 8.45 2.16 26 8.42 2.56 61 8.44 2.32 
12 15 8.86 1.76 25 8.20 2.34 40 8.45 2.14 

*A total possible score of 17. 
 

Semesters Enrolled  
 

Data in Table 37 exhibit the mean score and standard deviation for the 

number of semesters that students were enrolled in agriculture classes.  The 

semesters were placed in pairs, as most programs are year long courses 

consisting of two semesters.  In the 2D group, the test mean was 7.83 for 6 

students in 1 or 2 semesters, 10 students enrolled in 3 or 4 semesters had a 

test mean of 9.2, while 23 students enrolled in 5 or 6 semesters produced a test 

mean of 8.39.  Ten students enrolled in 7 or 8 semesters had a test mean of 

8.50.   

In the 3D group, the test mean was 7.87 for 8 students in 1 or 2 

semesters, and 15 students enrolled in 3 or 4 semesters produced a test mean 
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of 8.66.  Ten students enrolled in 5 or 6 semesters produced a test mean of 

6.90, 11 students enrolled in 7 or 8 semesters produced a test mean of 8.72, 

and 5 students enrolled in 9 or 10 semesters produced a test mean 10.20.  A 

one way analysis of variance (ANOVA) was conducted to determine if 

semesters differed on mean questionnaire scores.  Results suggest that there 

was no statistical difference between semester groups, F(5,94) = 1.399, p = 

.232. 

 

Table 37.  Students test mean and standard deviation by number of semesters 
enrolled in an agriculture program. 

 

        2D         3D     Total   
Semesters n M* SD n M* SD n M* SD 
  1 or 2   6  7.83 1.47   8   7.87 2.90 14   7.85 2.31
  3 or 4 10  9.20 1.75 15   8.66 2.49 25   8.88 2.20
  5 or 6 23  8.39 2.29 10   6.90 1.72 33   7.93 2.22
  7 or 8 10  8.50 1.84 11   8.72 2.05 21   8.61 1.90
  9 or 10   0  0.00 0.00   5  10.20 1.78   5  10.20 1.78
11 or 12   1   0.00 0.00   1    0.00 0.00   2   8.00 5.65

*A total possible score of 17. 
 

Gender 

 
As reported by Moffat et al. (1998) in the review of literature, gender has 

been shown to make a difference in spatial cognition.  Data in Table 38 depicts 

the mean and standard deviation for students’’ gender.  In the 2D group, the 

test mean for the females was 8.52 compared to a test mean of 8.62 for the 

males.  The 3D group females had a test mean of 8.63 and the males had a 

test mean of 8.22.  An independent sample t-test was conducted to determine if 
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there was a significant difference between the average questionnaire score for 

gender.  Results found that there was no significant gender difference on the 

average questionnaire score, t(99) = .355, p = .723. 

 

Table 38. Mean and standard deviation by gender for the 17 questions. 

        2D         3D           Total 
Gender  n M* SD n M* SD n M SD 
Female 21 8.52 1.86 11 8.63 2.50 32 8.56 2.06 
Male 29 8.62 2.19 40 8.22 2.44 69 8.39 2.33 

*A total possible score of 17. 
Residence 

 
The images used in this study were of production agriculture.  Hence, it 

was deemed important to determine if place of residence or experience on a 

farm or ranch might influence the test scores.  The information in Table 39 

displays the test mean and standard deviation for place of residency of students 

at the time of this study.  In the 2D group, the students who lived in town had 

the highest test mean (9.50) followed by those who lived in town and worked on 

a farm or ranch (8.56).  This pattern was not true for those in the 3D group as 

the highest mean was for those who lived in town and worked on a ranch or 

farm (8.47).  Those who lived on a farm or ranch had a mean test score of 

(8.35).  A one way analysis of variance (ANOVA) was conducted to determine if 

residence differed on the mean scores.  Results suggest that there were no 

differences between place of residence, F(2,98) = .038, p = .963. 
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Table 39.  Mean and standard deviation of the 17 questions by place of 
residency. 

