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Sammanfattning 
 
Visualisering: Den mänskliga hjärnan och utvecklingen av en spatial förmåga i 
undervisning inom strukturgeologi 
Sofia Korhonen & Matilda Ninasdotter Holmström 
 
Förmågan att visualisera objekt och förstå dem är nödvändig för en geovetare, 
speciellt inom strukturgeologi. Därför är det viktigt att studenter på kandidatprogram i 
geovetenskap får tillfälle att lära sig den förmågan. För att implementera 3D-
tänkande i undervisningen har tre strategier tagits fram. Den första är att separera 
och kombinera objekt, vilket inkluderar att se geologiska skillnader och kategorisera 
dem. Den andra är att visualisera ett eller flera objekt och se vilka som är kopplade 
till varandra. Den tredje är att se objekt som är i stilla eller i rörelse, vilket involverar 
geologiska processer. Det är viktigt att ge studenterna tid för att utveckla sin spatiala 
förmåga och att hjälpa dem under utvecklingen. 

Arbetet syftar också till att ta reda på hur visuell information bearbetas av den 
mänskliga hjärnan. Först bearbetas informationen av ögat, sen till geniculate nucleus 
som sorterar informationen och skickar den till det primära visuella cortex som ligger i 
occipital-loben. Därefter processas informationen av ventrala och dorsala stammen 
och det är här som en visualisering produceras. Faktorer så som ålder, tidigare 
erfarenheter och hur ögat uppfattar objekten påverkar hur visualiseringen blir och hur 
svårt individen uppfattar processen. 

Enkätundersökningen visade på att 3D-modeller hjälper studenter att visualisera 
och borde användas mer i undervisning på kandidatnivå. 
 
Nyckelord: Spatial förmåga, kognitiv vetenskap, mänskliga hjärnan, utbildning, 
strukturgeologi, 3D-modellering 
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Abstract 
 
Visualization: The Human Brain and Developing Spatial Ability in Structural 
Geological Education 
Sofia Korhonen & Matilda Ninasdotter Holmström 
 
Spatial ability and the skill to visualize objects is necessary for earth scientist, 
especially structural geologist. For this reason, undergraduate students within earth 
science needs to learn this skills, and how is the best way to teach this skills. To 
implement 3D thinking in undergraduate teaching, three strategies are presented. 
The first one is to separate and combine objects, which includes to see geological 
differences and categorize them. Secondly, visualize objects, both many and single 
ones and see which ones who are connected. Third and lastly is still and moving 
objects which involves geological processes. It is important to give students time to 
develop their spatial abilities and help them during the learning process. 

Another aspect to this is the path of information within the human brain when 
visualizing an object. The result shows that the process starts with the human eye 
which perceive the object and its attributes, then the geniculate nucleus sorts the 
information and directs it toward the visual primary cortex located in the occipital 
lobe. The primary visual cortex then send the information though the ventral- and 
dorsal steam which produces a visualization. Aspects which can affect the spatial 
ability may be earlier experiences, age and the way each person perceive the object. 
These factors effects how hard humans think the process of visualization is. 

The questionnaire showed that 3D models help students to visualize and should 
be used more in undergraduate teaching. 
 
Key words: Spatial ability, cognitive science, human brain, education, structural 
geology, 3D modelling 
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1. Introduction 
Earth science is a field of science where the goal is to find out how, where and when 
the formation and development of planet Earth with all its different attributes 
occurred. In the discipline of structural geology, scientists find the answers to those 
questions within rock structures. These geological structures are not always visible at 
the surface, partly hidden or deformed due to processes such as erosion, uplift, 
sedimentation etc. There are several tools available for structural geologists to help 
them understand the formation and development of an area, but these toolsets are 
limited because they cannot be used in the field. Therefore, structural geologists 
need to visualize the structures themselves. Hence, structural geology requires a lot 
of visualization and spatial thinking (Shipley et al., 2013). Therefore the spatial ability 
needs to be trained early on in university studies to help students develop their 
visualization skills.  

However, many students struggle with visualizing geological structures. 
This thesis tries to answer the questions: Why is it so hard for the human brain to 
process spatial data and visualize geological structures, and why is it easy for some 
people, while others have to practise for years? What is the best way to teach 3D 
thinking in Earth science, should we use 3D models in undergraduate teaching, and 
how do 3D models help to think in 3D? 

The chapters included in this thesis are a literature study, questionnaire 
and two 3D models with two separate tutorials. The task for the first tutorial is to map 
a coal seam that is split by a fault, and for the second tutorial the task is to interpret 
an area displaced by a fault. The research questions are answered by these different 
parts.  
 
 
2. Methods 
 
2.1 Questionnaire  
A questionnaire was handed out to undergraduate and graduate students in Earth 
science. Seven graduate students with major within geology and twelve 
undergraduate students answered the questionnaire. The students answered the 
questions by choosing a number from 1-5, where 1 meant little/easy and 5 meant a 
lot/hard. One question was answered with a free text answer and one with yes or no.  

The undergraduate students were answering one questionnaire in the 
beginning of a course in structural geology and then answered a second 
questionnaire after the course, to see if they experienced an improvement of their 
spatial ability. The questions that were asked in the questionnaires are presented in 
tables 1 and 2. The participants were asked to set their biological gender, to be able 
to see if there were any differences between the genders. 
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Table 1. Questions for graduate and undergraduate students before the course in structural 
geology. 
 
