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Abstract 
 

This study has examined whether the use of an interactive 3D model of the human 

brain would be a more effective way of teaching it’s anatomy in comparison to a 

traditional, book and paper-based technique. This is based on earlier research on the 

subject of interactivity and learning that is described in the background section of the 

paper.  

A prototype was created consisting of a three dimensional model of the brain with 

several different anatomical structures that could be dissected to provide the user with 

a more accurate sense of the spatial relationship between one structure and another, as 

well as some of the mechanics behind them. 

The study conducted tested the participants’ prior knowledge with a pre-test and, 

following a brief learning period consisting of either a paper-based technique or a 

technique utilizing the prototype, a post-test was performed to assess the knowledge 

the participant had gained. After the tests a short interview was performed were the 

participants could describe whether they preferred one technique over the other and 

what improvements could be made to the prototype. 

Due in part to a small sample size used in the experiment, the results of the testing did 

not give sufficient information to accurately answer the research question, but the 

interviews conducted indicate interest in the technology. With a more developed 

prototype there could be potential for it’s use in the future. 
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1 Introduction 

Not having heard something is not as good as having heard it; having heard it 

is not as good as having seen it; having seen it is not as good as knowing it; 

knowing it is not as good as putting it into practice.  

 

The chinese philosopher Xunzi wrote this in Ruxiao (the teachings of the Ru) (Knoblock, 

1990, p.81) and it refers to the fact that being told and being shown something will give you 

knowledge about something, but you cannot truly understand it until you put it into practice 

yourself.  

 

This paper investigates the use of 3D visualization and Virtual Reality (VR) in education to 

provide a better understanding of complex structures. Being able to dissect the object you 

wish to examine and see how it’s parts fit together and what functions they serve is an 

important part of learning. The use of 3D models may be ideal for this purpose, and the 

addition of VR could provide a greater spatial understanding of the object you examine. 

 

The artifact made for this project is an anatomically correct human brain that can be picked 

apart to inspect and learn about the different parts of the brain and their functions. This is 

based on studies regarding positive effects of interactivity on education, which will be further 

discussed in the background section of this paper. The study section will compare the use of 

this artifact as a learning tool against the use of traditional learning methods. While the plan 

was to use VR technology for my study, technical difficulties with the hardware forced me to 

abandon this. However, possible benefits VR could have had on my prototype will be 

discussed. 

 

The background section of this paper consists of reviews of literature about the role of 

immersion, about VR and it’s relation to spatial ability, about the use of computer games in 

education, as well as the role of interactivity in the learning process. 
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2 Background 

 In this section the theoretical background to the project will be presented. It will begin with 

the role of immersion and what components of immersion are relevant to create the best 

experience, and the use of VR to train a person’s spatial abilities, as well as the use of 

computer games in educational settings, followed by the role of interactivity in the learning 

process.  

2.1 Immersion 

 

Immersion can objectively be defined as the quality a piece of art has in the form of visual 

fidelity, sound design, and in the case of VR, haptic feedback, as opposed to “presence” 

which defines an individual’s subjective reaction to the experience provided by the 

immersive system.  

In the article Virtual Reality: How much Immersion is Enough (2007) Doug A. Bowman and 

Ryan P, McMahan from Virginia Polytechnic Institute and State University examines what 

components of immersion are the most important in order to create an experience that feels 

realistic. This is based on a number of empirical studies that suggests that all components of 

immersion are not as important as others to create a good experience in the context it is 

used. The components Bowman and McMahan mainly investigated were Field of Regard 

(FoR), which is the total area that your virtual environment consist of; stereoscopy, which 

provide the user with a separate screen for each eye to increase depth; display size, 

resolution, Field of View (FoV), reduced visual distractions, and the different ways these can 

be combined. The tasks performed in the experiment were object manipulation for single 

users and co-operatively, search tasks, comparison tasks, spatial understanding, and 

memory tasks. 

Bowman and McMahan began by looking at areas where VR is already in use, which is 

primarily in simulations of different kinds such as military training, phobia treatments for 

things such as public speaking, and in the entertainment industry which has a wide use of 

VR experiences in amusement parks such as Disney World, etc. They believe the reason 

these work so well is that, in order for them to work optimally, these virtual environments 

require  a high sensory fidelity which is as close to the real experience as possible. For 

example, in order for phobia therapy to be effective, it has to trigger the parts of the brain 

that handles the fear so that the patient can get help to treat it. Therefore the VR system 

must create sufficiently realistic circumstances for the brain to react accordingly. Anecdotal 

evidence suggests that auditory and haptic feedback plays a bigger part than the visual 

aspects in this case.   

The goal for Bowman and McMahan is to discover what components are most important for 

the context it is used in so that virtual environments can be more efficiently created, using 

only what is important for that particular system.  

The results of their experiment show that their hypotheses about the positive effects of 

immersion are correct, in particular when using a combination of head tracking, stereoscopy 

and a wide FoR. This combination works well in a scenario where you place an object on a 

virtual workspace and have the ability to walk around it to see it from every angle, just like a 
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physical prototype. An example of an experiment Bowman and McMahan performed 

consisted of investigating the advantages of immersion when visualizing underground cave 

structures. The tests showed that both speed and accuracy improved significantly when 

asking expert spelunkers regarding spatial relationships, possible routes and proximity of 

objects in a virtual environment with head tracking, stereoscopy and wide FoR. The 

participants performed tasks two to three times faster under highly immersive circumstances 

and gave three to ten times more accurate answers to questions. To note though is that 

during the same experiment the participants had trouble locating the caves highest point, 

which shows that this is not true in every case. 

Higher immersion, particularly with the help of stereoscopy, also had a positive effect during 

interaction tasks and when manipulating objects. In this experiment two participants had to 

co-operate. One participant manipulated an object’s position and the other its orientation. 