 
    2D 3D Total 

Residence    n M* SD n M* SD n M SD 
Town  6  9.50 2.25 15 8.06 2.60 21 8.47 2.54 
Farm/Ranch 28  8.39 2.04 17 8.35 2.39 45 8.37 2.15 
Live in town/work on ranch 16  8.56 1.99 19 8.47 2.45 35 8.51 2.22 

  *A total possible score of 17. 
 

GIS Experience 
 

The researcher also felt that having experience with GIS might also 

influence test scores.  Data in Table 40 exhibits the test mean and standard 

deviation for previous GIS experience that the students had at the time of the 

study.  The mean test scores for those with GIS experience ranged from 8.55 to 

8.80, while those with no previous GIS experience ranged from 8.26 to 8.37.  

An independent sample t-test was conducted to determine if there was a 

significant difference between the average questionnaire score for GIS 

experience.  Results found that there was no significant GIS difference on 

average questionnaire scores, t(98) = .835, p = .406. 

 

Table 40.  Mean and standard deviation of the 17 questions by prior GIS 
experience. 

 
  2D  3D Total 
GIS  n M SD n M SD n M SD 
Yes 20 8.80 2.06  9 8.55 2.12 29 8.72 2.05 
No 29 8.37 2.06 42 8.26 2.51 71 8.30 2.32 

*A total possible score of 17. 
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CONCLUSIONS, IMPLICATIONS, AND RECOMMENDATIONS  

 

 This study was a descriptive study using both questionnaire and GIS 

images.  The purpose of this study was to 1) determine students’ abilities to use 

cognition to correctly identify features in 2D images, 2) determine students’ 

abilities to use cognition to correctly identify features in 3D images, 3) compare 

students’ abilities to use cognition to correctly identify features in 2D and 3D 

images related to crop production, and 4) examine the effect of selected 

demographics on students’ ability to use cognition to correctly identify features 

in 2D and 3D images related to crop production.  The selected demographics 

were: age, gender, grade level, semesters enrolled, residence and GIS 

experience.  To fulfill these objectives, 101 Montana Agricultural Education high 

school students in grades 11 and 12 were given a questionnaire and viewed 

either a 2D or 3D PowerPoint presentation.  Listed in this chapter are the 

researcher’s conclusions and recommendations regarding this study. 

 
Conclusions 

 
The procedures used to select the schools and assign a class to either 

2D or 3D images means that results can only be generalized to agricultural 

education students in 11th and 12th grade in those schools.  Based on the 

analysis and summarization of the data, the following conclusions have been 

drawn: 
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1. When viewing 2D images of production agriculture, students were able to 

correctly identify features or attributes present about 50 percent of the 

time.  The mean score on the 17 questions for the 2D group was 8.58, 

which translates into an average of 50.5 percentage correct. 

2. When viewing 3D images of production agriculture students were able to 

correctly identify features or attributes present about 50 percent of the 

time. The mean score on the 17 questions for the 3D group was 8.31, 

which translates into an average of 48.9 percent correct.  

3. Based on the 17 question test scores there was no significant difference 

in students’ spatial cognitive abilities when viewing 2D and 3D production 

agriculture images.  

4. When viewing production agriculture images containing features and 

attributes relative to elevation in 3D, spatial cognition is enhanced.  The 

3D group scored higher than the 2D group on 6 questions.  These 

questions revolved around features and attributes that are influenced by 

elevation.  By viewing the features in the images from different angles 

spatial cognition improved. 

5. Age, grade level, semesters enrolled in agricultural education, gender, 

place of residence and prior GIS experience do not significantly enhance 

spatial cognition.  Gender in this study had little effect on spatial 

cognition when viewing agriculture production images.  This is contrary 

to what the Moffat et al. (1998) reported. 
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6. About one third of students can consistently identify changes in field 

elevation and field shape.  When students were asked what they saw in 

a production agricultural image, they consistently identified elevation 

changes. 