 
Number 

 
Question 
 

 
1 

 
How do you experience your spatial ability? 

2 How hard do you experience 3D thinking?  
3 Does 3D thinking help you to understand geological structures? 
4 Do you think that it is important to have a good knowledge about 3D (structural 

models) when studying geoscience? 
5 Should 3D models be used more in undergraduate teaching? 
6 When you examine a 2D map, how hard is it to visualize it in 3D? 
7 Why is it hard to visualize structures in 3D? Describe shortly! 
 
 
Table 2. Questions for undergraduate students after a course in structural geology. 
 
 
Number 

 
Question 
 

 
1 

 
Do you experience that your spatial ability has improved? 

2 Do you experience it easier to think in 3D? 
3 Does 3D thinking help you to understand geological structures? 
4 Do you think that it is important to have a good knowledge about 3D (structural 

models) when studying geoscience? 
5 Should 3D models be used more in undergraduate teaching? 
6 Do you think it is easier to visualize a 2D map in 3D? 
7 Why is it hard to visualize structures in 3D? Describe shortly! 

 
 
2.2 3D modelling 
The purpose was to create two different tutorials for two different problems which 
structural geologists may encounter. The tutorials are meant to be used by graduate 
students to make a 3D model over an area and solving a geological problem. The 
software used is Move 2014, a 3D modelling program produced for geologists by 
Midland Valley Ltd. More details on how to use Move is presented in the tutorials.  
 
2.3 Literature studies 
Some of the research questions were answered by literature studies.  
 
3. Literature review  
 
3.1 The human brain 
This thesis is divided into two parts which ties together to understand 3D modelling, 
both with a focus on information transport within the human brain and on how to use 
3D models in education. The first part involves the human brain, how visual 
information processes and the ability to visualize geological structures.  
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3.1.1 Neuroscience 
This thesis will involve research within the cognitive science, which defines how 
information is characterized and processed in the human brain (Gärdenfors). The 
science of the human brain is categorized within neuroscience, which also includes 
the function of the nervous system and nerve cells in the peripheral and central 
nervous system (H. Ingvar). The brain is a part of the human body that has been 
given a lot of attention in research, but still scientist do not fully know how the brain 
works and how its different parts are connected. Some researchers even call the 
human brain a biological computer, and in some matters there are similarities 
between the brain and a computer. However, there are also big differences between 
the two, the most obvious one is that the human brain has the ability to feel a 
consciousness, whilst a computer does not (Swanson, 2008).  

In order to easier understand the structure of the human brain, scientists 
have divided the brain into four different parts: great brain (cerebrum), midbrain 
(diencephalon), brainstem and the little brain (cerebellum). These four parts are 
categorized according to different brain functions (Sonesson). The organization of 
different brain functions are not strictly divided by the lobes, but they may serve as a 
rough guide. The great brain contains the functions involving spatial ability and is 
divided into four lobes, or regions. They are named after the bones which overlie 
them: parietal, frontal, temporal and occipital lobes (see figure 1; Swanson, 2008). 
The frontal lobe processes thoughts, plans for the future and controls our mood, but 
also the skeletal muscles and their movement. In the parietal lobe there is a centre 
for touching and temperature signals, attention and memory. The temporal lobe 
involves hearing, language and feelings, but also attributes such as attention and 
memory, which also are encountered in the parietal lobe. The last lobe is the occipital 
one, and it is responsible for vision and the processing of visual impressions 
(Sonesson).  

 

 
Figure 1. Illustration of the human brain and its four different parts and the four lobes: 
occipital, parietal, temporal and frontal. 
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3.1.2 From vision to visualization  
When a structural geologists encounters an object that needs to be visualized, the 
first step is to observe the object and its properties visually. This is done by the retina 
of the eye, which collects information and transfers it to the lateral geniculate 
nucleus, which serves as an organizer of signals and information (SparkNotes, 
2007). To see were the visual information goes after being organized, methods such 
as functional magnetic resonance imaging (fMRI), positron emission tomography 
(PET) and visual evoked potentials can be used. These methods have been used on 
both humans and monkeys in several different studies, and they suggest that 
visualizations are processed by the occipital regions. As previously mentioned, the 
occipital lobe is located in the back of the brain and includes the visual association 
and primary visual cortex, also known as V1 (Vallar & Daini, 2006; Kosslyn et al., 
1995). The study conducted by Kosslyn and colleagues (1995) also showed that the 
position of maximal activity in the brain was related to the size of the visualized 
imagine. They also state that the importance for visualizations lies in the early 
perceptual processes, whilst other studies point more towards the processes, which 
involve colour or object recognition, better known as the later processes (Ward, 
2010). 

Other research claims that there is not only one area in the brain that is 
fully responsible for the different spatial tasks (Colby & Olson, 2008). This means that 
visual information is processed by several parts of the brain, beginning with the V1 
and moving on through two parallel streams, the ventral and dorsal stream (see 
figure 2). The two streams are connected, but they are two separate systems (Colby 
& Olson, 2008). The dorsal stream processes stimuli that happen at the same time 
(Milner & Harvey, 2006). It also has a ruling part in conscious spatial awareness and 
in the analysis of moving visual imagines, whilst the ventral stream has a ruling part 
in recognition of faces and visual patterns (Colby & Olson, 2008). The ventral stream 
is essential for taking a decision based on spatial memory from an earlier event. 
Moreover, since processing of visual data occurs in both the dorsal and ventral 
stream, spatial data processing also happens in both streams (Milner & Harvey, 
2006).  