Accuracy was determined by how many times the objects collided with each other. Users 

with stereoscopic view performed the task twice as fast and made eight times fewer mistakes 

than those without. The experiment also showed that in this case head tracking had no 

positive effect. The results in this test can also be interpreted as another form of improved 

spatial understanding since the test depended on the participants perceiving the scene 

accurately. However, during less complex circumstances, stereoscopy did not seem to have 

much effect on performance. 

Another test showed that higher immersion also decreases information clutter. In this 

experiment display size, which resulted in a higher FoV, and resolution were tested the most 

and both showed a big positive effect on task completion time, with the best results if both 

were combined. This was most likely because a higher FoV lead to easier navigation of the 

virtual environment, making participants less disoriented, and, with added resolution, 

making it easier to read textual information from afar. 

Bowman and McMahan conclude that immersion indeed does seem to have a great positive 

effect on VR, but that further investigation is needed to get more accurate results. 

2.2 VR and Spatial ability training 

 

In Virtual and Augmented Reality as Spatial Ability Training Tools Andreas Dünser, Hannes 

Kaufmann, Karin Steinbügl and Judith Glück (2006) performs a study on the use of virtual 

and augmented reality to train an individual’s spatial abilities. It begins with a review of 

several earlier studies and continues on to discuss studies done by the authors themselves. It 

has a large focus on individual differences and especially differences between genders. This 

paper will focus mainly on the studies most relevant to my project. 

The article begins by explaining certain advantages in using VR as a research tool. VR can be 

used to create environments where a participant can perform test or training that would 

otherwise put them in varying degrees of danger. It also has the benefit of requiring fairly 

small amounts of space, meaning that you can create an environment many times larger than 

the actual room where your hardware is set up, and with the help of VR researchers can very 

easily create the exact same circumstances for every participant, providing them all with the 

exact same stimuli. These are only a few examples of potential benefits of VR. 
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One of the studies mentioned focused on orientation ability and the use of a realistic virtual 

environment. The experiment had their participants navigate through real and virtual setups 

of a maze and analysed the result based on completion time, number of touched barriers and 

paths taken. This experiment showed that short VR training did not have a significantly 

better effect than learning from a map and that immersive conditions using a head mounted 

display were not more effective than using a large screen. It also showed some gender 

differences in the VR environment, with men performing better than women, but no 

significant differences could be found in the real maze. 

They also mention several studies investigating orientation training in virtual environments 

with disabled children. They report that after exploring 3D simulated environments of real 

places a significant improvement could be found in the children’s ability to navigate the real 

environment. A comparison of 2D and 3D training showed that only 3D training was 

effective. 

One study investigated the importance of movement in building up spatial knowledge. It 

showed that being able to move around objects, as opposed to rotating the objects 

themselves, improved the performance in remembering and finding the objects. 

A study performed on architectural students compared the differences in perceiving and 

understanding spatial volumes in 2D, non-immersive (using a big screen) and immersive 

(using a head mounted display) 3D virtual environments. The results showed that 

participants using the 2D conditions were more accurate in rebuilding the volume, but that 

the students in the immersive 3D conditions had a better three dimensional understanding 

of the volume and its components. The conclusion was that the subjects using the 2D setup 

more likely just learned the volume configuration instead of gaining a three dimensional 

understanding. 

Dünser et.al. go on to discuss gender differences regarding performance in VR. Many studies 

show that males seem to perform better at navigating through virtual environments than 

females and that males seem to perform better in terms of navigation speed, navigation 

accuracy and pointing accuracy. Potential reasons for this could be that men and women use 

different navigational strategies, that women are more prone to cyber sickness (motion 

sickness from using VR), or that men are more experienced with games that require 

navigation in virtual environments.  

Under less immersive VR conditions the differences were not as present however. One study 

concluded that women can manipulate 3D objects as efficiently as men, but cannot visualize 

them as well. This could mean that less immersive virtual environments could be a potential 

spatial ability training tool. 

Dünser et.al. conclude that, since VR and AR technology offer possibilities to display and 

manipulate 3D objects, it has great potential to help people understand spatial concepts 

more easily and to help them practice their spatial abilities.  

Their own study investigates using AR to train participants’ spatial abilities. The tests were 

conducted using a program called Construct3D, which is a 3D geometric construction tool, 

which uses a co-operative AR setup and see-through head mounted displays. The subjects all 

had knowledge in geometry. The tests performed were a differential aptitude test, mental 
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cutting test, mental rotation test, and an objective perspective test. The tests consisted of a 

pre- and a post test. 

The results showed that every participant showed improvement in the post test, but this 

could likely be as a result of a general learning effect. Although the women showed better 

improvement, their pre test scores were generally lower than the men in the experiment, and 

therefore had more room for improvement. Because of this Dünser et.al. concluded that 

there was no clear evidence that augmented reality was an effective training tool, but that 

with more development it could have the potential to. They recommend further research on 

the subject. 

2.3 Games and education 

   

2.3.1 Effect of Computer-based Video Games on Children 

 

Effect of Computer-based Video Games on Children: An experimental study By Wei-Fan 

Chen and Tsung-yen Tsuang (2009) examines if the use of computer games in education 

could provide a significant statistical effect on student performance in school. The study 

based itself on this null hypothesis: There are no statistically significant differences in 

students’ achievement when they receive two different instructional treatments: (1) 

traditional computer assisted instructions; and (2) a computer-based video game.  

The hypothesis was based on previous literature concerning the use of computer-based 

instructions in schools and the positive effect it can have on student performance. It goes on 

to discuss the potential of using video games as a learning tool and the fact that video games 

are often disregarded by educators and parents of students as something negative.  

The experiment was performed on a group of 108 third year students from a middle- to high 

socioeconomic school district in Tainan City, Taiwan. 

The subject being taught in the study was firefighting. One group used text based 

instructions while the other group used the real-time strategy game Fire Department 2: Fire 

captain. After completing their respective instructional materials each group performed a 

test designed to assess the learning achievements of each participant.  