7. Students were interested in learning about 2D or 3D production 

agriculture images.  Sixty-three percent of all students indicated that they 

were curious to excited when viewing these images.  In a school where 

only 2D testing was to be done the researcher showed the students the 

3D images.  As a result, students demonstrated a desire to learn more 

about the agriculture production images. 

 
Implication 

 
 The following implication is offered as a result of this study: 

These data suggests that some images may have too much information 

for the spatial cognition abilities of these students.  With the inclusion of more 

3D viewing opportunities, students may gain more spatial cognition.  The 

overwhelming amount of data may have influenced the answers for some of the 

3D students.  With further development of those skills, the students may be 

better able to interpret the information. 
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Recommendations 

 
 The following recommendations are based both on the research findings 

of this study and the comments made by the students.  The follow-up of these 

recommendations will increase the spatial cognition abilities of high school 

agricultural education students.   

 
Recommendations for Montana Agricultural Education 

1) Montana Agricultural Education teachers need to incorporate GIS 

instruction into their instructional programs to enhance spatial cognition. 

2) The use of satellite imagery and remote sensing technologies need to be 

incorporated into Montana Agricultural Education programs to enhance 

spatial cognition.  Many students had never seen a satellite image prior to 

this study. 

3) Montana Agricultural Educators should incorporate a variety of instructional 

strategies that will enhance spatial cognition. 

4) Agricultural Teacher Education programs should incorporate GIS and basic 

remote sensing in preservice instruction.  Workshops in these subjects 

should be provided to current teachers.  

 
Recommendations for Further Study 

1) The researcher recommends rewriting question 18 as the ability to give a 

correct answer is not present.  In addition, the reliability of the survey 
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instrument should be improved by adding more questions and images 

relating to the topics used. 

2) The color contrast of the images should be reexamined.  The correct 

response rate may improve with color changes.   

3) It would be interesting to record the discussions after the images are 

shown, to capture students’ reactions and thoughts towards the production 

agriculture images. 

4) There needs to be more research conducted on spatial cognition abilities of 

high school students.  Hopefully, this study will serve as a starting point for 

further research in this area. 
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August 19, 2003 
 
Dear Agriculture Educators, 
 
I am working on my master’s degree in Agriculture Education, with a goal of 
completing my thesis by the end of Fall Semester. While teaching agriculture at 
Red Lodge, 2001-2002, I developed an interest in ArcView and all of the 
educational concepts that can be learned with it. Last year my major advisor, 
Dr. Shelhamer became a co-principal investigator in an USDA grant to develop 
and test the educational benefits of view agricultural production data in three 
dimensions. I became very interested in the topic; consequently, my thesis is 
related to determining the effects of view data in two dimensions and three 
dimensions.  Is there a difference in what we can learn by viewing data in three 
dimensional that we cannot learn from a two dimensional view? My  
research will focus on what is it students can learn from these different views.   
The images will relate to production of wheat and sugarbeets and include 
satellite images of the same fields during the production year.  
 
What I am looking for are juniors and senior agricultural classes of at least 10 
students that would be interested in participating in my study. A 90 minutes 
period would be preferred though a 50 minutes class will also work.  I am 
planning to collect this data September 15-31st. I will schedule the time that 
works best for you.  The research will only take one class period for each grade 
level.  The information will be collected through a written questionnaire and 
presentation of various views to ascertain what the students are able to 
determine while studying a view.  A copy of the survey will be sent to you ahead 
of time, along with an activity plan for the period so that you are aware of what I 
will be asking the students.  It is important that the school administration be fully 
aware and supportive of the research being conducted.  
 