Structural geologists do not only need to visualize structures, but also 
have to put them into a context to interpret them. A question geologists often ask is 
how any structure is connected with structures at a distance. The part of the human 
brain, which is believed to contain a spatial map of the environment is the 
hippocampus. This part is also essential for the memory, which means that the 
spatial understanding of the environment is associated with the recollection of the 
area (Ward, 2010).  

 

 
Figure 2. The way visual information travels in the human brain. Modified from Vallar & Daini 
(2006). 
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3.1.3 Perception 
Researchers have found that there might be a relationship between the ability to 
visualize objects, colour and space and the perception of these. Ward (2010) states 
that several case studies confirm the relationship between visual imagination and 
visual perception. This means that the ability to visualize different properties of an 
object is associated with the ability to see them and verify their existence. Although 
this relationship can be verified by different case studies, researchers also consider 
the possibility of different mental diseases that may cause problems with visualization 
(Ward, 2010), an aspect that will not be addressed in this thesis. Additionally, to 
visualize an object, the brain needs a stored representation of the object, either from 
a picture or a mental imagine (Ward, 2010). 
 
3.1.4 Aging 
One aspect to why some humans find it harder to visualize 3D objects may be age. A 
young brain differs from an older one, therefore age is a factor, which may affect the 
ability to perform at different cognitive tasks, and the time in which these tasks are 
performed gets longer during aging. Elderly people also show difficulties in 
generating associations between different objects and features. Moreover, elderly are 
poor at alteration and modifications of information (Cavallini & Vecchi, 2006). This 
means that older people should have a harder time to visualize structures in their 
minds. Cavallini and Vecchi (2006) also states that people who have trained to 
visualize are better than the people who have no training, regardless of age. Thus, 
improvement of the spatial ability can be trained. 
 
 
3.2 Structural geological education 
This part of the thesis is concerned with the educational perspective of 3D thinking 
and spatial abilities.  

In structural geology it is important for teachers to learn how to help 
students with spatial difficulties. If the teachers have a great understanding in the 
cognitive part concerning spatial ability, they will have a greater awareness for the 
difficulties students struggle with, and the teaching becomes more effective. There 
are suggestions of strategies that can be used in teaching that are based on 
cognitive science, and structural geologists already working with these strategies 
(Shipley et al., 2013). 

A guideline for spatial discussion has been presented to help structural 
geologists to teach students a better spatial ability and also to improve their own 
studies. A cognitive study shows that there are three differences in spatial ability 
(Shipley et al., 2013). The first is to separate and combine objects, the second is to 
imagine one or more objects in your mind. The third is to think about objects that are 
both still and moving. These three differences are independent of each other, which 
means that all of them have to be considered in teaching and practice (Shipley et al., 
2013).  
 
3.2.1 Teaching strategies 
Shipley et al. (2013) recommend to implement the following strategies to help 
students improve their spatial abilities: 

1. Separate and combine objects: Teach students to see geological 
differences by showing examples with several variations and teach them to 
categorize geological characteristics by showing various examples.  
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2. Visualize objects, single or many: Teach students how spatial scales 
can be linked together with geological features in different ways. Show many 
examples, both positive and negative, how experts are determining which features 
are linked together and which are not. Students are slower at determining which 
geological structures are connected in the beginning of the learning process, 
therefore it is important to give students time. Creating exercises involving sketching 
or building models can help students to understand structures. It is important to both 
help the students with the exercises and focus on the significant parts of them and to 
allow the students to reason on their own. The goal is for the students to be able to 
rotate, modify and change perspective on a geological scene in their mind. 

3. Still and moving objects: Teach students to make connections 
between structures and geological processes. Use physical models, animations and 
numerical methods to illustrate geological processes. Explain and give the students 
time to understand the differences between geometric and kinematic explanations of 
geological structures.  
  If the teachers experience that the challenges are too small for the 
students they can remake the tasks, making them more complicated for a wider 
picture that geologists struggle with. Students will focus on a bigger unit instead of a 
single outcrop and will give a combined picture of individual observations that 
become a mental picture of a structure. By imagining a model of the structures, a 
new perspective can be given to the students. Depending on how the task is 
described, it can be processed differently by the brain although it is the same 
geological problem (Shipley et al., 2013). 
 
 
4. Results 
   
4.1 Questionnaire  
Undergraduate students answered questions before a course in structural geology 
and the graduate students answered the same questions. Figure 3 to 8 show the 
answers from undergraduate and graduate students, divided by gender.  

 
Figure 3. Result of the questionnaire about 3D thinking and spatial ability in structural 
geology. The question asked was How do you experience your spatial ability? The answer 
are divided into BSc and MSc. 1 corresponds to bad and 5 to good.  

0%

20%

40%

60%

80%

100%

BSc, all
n = 12

BSc, male
n = 6

BSc,
female
n = 6

MSc, all
n = 7

MSc, male
n = 3

MSc,
female
n = 4

Question 1

1 2 3 4 5



7 
 

 

 
Figure 4. Result of the questionnaire about 3D thinking and spatial ability in structural 
geology. The question asked was How hard do you experience 3D thinking? The answer are 
divided into BSc and MSc. 1 corresponds to easy and 5 to hard. 
 