The results showed that the students who had used the video game had more effectively 

learned the material and Chen and Chuang concluded that the null hypothesis had been 

disproven. The tests showed that the playing of the game improved the students’ ability to 

correctly recall facts, that it improved the students’ ability to problem solve by presenting 

them with different solutions to the same problem, and that it improved their higher-order 

thinking skills.  There were however no significant difference between the groups when it 

came to analysing similarities and differences, although the group that used the video game 

performed slightly better.   

Some problems with the study can however be observed. The difference in the previous 

experience of playing video games between the students was big; for some students Fire 

Captain was their first ever experience of playing a videogame, while others had played 

games more extensively. The experiment also had a time limit of only forty minutes and 
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because of the difference in previous experience some students could get further into the 

game than others, leading to increased understanding. Forty minutes could also be 

considered too short a time span to take in all the material the students had to learn. In 

addition to this, Fire Captain as a game is not designed with an educational use in mind, 

which could also affect the outcome of the study. 

With this in mind, Chen and Chuang still consider the use of video games in education to 

have potential, and that further studies are needed.  

2.3.2 Interactivity and learning 

 

The role of play in a child’s development is important and a critical part of this is 

interactivity. Learning by Doing and Learning Through Play: An Exploration of 

Interactivity in Virtual Environments for Children by Maria Roussou (2004) examines 

interactivity in relation to learning and play, and to the benefits of virtual reality, such as 

immersion and the creation of illusion.  

Roussou starts out by describing interactivity and its goals. Interaction can be described as 

reciprocal action. Performing an action and receiving a counter action back. This can be done 

between people, people and machine, people and software, and even between machine and 

machine. When used with a video game or other computer software, interactivity can be 

described as the act of inputting information of some kind into the machine and either 

getting new information back or influencing what the machine or software is doing. 

She also mentions comments on interactivity in relation to education from earlier work on 

the subject, saying that there is general agreement on positive effects of interactivity in 

education, citing G.R. Amthor’s argument that people remember about 20% of what they 

hear, 40% of what they see and hear and 75% of what they see, hear and do. Using VR can be 

a more time efficient and more accessible way of practicing things that are not otherwise 

readily available. 

According to established views on learning, it is a great advantage if the learner is able to put 

the subject they are studying into their own personal experience, giving it more meaning and 

importance “constructing” their knowledge on their own. This is the philosophy of education 

called constructivism, founded by Jean Piaget (1973). The student adds on to their 

knowledge by testing ideas based on prior experiences, applying them to new situations and 

integrating them into their prior knowledge. 

Some museums have embraced this idea and created exhibits which permit the visitors to 

touch and manipulate objects, and sometimes even take part in scientific experiments. More 

and more companies, both in the museum and entertainment industry, have also integrated 

virtual experiences with components of learning. 

Jean Piaget, the founder of constructivism, argues that interest, initiative, experimentation, 

discovery, play and imagination are essential to the development of a child’s capacity to 

learn, with play in particular allowing the child to use both imagination and intellect 

together, and let them discover new things at their own pace and in their own way (1973). 

While having fun may promote learning, some have concerns that too much fun may be 

detrimental to the learning experience, and so the goal is to create meaningful tasks, so that 
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the student takes learning seriously, and learns to perform difficult tasks. A distinction can 

be made between fun where the environment does most of the things for you and fun where 

you yourself create the fun experience, such as playing a musical instrument instead of 

listening to it. The latter lets the person challenge themselves and grow from the experience.  

Many believe that interactivity is one of VRs most important properties and the user can 

literally feel placed in the virtual environment. While in the past interactivity in VR have 

largely been limited to being able to walk through and examine an environment, recent 

developments in the field have increased the possibilities of interactivity to being able to 

manipulate, create and experience virtual worlds in new ways. The hardware has also 

improved over the recent years and is now smaller, lighter, cheaper and easier to use, 

moving VR from mostly public exhibits or entertainment venues and into our homes. While 

VR has been used in educational settings in the past, it has not been widespread and has 

mostly used CAVE (Cave Automatic Virtual Environment) systems, which uses projectors 

aimed at a number of walls (or in newer versions LCD panels) to create the virtual 

environment, which can be expensive and takes up a lot of space. 

Roussou writes that, at the time of writing (2004), there is no evidence that VR applications 

add any value to learning environments for children, but asks that if interactivity is of such 

importance to children’s learning, does that not mean that VR, with interactivity as one of its 

defining properties, would aid in the learning process? The real question is: is it the 

interactivity that makes VR interesting, or is it the fact that it is a relatively new and exciting 

technology that draws peoples’ interest? Would recent advances in VR technology bring 

better potential for learning, taking it out of an entertainment context, which might not 

necessarily promote a learning mind-set, and into a school with the express purpose of 

teaching? It should certainly be possible, and that is what this project will attempt to answer. 
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3 Problem 

From Roussou’s article (2004) two hypotheses can be drawn: 

 According to constructivist views on education, an interactive learning method will 

be more effective than a non-interactive one. 

 Virtual reality can create a more cost effective and an easier available alternative to 

subjects otherwise hard to access, and can create a more immersive learning 

experience than traditional computer-based learning. While still more expensive than 

methods using books and paper, the benefits may outweigh the costs. 

This project will investigate if the use of interactivity, in the form of an interactive model of 

the human brain; will be more effective than a traditional way of learning the brain’s 

anatomy, usually consisting of two dimensional images in textbooks. 

In addition, this method of learning about the brain is a good alternative to real dissection in 

the ethical sense since no real animal products will be used, which is something that many 

people are opposed to. 

Based on the first hypothesis, we should expect the experiment group using the interactive 

artefact to perform better than the control group using the traditional method, i.e. two 

dimensional images of the brain.  

The problem can be condensed into this question: 

Will an interactive method of teaching, using an interactive VR model of the brain, be more 

effective than a traditional, non-interactive way, using only two dimensional pictures, and 

will VR be a good way of achieving this? 