If you are willing to help me with my research and to expose your students to 
cutting edge technology, please complete the attached form.  The form can be 
emailed to deanprice8413@msn.com  or mailed to me at 333 Leon Johnson 
Hall, Bozeman, MT  59717.  Please return your response by September 5th. 
 
I appreciate your time and support in helping conduct my thesis research.  
Without your support I will be unable to conduct my research in fulfillment of my 
master’s thesis. 
 
Sincerely, 
 
 
Danielle Price 
 



 81

 
Research Conformation 

 
 
Name: 

  

School District:  

Phone Number:  

Email address:  

Student numbers: ______________________________ 

Name of classes:  

__________________________________________________________  

Preferred date (Sept. 15-31): 

___________________________________________ 

Class period times: ______________________ 
  ___________________________ 
 
In return for your efforts, I would be glad to demonstrate to one of your other 
classes some of the educational concepts that can be learned with ArcView.  If 
interested, please indicate the:  Time of class __________________,  Number 
of students _____________.  
 
Thank you. 
 
The form can be emailed to deanprice8413@msn.com or mailed to me at 333 
Leon Johnson Hall, Bozeman, MT  59717.  Please return your response by 
September 5th 
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Second Letter to Agriculture Education Instructors 
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September 1, 2003 
 
Dear Agriculture Educators, 
 
I am working on my master’s degree in Agriculture Education, with a goal of 
completing my thesis by the end of Fall Semester. While teaching agriculture at 
Red Lodge, 2001-2002, I developed an interest in ArcView and all of the 
educational concepts that can be learned with it. Last year my major advisor, 
Dr. Shelhamer became a co-principal investigator in an USDA grant to develop 
and test the educational benefits of view agricultural production data in three 
dimensions. I became very interested in the topic; consequently, my thesis is 
related to determining the effects of view data in two dimensions and three 
dimensions.  Is there a difference in what we can learn by viewing data in three 
dimensional that we cannot learn from a two dimensional view? My  
research will focus on what is it students can learn from these different views.   
The images will relate to production of wheat and sugarbeets and include 
satellite images of the same fields during the production year.  
 
What I am looking for are juniors and senior agricultural classes of at least 10 
students that would be interested in participating in my study. A 90 minutes 
period would be preferred though a 50 minutes class will also work.  I am 
planning to collect this data September 15-31st. I will schedule the time that 
works best for you.  The research will only take one class period for each grade 
level.  The information will be collected through a written questionnaire and 
presentation of various views to ascertain what the students are able to 
determine while studying a view.  A copy of the survey will be sent to you ahead 
of time, along with an activity plan for the period so that you are aware of what I 
will be asking the students.  It is important that the school administration be fully 
aware and supportive of the research being conducted.  
 
If you are willing to help me with my research and to expose your students to 
cutting edge technology, please complete the attached form.  The form can be 
emailed to deanprice8413@msn.com or mailed to me at 333 Leon Johnson 
Hall, Bozeman, MT  59717.  Please return your response by September 5th. 
 
I appreciate your time and support in helping conduct my thesis research.  
Without your support I will be unable to conduct my research in fulfillment of my 
master’s thesis. 
 
Sincerely, 
 
 
Danielle Price 
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Research Conformation 

 
 
Name: 

  

School District:  

Phone Number:  

Email address:  

Student numbers: __________________ 

Name of classes:  

__________________________________________________________  

Preferred date (Sept. 15-31): 

___________________________________________ 

Class period times: ______________________ 
  ___________________________ 
 
In return for your efforts, I would be glad to demonstrate to one of your other 
classes some of the educational concepts that can be learned with ArcView.  If 
interested, please indicate the:  Time of class __________________,  Number 
of students _____________.  
 
Thank you. 
 