 
Figure 5. Result of the questionnaire about 3D thinking and spatial ability in structural 
geology. The question asked was Do 3D thinking help you to understand geological 
structures? The answer are divided into BSc and MSc. 1 corresponds to little and 5 to a lot. 
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Figure 6. Result of the questionnaire about 3D thinking and spatial ability in structural 
geology. The question asked was Do you think that it is important to have a good knowledge 
about 3D (structural models) when studying geoscience? The answer are divided into BSc 
and MSc. 1 corresponds to little and 5 to a lot. 
 
 

 
Figure 7. Result of the questionnaire about 3D thinking and spatial ability in structural 
geology. The question asked was Should 3D models be used more in undergraduate 
teaching? The answer are divided into BSc and MSc.  
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Figure 8. Result of the questionnaire about 3D thinking and spatial ability in structural 
geology. The question asked was When you examine a 2D map, how hard is it to visualize it 
in 3D? The answer are divided into BSc and MSc. 1 corresponds to easy and 5 to hard. 
 
 
Question 7 was asked to undergraduate students before the course in structural 
geology. The question was What is difficult about thinking in 3D? The questionnaire 
was handed out to twelve people, ten answered this question. The following answers 
were given: 
 

”To turn and twist the model in my mind. Eroded faults is also tricky, because you need 
to follow the line in your mind” 
”Sometimes it’s hard to visualize, for example structures on all sides of a cube” 
”It’s hard to visualize in 3D when you have to make up a model on your own” 
”It’s hard to explain! It’s difficult to imagine structures going both upwards and 
downwards and how they proceed, in a map view” 
”Visualizing is difficult when the structures are not shown in a 2D map and how the 
model keeps on going behind the 2D picture” 
”To apply it mathematical” 
”Not to mix up different orientations” 
”The relationship between z, x and y axis” 
”To connect different parts of a not continuous structure, in 2D” 
”It depends on my knowledge about 3D models. I want to see some figures a few times 
in 2D to understand the phenomena before I see it in 3D” 

 
For the graduate students, a different version of the question 7 were asked. The 
question was Why is it hard to visualize structures in 3D? The question was 
answered by seven out of seven asked. The following answers were given. 
 

”Not practice often enough” 
”If you only have a 2D image, you really have to use your imagination to visualize 
something that you can’t actually see” 
“When I try to visualize in 3D the proportions gets thrown off” 
“It is another dimension to consider, and if you are not used to think in 3D it may be a 
bit difficult. I guess it requires some training so to include it more in undergraduate 
courses may help” 
“Tectonics! Better see it rather than just a symbol. (Dip/Strike sign)” 
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“When you are not familiar with the structures i.e. on undergrad, you don’t know what 
you should be visualizing” 
“It is not always easy to imagine the morphology of structures on 2D maps, elevation 
etc” 

 
Figures 9 to 14 show the answers from undergraduate students after the course in 
structural geology, divided by gender. 
 

 
Figure 9. Result of the questionnaire about 3D thinking and spatial ability in structural 
geology. The questions were asked after a course in structural geology and the question 
asked was Do you experience that your spatial ability has improved? 1 corresponds to litte 
and 5 to a lot. 
 

 
Figure 10. Result of the questionnaire about 3D thinking and spatial ability in structural 
geology. The questions were asked after a course in structural geology and the question 
asked was Do you experience it easier to think in 3D? 1 corresponds to little and 5 to a lot. 
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Figure 11. Result of the questionnaire about 3D thinking and spatial ability in structural 
geology. The questions were asked after a course in structural geology and the question 
asked was Do 3D thinking help you to understand geological structures? 1 corresponds to 
little and 5 to a lot. 
 

 
Figure 12. Result of the questionnaire about 3D thinking and spatial ability in structural 
geology. The questions were asked after a course in structural geology and the question 
asked was Do you think that it is important to have a good knowledge about 3D (structural 
models) when studying geoscience? 1 corresponds to little and 5 to a lot. 
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Figure 13. Result of the questionnaire about 3D thinking and spatial ability in structural 
geology. The questions were asked after a course in structural geology and the question 
asked was Should 3D models be used more in undergraduate teaching? 1 corresponds to 
little and 5 to a lot more. 
 

 
Figure 14. Result of the questionnaire about 3D thinking and spatial ability in structural 
geology. The questions were asked after a course in structural geology and the question 
asked was Do you think it is easier to visualize a 2D map in 3D? 1 corresponds to a small 
improvement and 5 to a great improvement. 
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”To not be tricked by all the lines and simplified structures you see in the 2D map” 
”To visualize the model in my mind from all the angles, from a 2D map” 
”The complexity when several layers occur and how they and the structures are 
changing inside of a block diagram (not on the external sides)” 
”To think in the deep” 
”To understand rotations” 
”To predict how the layer sequences will look like in a cross section” 
”To orient structures” 
”To explain for someone else or draw it” 

 
 
4.2 3D modelling tutorials 
 
4.2.1 Coal seam 
The map below shows a coal rich area divided by a fault. A company focusing on 
energy have license to mine coal on one side of the fault. Your task is to determine 
which side of the fault mining is the best and to estimate the amount of coal they can 
extract from the mine. Remember, due to displacement of the fault the sides are 
eroded differently, and the coal seam is about 100 m thick. Make a 3D model of the 
fault in the coal seam using the Move software and decide on which area should be 
mined. 
 

 
Figure 15. Structural geological map used as a foundation for producing a 3D model. 
 