3.1 Method 

  

A 3D model of the human brain was made using the 3D modelling softwares Autodesk Maya 

and Pixologic’s ZBrush and implemented into a prototype programmed in Unity. 

The experiment consisted of three parts. A pre-test, assessing the participants’ prior 

knowledge about the human brain, a learning phase, where the participants’ will be taught 

about the brain’s anatomy in one of two ways, and a post-test, consisting of a paper based 

test, to examine what knowledge the participants’ have acquired.  

 

3.1.1 Participants 

 

The experiment had six participants divided into two groups, with two females and four 

males. Group A used the 3D prototype to learn and group B used a paper-based learning 

method. The pilot study was a trial experiment and had two participants, both of which male, 

who used one studying technique each. The selection of participants was randomized. 
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3.1.2 Pre-test 

 

The pre-test began by letting the participants sign a participation agreement, briefly 

explaining what will be required of them etc. 

The purpose of the pre-test is to assess the participants pre-existing knowledge of the 

structures of the brain. The participants were provided with a paper based test consisting of 

an anatomical representation of the brain, onto which the participants then labelled the 

different anatomical structures. Following this, the test provided a list of anatomical 

structures and asked the participants to define and explain the function of these structures.  

 

3.1.3 Learning phase 

 

During the learning phase of the experiment the 

participants were split into two groups. Group A used 

traditional methods of learning, using 2D, book- and 

paper-based techniques (based on textbooks used to teach 

cognitive neuroscience), while group B made use of the 3D 

VR prototype. The prototype consists of a three-

dimensional model of the brain with each anatomical 

structure colour-coded to make them more easily 

distinguished from each other. Each part can be observed 

separately and the different structures are indicated by 

their names and facts about their function.  

 

3.1.4 Post-test 

 

To assess the knowledge acquired by the participants during the experiment, a paper-based 

test was performed. This test was identical to the pre-test. During the pilot study a second 

test was performed using a version of the 3D prototype with no colour-coding of the 

anatomical structures. This idea was however removed after it was concluded that this was 

harder to grade and did not affect the result in any meaningful way. 

Both the pre-test and post-test, as well as the learning material can be found in the appendix 

of this paper. 

 

 

 

 

Figure 1 Screenshot from the 3D 
prototype  
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3.1.5 Interview 

 

To assess the participants experience when using the prototype a short interview consisting 

of two questions was performed. These questions asked which learning method the 

participant preferred and the reasoning behind this, and what improvements they suggest be 

made to the prototype if it were to be used in future testing. 

3.1.6 Evaluation 

 

The results of the post-test were compared to that of the pre-test to evaluate how much 

information the participants’ had learned during the learning phase.  

The comparisons were made as follows: 

 The mean of group A’s results on the pre-test compared to the mean of group A’s 

results on the post-test. (Ma1 compared to Ma2) 

 The mean of group B’s results on the pre-test compared to the mean of group B’s 

results on the post-test. (Mb1 compared to Mb2) 

 The mean of group A’s results on the pre-test compared to the mean of group B’s 

results on the pre-test. (Ma1 compared to Mb1) 

 The mean of group A’s results on the post-test compared to the mean of group B’s 

results on the post-test. (Ma2 compared to Mb2) 

 

My hypothesis was that the use of both a two-dimensional and a three-dimensional learning 

phase should show whether using the prototype increases the users’ spatial understanding of 

where in the brain a specific component is located and show if using only the prototype will 

make locating a component harder on a 2D image.  
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4 Implementation 

The artefact made during this project consists of a three dimensional model of the human 

brain to be used in a prototype utilizing virtual reality technology to convey spatial relations 

between the different anatomical structures. The purpose of the artefact is to compare the 

use of a 3D learning technique against traditional, book and paper based ways of teaching 

the anatomy of the brain used in some neuroscience education today. 

4.1.1 The artefact 

 

The artefact is a relatively anatomically correct three-dimensional model of the human brain. 

It is relatively correct in the sense that it has been made to clearly convey the different 

anatomical elements of the model that will be important to the experiment, while keeping 

distraction to a minimum. This means that only the components that will need to be located 

and taught about in the experiment where modelled. In addition, the different parts have in 

some places been slightly exaggerated and made clearer for educational purposes, since 

indicating them on an actual, real life brain, is not always convenient. 

The modelling work has largely been based on the book Cognitive Neuroscience, the Biology 

of the Mind (Gazzaniga, Ivry & Mangun 2014). This is the textbook used by the students in 

the Consciousness Studies program at the University of Skövde. This book goes into heavy 

detail about the function, purpose and mechanics of every part of the brain. Both the 

practical modelling work and the information in the learning phase of the study relied on the 

contents found in the book. For the learning phase a brief summary of the most important 

functions of the selected anatomical structures were made. This information was used both 

in the paper-based test and learning material, and in the 3D prototype. 

4.1.2 Process 

 

The first thing made during the creation process was a list of all the 

selected anatomical structures that would be included in the final 

prototype. 

The structures are as follows: 

 Cerebral Cortex(cerebrum), including the four lobes: Frontal 

lobe, parietal lobe, temporal lobe and occipital lobe 

 Sub-cortical structures, including the hindbrain with the 

cerebellum, pons, brainstem and medulla, the forebrain with 

the limbic system: cingulate gyrus, thalamus, hypothalamus, 

hippocampus and amygdala, the pituitary gland (hypophysis), 

corpus callosum, and two of the four ventricles: lateral and 

third ventricle. 

To assure that it was clear how the model would be divided in the later 

stages of production a version of the cerebral cortex was made with a 

very low polygon count in Maya. This model then had each cortex 

Figure 2 Low-poly model 
with colour-coding 

Figure 3 Final low-
poly base mesh 
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clearly indicated and colour coded. It was then used to create a base mesh with the rough 

shape of the cerebrum to be imported into ZBrush for sculpting.  

Before sculpting this, however, work begun on creating the 

brainstem. This decision was made because it would be easier to 

create every structure from the inside and out to assure the scale 

and position of each structure was correct. In the same fashion as 

with the cerebral cortex, a very simple base mesh was created in 

Maya.  