The form can be emailed to deanprice8413@msn.com or mailed to me at 333 
Leon Johnson Hall, Bozeman, MT  59717.  Please return your response by 
September 5th 
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Survey Questionnaire for 2D and 3D Images 
 

 Instructions:  You will see a set of question, with a number in the upper right 

hand corner.  Place the best answer in the blank space provided.  Once the 

image has passed, there will be no returning to that image.  Discussion of the 

images should happen only when the questionnaire is finished, otherwise this 

will bias the study.   Once all the questions have been answered the instructor, 

or I will collect them.  I appreciate your time in this important task. 
 
 
Field Elevation 
 

1) How many area(s) are classified as having the highest elevation in this 
image?  

 
2) _____ What does the light blue area represent in this image? 

a. Highest elevation 
b. Medium elevation 
c. Lowest elevation 
 

3) _____Are there any field irregularities shown in this image? 
a. Yes 
b. No 
If yes, briefly describe what you see. 
_______________________________________________________ 
_______________________________________________________
_______________________________________________________ 
 

Soil Organic Matter 
 

4) _____What color represents the highest percentage of organic matter? 
a. Black 
b. White 
c. Light Gray 
d. Dark Gray 

 
5) How many different levels of organic matter are shown in this image?  
 
6) _____What elevation would you assume the black area represents? 

a. Low 
b. Moderate 
c. High 
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7) _____Does the view show a relationship between elevation and percent 

of organic matter? 
a. Yes 
b. No 
c. I don’t know 
 

Soil Nitrogen 
 

8) _____Using the letters on the image, select the area(s) in this image that 
shows the highest concentration of Nitrogen? 
 

9) _____Is there a nitrogen distribution pattern evident in the field? 
a. Yes 
b. No 
c. I don’t know 

 
Soil pH  
 

10) _____Considering only this image, is there a relationship shown between 
elevation and soil pH? 

a. Yes 
b. No 
c. I don’t know 

 
11) _____The arrangement of the colors in this image indicates a:   

a .  repeating pattern 
b. random pattern 
c.  pattern created by farming practices 
d.  flowing pattern 
e.  no pattern  
f. I don’t know 

 
12)  What if anything, can you determine by examining this image? 

__________________________________________________________
__________________________________________________________
__________________________________________________________ 

 
 
Soil texture based on electro conductivity using Veris technology 
 

13) What if anything, can you determine by examining this image? 
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Barley Yield 
 

14) _____ Which side of the field has the highest overall yield? 
a.  East 
b.  West 
c.  South 
d.  North 

 
 

15) _____Which of the following may have caused the red area on the 
bottom left side of the field? 

a. low elevation 
b. high elevation 
c. no difference, just low yield  

 
 

16) _____One half of this field was planted to alfalfa three years prior to 
planting to barley for the past three years. Using your current knowledge 
of soils and crop production which side would you assume was planted 
in Alfalfa? 

a. East side 
b. West side 
c. South side 
d. North side 

 
 
Satellite imagery 
 

17) If red represents high levels of plant chlorophyll, an indication of active 
plant growth.  What does the light blue represent? (Check all that 
apply) 

a. _____Disease 
b. _____Bare soil 
c. _____Weeds 
d. _____Drowned out spot 
e. _____Poor plant stands  
f. _____High points in field 

 
18)  When viewing this image what color do you assume the high and low 

elevations are? 
a. High ___________ 
b. Low ___________ 
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19) _____Can you detect the effect of aspect (slope of the field in relation to 

the sun) on the yield of this field? 
a. Yes 
b. No 
c. I don’t know 

 
20)  _____Are there different shades of red in the image? 

a.   Yes 
b.   No 
c. I don’t know 
 
If yes, why would there be different shades of red? (Check all 

that apply) 
a. _____Different plant growth stage 
b. _____Different fertilization rates 
c. _____Different planted variety 
d. _____Different planting dates 
e. _____Different aspect  

 
 

Yield, slope, and elevation relationships 
 

21)  _____Is there a relationship between plant density, crop yield, and 

elevation shown in this image?  

a. Yes 
b. No 
c. I don’t know 
 

22) What if anything, can you determine by examining this image? 
__________________________________________________________
__________________________________________________________
__________________________________________________________ 

 
Student Interest 
 
23)_____In viewing these images, were you mentally: 

a. bored 
b. somewhat interested 
c. curious 
d. very interested 
e. excited and stimulated 
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Demographics 

 
Instructions:  Please respond to the following questions by placing a check in 
the correct blank.  This information will remain confidential and only be used to 
group respondents into certain groups.   
 