1. Start Move 2014 and create a new file by click File  New. Coordinate system 
window appears and ensure that Geographical parameters and Projection 
parameters both are selected to None, press OK. 
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2. Now you have to insert your map into the program. File  Insert, and then change 
the file format to GIS Data – Raster inc images. Then choose your map and the DEM 
Import window will pop up. Click Next until you see the heading Image location, 
choose Horizontal extents and click next. In the next step called Reference Settings 
you will set the scale on the map. To scale the map you can print out the picture and 
measure it to calculate the distance. Fill in your calculated distances in the box Top 
and Right. Click Load. 
 
3. Now you have your map uploaded in the program. Use the mouse to move around 
the model, by clicking left and rotate the model by clicking right.  

On the left side you have the Model Browser, there you can see Object 
Types, which collect all elements which will appear on your map during modelling. At 
the moment you only have one object, your map.  
 
4. First you have to interpret the map and choose which side of the fault you will 
model. To start modelling with the map, click View in the top panel 2D Map. Now 
you have to redraw the elevation contours to get topography. Click Model building in 
the top panel, choose Line in the Create Lines box Create Line: Map will open on 
the left. Under Creation Mode choose Snap To Point and choose a colour for the 
lines. Set a Z value to get the right elevation of the lines. Draw all elevation contours. 
Look at 3D view and you will see all lines at different elevations. 
 
5. Next step is to create a land surface, select all topographic contours in Object 
types. Then go to Model Building  Surfaces/Volumes  Surface. Create surface 
tool will open at the left, add your topographic contours, name the surface and press 
Create Mesh Surface. 
 To project the map on to the surface, mark the surface by clicking on it in 
3D view, go to Overlay in the bottom bar and select your map.  
 
6. Make geological contacts by choosing 2D view and draw them as lines. Create 
Line: Map  Z values: Surface. Draw the contacts, and every contact needs to have 
at least two lines.  
 When the geological contacts are done select the contact lines, 
Surface/Volumes  Surface  Create Surface Tool choose Create Surface from 
Lines. Collect all the contact lines, name the surface and click Create Surface.  
 
7. Now you can create cross sections, click Model Building  Create Section. At left 
in the tool Multiple Sections choose Create multiple sections using. You automatically 
get ten cross sections, decide how many you need and spread them evenly on the 
surface by move the Range button. Press Create Section. 
 
8. Draw the geological information. Select all trace lines in in Model Browser  
Object types by clicking right and Collect all Intersections. Crosses will appear where 
there are intersections.  
 
9. Now you can find out how the contacts are continuing below the surface by 
structure contours. Go to 2D view and use the Line tool at left to draw structure 
contours. Do not forget to set the correct z value on each line. It is important that the 
structure contours are parallel.  
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10. Look at 3D view, the structure contours outlines the contacts both above and 
below the surface. Now you can draw in the interpretation in the cross sections. Go to 
Model Browser  Collect All Intersections. Open a section by clicking it twice. In this 
case you draw only one line of the interpretation, use the Line tool and draw it 
between the crosses of the structure contours. Repeat this for all cross sections.  
 
11. Create a surface by select the contact lines and go to Model Building  
Surfaces/Volumes Surfaces. Press Collect and then press Create Surface. Now 
you have a contact plane. To double the contact plane, you can copy the surface and 
paste it. Choose Transform tool: 3DView and change the z value to 100 meter below, 
since the layer has a constant thickness of 100m. 
 
12. To create the fault mark the fault with a line - Line tool, draw on the 2D map and 
project to the surface. Choose Create Surface tool, press Create Surface from lines 
 extrusion  Create surface. Then you will have your fault. Set the plunge by using 
the plunge wheel. 
 
13. Create volume between the two contact planes, go to Model Building  
Surfaces/Volumes and choose Volume. At the left 3D Volume Builder Tool opens, 
choose Create Volume Between Horizons and collect the surfaces. Go to Volume 
Type  GeoCellular. Name the volume and press Create Volume. 
 
14. To get the volume of the layer go to Model Browser  Object Types  
GeoCellular Volumes and right-click on Volume click to Object properties. A pop up 
window will appear and you can read the total volume.   
 
 

 
Figure 16. This is an example of how the 3D model can look like produced in Move. 
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4.2.2 Area interpretation 
Your task is to tell the story of this area with a geological interpretation and the 
sequence of events. Make a 3D model over the area which shows the fault and the 
layers crosscut by it.  
 

 
Figure 17. Structural geological map used as a foundation for producing a 3D model. 
 
1.) Start Move 2014.2 and start a new file by clicking File -> New. A popup named 
Coordinate System will appear, make sure Geographic Parameters and Projection 
Parameters are both set to none. Then press OK.  

 
2.) The first thing that needs to be done is inserting the map into the software. Click 
File -> Insert and change the format to GIS Data - Raster inc. images and find the 
file, then press Open. A popup will appear where you will be given different options 
for the picture. Press Next until you are asked to set the Imagine Location. In this 
step you will need to set the scale for the picture. The easiest way to do this is to print 
out the picture in the original size and measure the sides with a ruler to calculate the 
real distance (this means that you need to calculate the scale). Put this distance in 
the boxes named Top and Right, make sure you put the right value in the right box! 
Press Load. 
 