Since a large part of the anatomy that was planned to be included 

was centered on the brainstem the choice was made to sculpt a 

majority of it as a single 3D mesh. However, this was only done on 

structures that could easily be observed as a group in the final 

prototype, so structures that had to be observed separately were 

made as separate pieces. From here structures were added 

gradually from the brainstem and outwards. Almost all of the 

remaining subcortical structures were sculpted completely in 

ZBrush, except one that was made entirely in Maya.  

When the subcortical structures were finished the low-poly model of the cerebral cortex was 

imported and sculpted. At the later stages of sculpting the structure called Corpus callosum 

was masked out and split from the rest of the cerebrum. 

This was done because it was important to convey the 

shape of the structure, which spreads out inside the 

cerebrum. 

When the sculpting of every piece was finished a final low 

poly version was made using Maya’s modelling toolkit. 

This was then used together with the high poly to create 

normal and ambient occlusion maps. Following this, the 

whole model was textured using a Photoshop plug-in 

called Quixel 2. Two textures were made: one with 

colour-coded structures and one with a natural look. This 

second texture was to be used in a test version of the 

prototype, where the participants would pinpoint the 

different anatomical structures. However this version 

was not used in the final test. 

The final artefact is controlled by using the keyboard. By using the arrow keys, the user can 

rotate the object both horizontally and vertically, with the ‘r’ key being used to set the brain 

back to it’s original position, the ‘a’ key will explode the brain, splitting them up into 

individual pieces, allowing the user to see how each part fit together with each other, the ‘s’ 

key reverts them to the original configuration. Using the number pad keys (1-6) on the right 

side of the keyboard the user can shift one anatomical structure into focus and display facts 

related to it’s parts. 

 

 

Figure 4 Sculpt of the 
brainstem including hindbrain 

and hippocampus 

Figure 5 Finished 3D-model 
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4.2 Pilot Study 

 

 To prepare for the actual study and perfect the design of it, a pilot study was performed. The 

pilot study had two participants. The procedure consisted of the pre-test, the learning period 

and then two different post-tests. The first post-test was identical to the pre-test, which was a 

paper-based test where the participant was required to localize the different anatomical 

structures on a picture, and following this write down the definitions and functions of said 

structures. The second post-test was a verbal test where the participants were asked to find 

specific structures on a non-colour-coded version of the prototype. The learning phase 

consisted of either using a summarized version of the textbook information or using the 

colour-coded version of the prototype, containing facts and definitions. 

4.2.1 Results 

 

Both participants showed similar results in the pre-test, having a score of four points out of 

thirty five available. This was to be expected as the participants were specifically chosen to be 

people who most likely had a minimal knowledge of the subject to begin with.  

Participant one, who used the paper-based technique of studying, scored thirty two points on 

the post test, while participant two, who used the 3D prototype, scored twenty four points. 

Participant one, however, appeared to possess a higher than average ability to learn new 

information. This observation is based on the fact that, from only twenty minutes of 

studying, the participants could answer every question one hundred percent correctly, and 

did not receive full points only because the time ran out for the test. Participant two showed 

improvement more in line with what was expected. 

The results showed that using a paper based technique could improve the participants 

learning performance but since the sample size was so small, no accurate conclusions could 

be made. The pilot test did however bring up some important points about how to design the 

actual study. 

 

4.3 Progression 

 

The most important things accomplished with the pilot study were learning what 

improvements could be made to the study. These improvements included both changes to 

the prototype itself and to the execution of the experiment. 

4.3.1 Improvements to the prototype 

 

The most important improvement to the prototype was making the controls easier to use. 

The problem with the controls was that they could be slightly awkward to use because they 

could cause the user to get stuck in weird angles where it was difficult to observe the 

structures shown, and it was equally difficult to return to a position that was comfortable. 
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The first solution attempted to create a lock that made it so that the user could not rotate 

higher or lower than above or below the 3D object. This however did not correct the problem 

and instead just caused the user to, while still setting the camera in awkward angles, 

sometimes meet the lock in the camera movement, which made it even harder to return to 

the starting position.  

Instead a reset button was added, which returned the camera to the starting position. While 

this did not solve the problem completely, it was an adequate solution with the time 

constraints at the time. The solution however did seem to work, as none of the participants 

in the actual test complained about the controls being clumsy. 

The second improvement made was a relatively small and aesthetic change to the way the 

facts presented looked. 

 

The third improvement was not made to the prototype itself, but to the written paper test. It 

was noted during the pilot test that during the pre-test the participants would prefer to write 

their answers in Swedish, but the reading material and the tests were all written in English. 

Since the participants were Swedish this was only logical, and to alleviate the problem the 

Swedish terms for each anatomical structure (that was not named in the Latin names shared 

by both languages) were added in addition to the English terms. The learning material was 

not changed, since the participants would know the English terms when doing the post-test. 

4.3.2 Improvements to execution 

 

Some important improvements were made to the execution of the experiment following the 

pilot study. 

The first improvement was made to the way the test was explained to participants. To assure 

that the participants’ performance was not influenced, as little information about the test 

was given as possible. However, given the nature of the experiment, it was decided that it 

would be better for the participants’ to know that they would be required to sit and study for 

a short while, for their own comfort. In addition, as soon as the participants began their 

tests, the purpose of the experiment would be quite clear and knowing the purpose of the test 

would not affect their score, which meant that it did not make much sense to not tell them 

what it was to begin with. 

It was also decided that the verbal second post-test, e.g. the test based on the 3D prototype, 

could be removed as it did not add much to the result and was hard to grade. 

There was consideration about adding a third group which would use a combination of the 

paper-based text together with the three dimensional model to get a more thorough picture. 

However it was concluded that it would not be a good way to examine the problem at hand, 

which is whether the traditional learning technique or a 3D-based technique would be a 

better way of learning about the anatomy of the brain.  