1) Gender:  Female _______    Male_________ 

2) Age: 15   16    17    18    19   

3) Grade in school: 

 10th  

11th  

12th  

4) Where do you live? 

♦ Town _____  

Have you worked on a farm/ranch?  Yes _____ No _____ 

♦ Farm/Ranch  

 

5) How many semesters of Agriculture Education have you been enrolled in? 

♦ 1._____5._____9._____ 

♦ 2._____6._____10._____ 

♦ 3._____7._____11._____ 

♦ 4._____8._____12 or more._____ 

 

6) Have you worked with geographical information systems (GIS) before? 

 Yes  No  
 

7) Have you been diagnosed as being colorblind? ___________ 

 

Thank You 
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APPENDIX E 
 
 

Two Dimensional and Three Dimensional Practice Images 
 
 

Please See Appendix Pocket in Back of Thesis 
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APPENDIX F 
 
 

Two Dimensional Images for Questionnaire 
 
 

Please See Appendix Pocket in Back of Thesis 
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APPENDIX G 
 
 

Three Dimensional Images for Questionnaire 
 
 

Please See Appendix Pocket in Back of Thesis
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APPENDIX H 
 
 

Complete Response to Question 3 
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Students’ responses to what they saw in question 3 image(s) as displayed in 2D 
and 3D. 

      2D  3D 
Responses*  n % n % 
I don't know   2 7.7 4 13.3 
Elevation Changes 15   7.7 6 20.0 
Indents throughout image   2 7.7 1  3.3 
Cut in field    1 3.9 0  0.0 
White around blue   1 3.9 0  0.0 
Ridges from Center to outside   2 7.7 1  3.3 
Lines    1 3.9 0  0.0 
Low Spots    1 3.9 0  0.0 
Canal or irregularity north from center pivot   1 3.9 0  0.0 
Topographies are uneven and don't match   0 0.0 1  3.3 
Light blue    0 0.0 1  3.3 
Light tan looks irregular   0 0.0 1  3.3 
Water    0 0.0 2  6.7 
Hills and valleys   0 0.0 9 30.0 
Field shape   0 0.0 2  6.7 
Indents in image, white around blue, lines and field shape   0 0.0 1  3.3 
Indents throughout image, low Spots   0 0.0 1  3.3 
Total  26 100 30 100 
* Comments exactly as written by students. 

 
 
 
 



 97

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX I 
 
 

Complete Response to Question 12 
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Students’ responses to what they saw in question 12 image(s) as displayed in 
2D and 3D. 

             2D  3D 
Responses*  n % n % 
I don't know 13 27.1 17 34.7 
When elevation changes, so does pH  2  4.2 15 30.6 
Soil pH increases or decreases by a pattern 17 35.4   8 16.3 
Low nitrogen as moving south-east  2  4.2   0   0.0 
Not good ground  1  2.1   1   2.0 
Where everything is  2  4.2   0   0.0 
Diverse land  2  4.2   2   4.1 
Amount of water in this area  1  2.1   0   0.0 
Dark blue is highest pH  1  2.1   0   0.0 
Elevation change  1  2.1   0   0.0 
Higher pH in some areas  5 10.4   1   2.0 
Different pH in the field  1  2.1   2   4.01 
More pH in northern area  0  0.0   1   2.0 
Hills and fields  0  0.0   1   2.0 
Water, slope and elevation  0  0.0   1   2.0 
Total  48 100 49 100 
* Comments exactly as written by students. 
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Complete Response to Question 13 
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Students’ responses to what they saw in question 13 image(s) as displayed in 
2D and 3D. 