3.) Now you have a map to start modelling with. Before you start modelling, look 
around in the program. The top part of the program has four different panels: Model 
Building, Data & Analysis, Modules and View. The panel which you will use the most 
is the one named Model Building. Here you have a variety of different tools sorted up 
in ten different areas.  
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 On the left side of your screen there is a box named Model Browser. This 
box shows all different elements which are in the model. You can see, organize, 
select, delete and black out elements. Now there is only one item in the Model 
Browser, the picture with the map.  
 In the centre and towards the right there is a square which shows the 
actual model. Use the mouse to move the 3D model around. Left click for moving and 
right click for rotation. 

 
4.) Click the View panel -> 2D map to get a 2D map to work with. The first is to build 
the topography. This is done by drawing lines on the 2D map and define each one 
with their correct elevation. Go back to the Model Building panel -> the area Create 
Lines -> Lines. The lines tool appears where the Model Browser as and the Model 
Browser appears to the left.  

The Line tool has several options, and the ones you need to consider are 
colour and shape of the line, how you want to create the line, Elevation and Set 
Name. Choose a colour and shape which is easy to see, type in an elevation and 
write Elevation in Set Name. This will create a folder or set called Elevation which 
makes it easier to organize all the lines.  

There are several ways in which you can make a line, and the easiest is 
Snap To Point. Click the 2D map to activate that area and then start to draw along 
the elevations lines. End a line by right clicking. Make sure you have written the 
correct elevation for each line! 

 
5.) The next step is to create a land surface. In the Model Building panel -> 
Surfaces/Volumes -> Surface. Select all the topographic lines and press Collect in 
the Create Surface Tool. Name and colour the surface and choose Delaunay 
triangulation and press Create Mesh Surface. Below the model there is a rollup called 
Overlay which enable a projection of the map onto the surface. Choose the picture 
and a projection is made.  
 
6.) Now you have a good model to start the interpretation with. We want to mark out 
the geological contacts to be able to create a surface. In the 2D view, use the tool 
Create Lines and click in On Surface instead of an elevation value. Then select your 
topography surface and draw the contacts, each contact needs to consist of two or 
more lines.  
 
7.) When the lines for the same contact are done, select them and use the 
Surface/Volume -> Surface tool. Choose Create Surface from Lines and press 
Collect. Give the surface a name and press Create Surface. Do this so each contact 
gets a top- and a bottom layer. Also create a surface for the fault by using the same 
technique.  
 
8.) Now you have several layers which are connected on the surface, but we want 
them to extend to the fault. Use the tool named Snap in the Modify Data area. Start 
by clicking the Source Surface (Horizons), which are one of the layers you just have 
created. Secondly, choose a Target Surface (Faults) which is the fault layer. Lastly it 
is important that you press Apply! Do this for all of your layers.  
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9.) To see how the layers intersect the fault, choose the fault Mesh Surface in the 
Model Browser and in the menu below the model, look for the icon of a wineglass. 
Drag the bar or type in a number between 0-100 to make the layer transparent. 

 
 
 
10.) Now you have your model which should be used as a base for your 
interpretation of the area and the sequence of events.  
 

 
Figure 18. An example of how the map can look like produced in Move. 
 
 
5. Discussion 
 
5.1 Literature 
 
5.1.1 The human brain 
The field of neuroscience is fast progressing discipline that constantly discovers new 
ways of internal communication within the human brain. The present theory of how 
humans visualize is that the eye observes an object, the primary visual cortex 
processes the information and the visualization happens in connection between the 
dorsal and ventral stream. Therefore, the information passes quite a lot of diverse 
parts of the human brain before resulting in a picture. This can give several different 
answers to why some humans have a harder time to visualize, since the difficulty can 
lie in different parts of the process. Another aspect to this is that scientists cannot 
guarantee that every human brain works in the same way, which is verified by the 
existence of mental diseases. This means that one human brain might have the 
same transport pattern of visual information as described, but the next brain might 
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have a different one. Since there are a lot of people on Earth, there should be several 
different ways of transport within the human brain. Science can therefore only give a 
general answer to this question which corresponds to the majority of brains.  
 Kosslyn and colleagues (1995) also stated that depending on the size of 
the visualized imagine, the brain processes it differently. This might mean that 
depending on the type of visual imagine, the human brain processes the information 
differently. Different processes may provide different results and there can be variety 
in how hard humans find visualization.  

Additional, one answer to the difference in spatial ability might be the fact 
that people perceive objects, colours and spaces differently. This variance in 
perception gives humans different pictures to start the process with, and therefore 
they could visualize them differently. One example for this phenomenon is a fairly 
simple question: Which colour does the forest have? Is it merely green, or does it 
change colour towards the horizon. In our own experience there are two types of 
answers to this questions: First one is yes, the forest is green and the second might 
be that yes, the forest is green but it is blue towards the horizon. We believe that the 
difference in the answer lies in the perception. Does the brain perceive what it 
expects, a green forest, or does it perceive what the colours actually are?  

Ward (2010) suggested that to be able to visualize an object, there has 
to be a stored representation of the object. This might be why spatial ability is a skill 
which can be trained. While training, Earth science students encounter numerous of 
different objects. Even though the students cannot recall every single one of these 
objects, the brain possibly produced an internal database for representations of 
these. For each new object, the brain perhaps stores a representation which makes it 
easier when encountering a similar object in the future. In contrast, our own 
experience in the field tells that it is not impossible to visualize an object without a 
prestored representation, but it is easier if you have seen the structure or a similar 
one before. 