Another change in the execution was the addition of an interview following the tests. The 

participants’ were shown the alternative learning technique relative to the one they 

themselves got to use and then asked two questions: 
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Which way of learning would you prefer to use and why? 

What improvements could be made to the prototype to improve the ease of use? 

This decision was made because it was concluded that the results of the test was not the only 

important part of the experiment, but also the users’ preference. 
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5 Evaluation 

5.1 The Study 

 

The main study was performed in much the same way as the pilot study, but included the 

changes that were made after the observations. There were 6 individuals that participated, 

four of which males and two females. The testing procedure was very similar to the pilot test, 

consisting of a pre-test, a learning period with either paper-based or 3D-based learning 

material, and a post-test. The differences between the two studies were that the main study 

did not include a test based on the 3D prototype, and it was also followed by a short 

interview. Some changes had been made to the prototype for user comfort.  

5.1.1 Results 

 

The results were calculated using the following method: 

 The mean of group A (3D method) pre-test scores against the mean of group A post-

test scores  

 The mean of group B (2D method) pre-test scores against the mean of group B post-

test scores  

 The mean of group A pre-test scores against the mean of  group B pre-test scores  

 The mean of group A post-test scores against the mean of  group B post-test scores  

The results were as follows (maximum score = 35): 

Participant 

number 
Group Pre-test score Post-test score 

1 A 6 10 

2 B 0 24.5 

3 A 4 19 

4 B 15 28.5 

5 A 12 19 

6 B 6 27 

 
 

∑= 43 

M= 7.1 

∑=  128 

M= 21.3 

 

 

 

 

 

Table 1 Results 
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M: Mean; 
∑𝑥

𝑛
 

𝑀𝐴(𝑝𝑟𝑒) = 
6+4+2

3
 

              =
12

3
 

              =4 

𝑀𝐴(𝑝𝑜𝑠𝑡) = 
10+19+19

3
 

              =
48

3
 

              =16 

 

 

𝑀𝐵(𝑝𝑟𝑒) = 
0+15+6

3
 

              =
21

3
 

              =7 

 

𝑀𝐵(𝑝𝑜𝑠𝑡) = 
24.5+28.5+27

3
 

              =
80

3
 

              =26.7 

              ≈27

 

 

Summary of the results: 

 Pre-test Post-test 

A (3D) M= 4 M= 16 

B (2D) M= 7 M= 27 

 

 The mean of group A (3D method) pre-test scores against the mean of group A post-

test scores -> 4<16 

 The mean of group B (2D method) pre-test scores against the mean of group B post-

test scores -> 7<27 

 The mean of group A pre-test scores against the mean of  group B pre-test scores -> 

4<7 

 The mean of group A post-test scores against the mean of  group B post-test scores -> 

16<27 

 

 

 

Table 2 Means 
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5.1.2 Interview 

 

After each participant had finished their post-test they were showed the alternative method 

of learning; the prototype for the 2D group, and the paper-based information for the 3D 

group. Based on this, a short interview was conducted with the following questions: 

 Which method would you prefer to use when studying this subject and why? 

 What improvements could be made to the prototype to make it better and more 

comfortable to use? 

Four out of the six individuals tested said that they would have preferred to use a version of 

the prototype, and the two that did not prefer it said that they would rather use a mix of the 

two. 

The reasoning behind wanting to use a 3D method was: 

 Better sense of depth. 

 The fact that a three-dimensional object is best shown in 3D. 

 The mechanics of the different parts and how they fit together become more 

apparent. 

 Some users said they learn better from visual stimuli than from only text and flat 

pictures. 

 Easier to understand how things fit together when you have the option of picking it 

apart. 

The reasoning behind wanting a mix of the two was mostly based on the ways that these 

participants learned, and that it was good to have the visual aid of the 3D object, but that 

they learned better using text on paper.  

Some suggestions of ways to improve the prototype were: 

 Making it more clear what text belonged to which structure. 

 Making the anatomy of some structures more clear. An example of this are the 

ventricles, which are cavities filled with liquid. These were only modelled as pits in 

the prototype to save time because the actual cavities would be too hard to model 

with the time constraint. 

 Highlighting the currently observed structure to more clearly indicate which 

structure that is currently in focus.  

 Fading the structures not currently observed from view. 

 Having the facts presented not on the model, but at another place on the screen with 

the highlight indicating which structure’s facts were currently being displayed. 

 A walkthrough adding each structure individually from the inside and out to get an 

even better understanding of how each structure fit together. 

 A zoom function. 

 A guide of the controls showing what button on the keyboard represents what 

anatomical structure. 

 An audio function with a voice over describing each structure and their name. 

 Some improvements to the text bubbles, making them easier to see. 
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 Both a colour-coded version and one with natural colours that can be switched with 

the press of a button. 

 Having several different versions of the prototype with increasing complexity 

 

5.2 Analysis 

 

There was an observable difference between the two groups in the amount of points each 

group scored in the post-test compared to the pre-test. The results of the experiment show a 

twelve point increase between the pre-test and the post-test in the group that used the 3D 

prototype, and a twenty point increase in the group that used the paper-based technique. 

This result may indicate that the paper-based method was more effective. This contradicts 

the theories put forth by Roussou (2004) and the hypothesis this study is based on. 

According to the hypothesis the interactive method should have been the more effective one. 

The results from the tests made by Chen and Tsuang (2009) would also indicate that this 

should be the case. In addition, their experiment used a game not made for teaching, while 

the prototype made for this project, while it could perhaps not be considered a game, did 

have teaching in mind during it’s development. However, one must take into consideration 

underlying variables that may have in some way interfered with the execution of the tasks or 

the results. 

Confounding variables that may have affected the test result include: 

 Some of the participants had pre-existing knowledge in the subject, and during the 

randomization a majority of them happened to end up in group B (paper-based 

technique), which gave them an unfair advantage and may have skewed the results. 