                 2D  3D 
Responses*    n %   n    % 
I don't know 17 34.0 17 33.3 
Higher EC, low elevation 4 8.0 5 9.8 
Can determine type of soil structure 1 2.0 0 0.0 
Medium EC 2 4.0 2 3.9 
Soil texture varies greatly, seems scattered with no reason 8 16.0 1 2.0 
Good EC  1 2.0 0 0.0 
pH even across field 1 2.0 0 0.0 
Very random mix of everything 4 8.0 8 15.7 
Elevation changes  2 4.0 0 0.0 
EC and soil texture 1 2.0 0 0.0 
Saline seep 1 2.0 0 0.0 
Farmland  1 2.0 1 2.0 
White is most EC, brown is lowest EC 1 2.0 0 0.0 
White is most EC, green is lowest EC 1 2.0 0 0.0 
White are have most moisture 1 2.0 1 2.0 
Lost of different EC 3 6.0 2 3.9 
No low or high soil texture 1 2.0 0 0.0 
Higher EC, higher elevation 0 0.0 4 7.8 
Elevation effects EC 0 0.0 1 2.0 
Low moisture 0 0.0 1 2.0 
Soil is not used at low EC 0 0.0 1 2.0 
Moisture and EC 0 0.0 1 2.0 
Mostly green 0 0.0 1 2.0 
Amount of EC 0 0.0 2 3.9 
Highest elevation in northern area 0 0.0 1 2.0 
Speckles of white 0 0.0 1 2.0 
Total  50 100 50 98.0 
Missing 1 in 3D  
* Comments exactly as written by students. 
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Complete Response to Question 22 
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Students’ responses to what they saw in question 22 image(s) as displayed in 
2D and 3D. 

              2D  3D  
Responses*  n % n % 
I don't know       22    46.8    25   51.0 
Plants did better in lower elevations  3 6.4 6   12.2 
Reven in northwest corner   3 6.4 0 0.0 
Dense plant growth    5    10.6 2 4.1 
No pattern     1 2.1 0 0.0 
Mixed colors and pattern   1 2.1 0 0.0 
Run off     1 2.1 0 0.0 
High water concentration   1 2.1 1 2.0 
Trees and lakes    1 2.1 1 2.0 
Better yields, more plants   2 4.3 0 0.0 
Elevation change    3 6.4 3 6.1 
Blue represents river line, right is interstate  1 2.1 0 0.0 
Veins of something, could be nutrients  1 2.1 0 0.0 
Field layout, irrigation    1 2.1 0 0.0 
Relationship of plant density and elevation  1 2.1 1 2.0 
Red is low elevation, blue is highest elevation 0 0.0 1 2.0 
Relationship of irrigation and crop growth  0 0.0 1 2.0 
Red is water, blue is high elevation, green is best planting 0 0.0 1 2.0 
Cracks     0 0. 0 1 2.0 
Brown streaks    0 0.0 1 2.0 
Greater slope and elevation, not yielding very much 0 0.0 2 4.1 
Higher elevation is lighter color   0 0.0 1 2.0 
Blue is high, green is middle, red is lowest elevation 0 0.0 1 2.0 
Slope and yield    0 0.0 1 2.0 
Total  47 100 49 100 
* Comments exactly as written by students. 

 
 
 
 



Practice Image



Practice 2



2-D Images: What can you see?

Danielle Price



Please read instructions to class.
Have everything cleared off the desks.

Then begin.
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Veris technology #13
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Thanks for Participating!



3D Images: Is there more to see? 

Danielle Price



Please read instructions to class.
Have everything cleared off the desks.

Then begin.
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EC Electro conductivity using 
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Satellite Images
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Standard False Color 
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#19

Standard False Color
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Thanks for your participation!



Extra Images 

That you might enjoy?













Questions???