Age is also a parameter which should be considered, since elderly 
humans experience a loss in spatial ability. However, spatial ability is a skill that can 
be trained during the whole life. But since it is harder to develop a good spatial ability 
when humans grow older, there should be an earlier introduction to 3D thinking. 
Parameters such as biological factors and earlier experiences must be considered, 
since not every human brain works similar.   

Spatial ability is a skill which may not only be useful in Earth science, but 
also other disciplines of science and in the everyday life. One suggestion is to start 
with the process to develop a good spatial ability at a young age, maybe already in 
primary school. 
 
5.1.2 Structural geological education 
Since it is very important for the teacher to help every student when teaching 3D 
thinking the classes cannot contain too many students. If there are too many in one 
group, it is hard for the teacher to help everyone. This might result in that some 
students receive less attention. Some students do need some more time to train their 
spatial ability, which requires the teachers attention. Another aspect is that since 
students need time to develop their spatial ability, the courses cannot be too short 
and have a well thought-out schedule. Universities and institutions have to priority 
these tasks. 
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If teachers have a greater understanding for student difficulties, the 
teaching gets more efficient since the teacher can customize the level of education to 
the students. One possibility is to give teachers an education in the cognitive part of 
3D thinking to ensure that the students get the best education. An aspect which 
needs to be considered is the fact that the teachers require an extra education. The 
teachers and the quality of the education will benefit from this, but is should be 
emphasized that it will require resources, both time and money. 

The strategies Shipley et al (2013) presented in the thesis concerns 
relative parts in the learning process. The first one concerning separate and 
combining objects seeks to teach the students to see geological differences and to 
categorise. In our own experience it is important to have a good knowledge before 
entering the field, but geological features rarely look the same as in the textbook. 
Therefore it is important to see different examples out in the field which gives the 
students a picture of how these can vary. 

The second strategy involves visualizing objects both individually and in 
groups. This strategy also demands time for the students to develop their skills and 
working actively by sketching or building models. In our own experience it made 3D 
thinking easier to work with both physical and computer based models. One example 
of a physical model is to bake a geological cake with different coloured layers. Slicing 
up according to different geological processes enables the students to visualize and 
also makes the learning process fun. It made it easier to see the geological structures 
from different perspectives and visualize the effect of geological processes on the 
structures.  

The third strategy involves still and moving objects, which adds 
geological processes and motion to the visualization. In this strategy it is more 
important to work with geological models of different types. Adding motion into 
visualization is in our own experience hard and one suggestion is to wait with this 
strategy until the students have developed a basic spatial ability. If the parameter of 
motion is introduced too early in the learning process, there is a risk that students get 
confused.  
By customizing the tasks for a specific group or for individual students, the difficulty 
level may be altered depending on the student knowledge. It is important to describe 
the tasks in a good way when remaking it.  
Based on our own experiences as students, these three strategies work well and 
answer our research question about the best way to teach 3D thinking in Earth 
science. We also believe that these three strategies should be implemented in 
undergraduate education. 
 
5.2 Questionnaire and tutorials 
The answers from question 2 show a variety of how hard students experience 3D 
thinking. Overall undergraduate students experience it easier then graduate students, 
which is a surprising result. One reason for this result might be that the graduate 
students mostly consist of international students, which have not done their 
undergraduate and graduate at the same university. This might mean that the 
education of spatial ability is good at this university. Although the undergraduate 
education at this university is good regarding spatial ability, most students did not 
experience a great improvement after the course in structural geology.  
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Amongst both undergraduate and graduate students, women think it 
easier to think in 3D then men. In question 2 asked to the undergraduate after the 
course, the students answered a mean value of 3 which could be interpreted as not a 
significant difference.  

One of the graduate students mentioned that it is hard to visualize 
structures when you are undergraduate student, because you are not familiar with 
the structures. This supports the theory of an internal database of prestored 
representation of different objects. This might mean that humans cannot get used of 
their spatial ability before they have a basic knowledge about geological features.  

One free answer from question 7 suggests that it is hard to visualize 
when you have to make up a model on your own. Therefore we advise that 3D 
models are more used in undergraduate teaching. This advice is supported by 
question 5 in the questionnaire, which all the participants answered with yes. Hence, 
our research question about 3D models should be used more often in undergraduate 
teaching is answered.  

In question 7 asked to the undergraduate students after the course in 
structural geology, the answers suggests that the hard part is to take a 2D map and 
make it into a 3D map in the head. They think it is complex with several layers and 
the interference between them, but also rotating and orienting structures. Therefore 
we conclude that a 3D model helps humans to think in 3D by giving humans a model 
to look at instead of visualize it on their own. In our own experience, by looking at a 
complete 3D model, it gets easier to visualize on your own. Viewing several 3D 
models will help develop a good spatial ability and should therefore be used in 
undergraduate teaching. Moreover, creating a 3D model in Move has helped us to 
improve our spatial ability by allowing us to see the model grow step by step. We 
believe that students will develop their spatial abilities more if they get the opportunity 
to create their own 3D models.  

In the questions asked before the course and for graduate students, 
overall do women believe that their spatial ability is better than the men, and 
visualization helps women further. Contradicting to this, in question 6 undergraduate 
men finds it easier to visualize, whilst graduate women finds it easier. Both genders 
believe it is equally hard to think in 3D and likewise, they believe that it is important 
with a good spatial ability when studying earth science.  