 Participant effect (the results of the test being affected by the individual being tested 

trying to be a good test subject) did not appear to affect the result of the tests, nor did 

the experimenter effect (indicating in some way what results you are looking to gain, 

or helping the test subject to reach those results).  

 One participant in Group A was noticeably unfocused and distracted during the 

experiment. This may have been the reason that this participant also scored the 

lowest on the post-test and showed the least improvement. 

 The sample size was too small to give an accurate representation of the general 

population. A bigger sample size may have also diluted the extremes presented by the 

participants with pre-existing knowledge and given a more accurate result. It would 

also have been beneficial to include a more even distribution of women and men as 

well as several different age groups to compare how the results may vary. 

 Since the pre-tests and post-tests were identical the results may have been somewhat 

affected. However, there was not much information to be gained from the test itself.  

 Several of the test subjects that participated in the study were students who study 

game development. This means that they are likely to have an interest in computer 

games and other software utilizing this kind of interactive content, which might make 

them more likely to take interest in a project of this type. 
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5.2.1 Analysis of interviews 

 

Even though the tests show that the paper-based teaching method may be more effective, the 

majority of the participants indicated that they would prefer to use a program similar to the 

artefact made for the experiment. The reasoning behind this seems to stem primarily from 

the participants wanting the visual stimuli and interactivity provided by the artefact. A more 

developed prototype might have given better results for Group A, since it was lacking in 

some areas due to time constraints and lack of programming knowledge. This is evident from 

the list of improvements provided by the test subjects. If these improvements were to be 

made, however, it would make the artefact more comfortable to use, and would more 

effectively supply the user with the facts presented, which would most likely lead to a better 

learning experience 

 

5.3 Conclusions 

 

The results of the experiment indicate that the paper-based method is the more efficient. 

However, one could conclude that the sample size is too small to get an accurate answer to 

whether an interactive method is less effective than a non-interactive one. In addition the 

scores were unfairly distributed with the two highest scoring individuals in group B, 

resulting from the participants’ pre-existing knowledge, and the one with the very lowest 

score in group A. 

More importantly, the interviews indicate that there is interest for this kind of technology 

within the target population, which implies that, with sufficient improvements, it could be of 

use. 

It is clear that more research on the topic is needed and that there is need for more up-to-

date literature, as there is a fairly sparse amount written about it. As the interviews show, 

there might very well be a user base for this kind of technology.  
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6 Concluding Remarks 

6.1 Summary 

6.1.1 Literature 

 

In the literature section of this paper the theoretical background to the project was 

presented. It began with an article called Virtual reality: How much Immersion is Enough? 

by Doug A. Bowman and Ryan P. McMahan (2007) about the role of immersion and what 

components of immersion were relevant in different contexts. They reached the conclusion 

that certain elements of immersion had more impact on a VR experience than others 

depending on the context in which they were used.  

The article Virtual and Augmented Reality as Spatial Ability Training Tools by Andreas 

Dünser, Hannes Kaufmann, Karin Steinbügl and Judith Glück (2006) talked about possible 

uses of virtual and augmented reality systems to train a person’s spatial ability. They 

concluded that, while the individuals tested did show improved spatial ability, there was no 

clear evidence that VR and AR was an effective method of training but that, with continued 

development, it could be. 

In Effects of Computer-based Video Games on Children: An Experimental Study, Tsung-Yen 

Chuang and Wei-Fan Chen (2009) discuss whether using computer games in schools would 

be a viable teaching method. They tested 108 third year students in Taiwan, and compared 

the use of a video game against a computer-assisted learning method when learning about 

firefighting. The experiment showed that the students who played the game improved in 

areas such as being able to correctly recall facts, and the ability to problem solve by 

presenting different solutions to the same problem, among other things. This may show that 

video games can have a positive effect on learning. 

Lastly, Maria Roussou writes in Learning by Doing and Learning Through Play: an 

Exploration of Interactivity in a Virtual Environment for Children (2004) about the use of 

virtual reality in providing an interactive learning method for children. She writes about the 

importance of interactivity in learning for children, and about the role of play.  

6.1.2 Problem 

 

Based on the literature two hypotheses were drawn: 

 According to constructivist views on education, an interactive learning method will 

be more effective than a non-interactive one. 

 Virtual reality can create a more cost effective and an easier available alternative to 

subjects otherwise hard to access, and can create a more immersive learning 

experience than traditional computer-based learning. While still more expensive than 

methods using books and paper, the benefits may outweigh the costs. 
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Based on the first hypothesis it was expected that the group that used the interactive 3D 

artefact would perform better than the control group who used the paper-based method. The 

research question that I intended to answer was: 

Will an interactive method of teaching, using an interactive VR model of the brain, be more 

effective than a traditional, non-interactive way, using only two dimensional pictures, and 

will VR be a good way of achieving this? 

While the virtual reality portion of the question was not tested, an interactive 3D prototype 

was made and tested. 

6.1.3 Study 

 

The study conducted tested six individuals divided into two groups. The first group used an 

artefact made for this study; an interactive 3D model of the brain, and the second group used 

a paper-based summary of information taken from a neuroscience textbook. Both groups 

were tested to first assess their prior knowledge of the subject and, following a learning 

period, tested to assess their gained knowledge. After this each group was shown the 

alternative learning method and were asked two questions: about which method they 

preferred, and about what improvements could be made. 

The results of the experiments indicated that the paper-based method was the more 

effective. However, the interviews showed that almost all participants preferred the 3D 

learning method, or at least a combination of them with the text on paper and a 3D object for 

visual aid. 

6.2 Discussion 

 

I can see great potential in using this kind of technology. All of the participants showed very 

positive reactions to my prototype, indicating that it is something that they are interested in 

using in some form or another. If it were developed to be able to show more advanced 

anatomical structures and even show some of the mechanics behind how the brain works, 

such as having animations showing synapses within the brain, I believe that it could be used 

in many different stages of education, including elementary school and up to university level. 

In order to get a more developed idea of the effectiveness of using this software a larger 

sample size would need to be tested. The amount of participants used in this study was very 

lacking, and a much larger amount of individuals would need to be tested. In addition to 

testing more individuals, a sample size with a more even distribution of men and women 

would be needed to be able to accurately depict a representation of the general population. 

Conducting test including different age groups would also be beneficial in order to test 

whether this would be an effective teaching method in the different stages of education. In 

combination with this several different versions, with varying complexity, could be used to 

test how widely it could be used. 

The original plan for this project included using virtual reality for the experiment. However, 

due to technical difficulties with the headsets available this had to be removed. Possible 

benefits from using VR would have included an even better sense of depth and 
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understanding of each structures position in relation to one another. It would also have the 

benefit of giving the user a higher level of immersion making it feel more like handling a real 

brain or physical anatomical model. This is supported by Bowman and McMahan (2007). 

Their studies indicate that using VR, and in particular VR with a high sense of immersion, 

would have a positive effect when performing tasks that include rotating an object and 

manipulating it’s position and orientation. This means that VR would provide a more 

accurate sense of an objects position in space and its spatial relationships to surrounding 

objects. This would have been beneficial when using the prototype. It would be interesting to 

include VR, should any future studies be conducted. 

However, not utilizing VR, or having versions of it that do not utilize VR, could actually be 

beneficial from an economic standpoint.  

Most schools today have computers, but having to spend funds acquiring VR headsets or 

possibly building a CAVE system might discourage them from using this kind of technology. 

In that case a screen based version would be a more economically viable option, since 

software of this kind could be kept very cheap. Also, being able to then choose between the 

two, and additionally versions with more complex 3D models, could bring an added level of 

usefulness.  

This kind of software could also be used to teach different subjects. For example, it could be 

a very efficient way of teaching the anatomy of the rest of the human body, and the different 

ways it can be affected by injuries and disease to a medical student, or the mechanics of an 

engine or any other mechanically complex structure to an engineering student. 

I believe it can have uses in many different fields of knowledge with sufficient development. 

  

6.3 Future Work 

 

Potential future work involving this project would include making improvements to the 

prototype, test different versions of it with varying complexity, conducting a study with a 

larger sample group, and also conduct studies on several different age groups. 

Developing the prototype would be the first step in continuing this study. Improvements 

based on the suggestions of the participants of the main study would need to be made. 

Perhaps most importantly would be to make several versions which each have different 

complexity and depth. The reasoning behind this is that different versions could be used in 

different age groups or with people of varying knowledge of the subject. For instance, an 

artefact very similar to the one used in this project could be used to teach the basics of the 

brain’s anatomy, while a more advanced version could be used by people of more advanced 

knowledge.  

A larger study using a larger sample size, with a more even distribution of men and women, 

would also need to be conducted to get a more accurate picture of whether something like 

this could be an effective way of learning. In addition, it could be beneficial to test 

individuals within different age groups to assess how effective it would be to different target 

populations. As mentioned earlier, a study utilizing VR could also prove beneficial to 
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determine if it could provide sufficient improvements to the learning experience to be worth 

the added cost. In this kind of software the benefits of VR could have a very positive effect on 

the user experience (Bowman, McMahan 2004). It could also serve as a continuation of the 

studies performed by Roussou in her article (2004). 
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Appendix A -  Test 

 The Human 

Brain 
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Function and purpose 

 

 

Cerebral Cortex (hjärnbarken):  

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________                                                                                                                                                                                                                                                                                                                           

Cerebellum (lillhjärnan): 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 

Corpus Callosum (hjärnbalken): 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 

Ventricles/Ventricular system (ventrikelsystemet): 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________  
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Brainstem (Hjärnstammen): 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________  

 

Limbic system 

Thalamus: 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 

Hypothalamus: 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 

Pituitary gland (hypofysen): 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________   
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Amygdala: 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 

Hippocampus: 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________  

 

Cingulate gyrus/cortex (gördelvindlingen): 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

________________________________________________ 
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Appendix B -  2D Learning material 

 

 
The Human 

Brain 
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Function and purpose 

 

 

Cerebral Cortex:  

The outer layer of the brain consisting of gray matter, which are nerve-cell bodies 

and fibers. The gray matter is arranged in a pattern of folds called gyri (singular: 

gyrus). The cerebral cortex is responsible for functions such as voluntary activity, 

hearing, vision, touch, language, memory, and learning along with other functions. 

Cerebellum: 

Coordinates voluntary and advanced muscle movements, and helps maintain 

balance and posture  

Corpus Callosum: 

A “bridge” connecting the left and right hemispheres of the brain allowing 

communication between them. It has an arch-like structure and consists of nervous 

tissue. 

Ventricles: 

The ventricular system consists of four ventricles, which are cavities where 

cerebrospinal fluid (CSF) is produced. 

Brainstem: 

Connects the brain and the spinal cord. It consists of the following structures: 

midbrain, pons and medulla oblongata.  

The brainstem allows the flow of messages from the brain to the rest of the body. It 

also regulates and controls functions such as wakefulness, blood pressure, 

breathing, heartrate and swallowing. 

Limbic system 

Thalamus: 

Structure responsible for transmitting impulses, such as sensory impulses, both to 

and from the cerebral cortex. 
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Hypothalamus: 

Main control center of the function of internal organs, responsible for regulations of 

things such as body temperature, appetite and sleep cycles. 

Pituitary gland: 

A small structure which is the main endocrine gland. It produces hormones that 

control and regulate other glands. The hormones influence skin pigmentation, sexual 

development, growth, thyroid function etc. 

Amygdala: 

Almond shaped masses that are involved in emotions such as fear, pleasure and 

anger. It is also involved in determining where memories are stored in the brain 

based on what emotional responses we have to the memories. 

Hippocampus: 

Involved in forming, storing and processing memory 

Cingulate gyrus: 

Situated above the corpus callosum. Receives input from the thalamus. It is also 

involved in emotion formation and processing, learning, and memory.  

 