In the questions asked to undergraduate students after the course men 
experience it easier to think in 3D and that their spatial ability has improved. Women 
do still believe that 3D models help the most and also believe that 3D models should 
be used more in undergraduate teaching. Men find it easier to visualize a 2D map in 
3D after the course. 

 
6. Conclusion 
Not every human brains works the same and humans visualize differently and 
depending on the factors of age, and earlier experiences, each person perceives 
objects differently. These three factors are also the reason why some humans finds it 
harder to visualize than others. Spatial ability is a skill which can be trained and is 
easier to train when younger.  

Our recommendation for educating in 3D thinking and spatial ability is to 
follow the three strategies set up by Shipley et al (2013), first, to separate and 
combine objects which include seeing geological differences. Secondly, to visualize 
objects, both single and many, which involves linking together different objects, and 
third, still and moving objects which contains the factor of movement.  
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 The two first strategies can be used early on in the training, whilst the 
third should be implemented when the students already have a basic knowledge in 
spatial ability, since it is harder to add movement to the perspective.  
 
7. Acknowledgements 
We would like to thank our supervisor Steffi Burchardt for helping us through this 
project. She provided us with the maps and skills to produce the 3D model and 
always took time to answer our question, mostly involving the modelling software.  

We also want to thank Tobias Mattson for helping us with the modelling 
software and the tutorial involving the coal seam.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



23 
 

8. References  
Cavallini, E. & Vecchi, T. (2006). Aging and Visuo-spatial working memory. In: 

Vecchi, T. & Bottini, G. (Eds) Imagery and spatial cognition methods, models 
and cognitive assessment. Amsterdam [u.a.]: Benjamins. (Advances in 
consciousness research; 66). pp 187–201. 

Colby, C. L. & Olson, C. R. (2008). Spatial Cognition. In: Squire, L. R. (Ed) 
Fundamental neuroscience. 3rd ed., pp 1091–1111. Amsterdam ; Boston: 
Elsevier / Academic Press.  

Gustafsson, J.-E.Spatial Förmåga. Nationalencyklopedin. Available from: 
http://www.ne.se.ezproxy.its.uu.se/uppslagsverk/encyklopedi/l%C3%A5ng/spa
tial-f%C3%B6rm%C3%A5ga. [Accessed 2015-03-18]. 

Gärdenfors, P.Kognitionsforskning. Nationalencyklopedin. Available from: 
http://www.ne.se.ezproxy.its.uu.se/uppslagsverk/encyklopedi/l%C3%A5ng/kog
nitionsforskning. [Accessed 2015-03-30]. 

H. Ingvar, D.Neurovetenskap. Nationalencyklopedin. Available from: 
http://www.ne.se.ezproxy.its.uu.se/uppslagsverk/encyklopedi/l%C3%A5ng/neu
rovetenskap. [Accessed 2015-03-23]. 

Kosslyn, S. M., Thompson, W. L., Kim, I. J. & Alpert, N. M. (1995). Topographical 
representations of mental images in primary visual cortex. Nature, 378(6556), 
pp 496–496. 

Milner, A. D. & Harvey, M. (2006). Visuomotor control of spatially directed action. In: 
Vecchi, T. & Bottini, G. (Eds) Imagery and spatial cognition methods, models 
and cognitive assessment. pp 297–322. Amsterdam [u.a.]: Benjamins. 
(Advances in consciousness research; 66).  

Shipley, T. F., Tikoff, B., Ormand, C. & Manduca, C. (2013). Structural geology 
practice and learning, from the perspective of cognitive science. Journal of 
Structural Geology, 54, pp 72–84. 

Sonesson, B.Hjärnan. Available from: 
www.ne.se/uppslagsverk/encyklopedi/lång/hjärna. [Accessed 2015-04-21]. 

SparkNotes. Brain Anatomy: Parietal and Occipital Lobes. [online] (2007-12-31). 
Available from: 
http://web.archive.org/web/20071231064003/http://www.sparknotes.com/psyc
hology/neuro/brainanatomy/section5.rhtml. [Accessed 2015-04-20]. 

Swanson, L. W. (2008). Basic plan of the Nervous System. In: Squire, L. R. (Ed) 
Fundamental neuroscience. 3rd ed., Amsterdam ; Boston: Elsevier / Academic 
Press. pp 15–38. 

Vallar, G. & Daini, R. (2006). Visual perceptual processing in unilateral spatial 
neglect. The case of visual illusions. In: Vecchi, T. & Bottini, G. (Eds) Imagery 
and spatial cognition: methods, models, and cognitive assessment. pp 337–
362. Amsterdam ; Philadelphia, PA: John Benjamins Pub. (Advances in 
consciousness research; v. 66).  

Ward, J. (2010). The student’s guide to cognitive neuroscience. 2nd ed. London ; 
New York: Psychology Press. 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	1. Introduction
	2. Methods
	2.1 Questionnaire
	2.2 3D modelling
	2.3 Literature studies

	3. Literature review
	3.1 The human brain
	3.1.1 Neuroscience
	3.1.2 From vision to visualization
	3.1.3 Perception
	3.1.4 Aging

	3.2 Structural geological education
	3.2.1 Teaching strategies


	4. Results
	4.1 Questionnaire
	4.2 3D modelling tutorials
	4.2.1 Coal seam
	4.2.2 Area interpretation


	5. Discussion
	5.1 Literature
	5.1.1 The human brain
	5.1.2 Structural geological education

	5.2 Questionnaire and tutorials

	6. Conclusion
	7. Acknowledgements
	8. References



