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Understanding the Effectiveness of Using Virtual Reality to 
Support Teaching Drilling Trajectory Concepts 

Abstract 

As technology in the classroom gains popularity, the interest in virtual reality (VR) in education 
continues to grow. Benefits of using VR in the classroom include creating hands-on experiences 
for taught concepts and reaching more learning styles in students. This research aimed to create 
an educational VR environment teaching aid for petroleum engineering students to visually and 
spatially examine the results of calculated well trajectories. A study to examine the effectiveness 
of VR was performed on two student groups (VR Aided vs. Non-VR Aided). The research 
team’s goal was to answer if wellbore trajectory quizzes and homework assignment scores would 
be higher for VR aided students, if VR aided students’ overall cognitive workload would be 
lower than the non-VR aided students in regards to completing the wellbore assignment, and if 
the VR teaching aid would be considered positively in regards to enhancing understanding of 
calculating wellbore trajectory. Each group of students were taught the same lecture in a 
traditional classroom setting on the concepts of wellbore trajectory. Then the separated groups 
were given the same homework assignment and asked to manually solve for 3D well trajectory 
data. The non-VR group was asked to use Microsoft Excel to apply conversion formulas and 
determine the 3D well trajectories without a 3D visual aid. The VR group was asked to utilize 
the VR environment to visualize the 3D well trajectory path. Both groups compared their final 
results to the known solution. The paper will give an overview of the VR environment, how 
students interacted with the environment, and the results of the study. 

Introduction 

Virtual reality (VR) provides a realistic three-dimensional (3D) environment, which significantly 
reduces the cognitive workload associated with learning 3D geometrical concepts. VR not only 
allows students to interact with objects, but it also provides an interface to test complex 
geometrical concepts. An example of such complex concepts is the 3D (deviated) wellbore 
trajectory  which allows for oil to be  extracted from places unobtainable by conventional 
drilling. Design of deviated (non-vertical) wells requires a sound grasp of spatial relations and 
locations in 3D, along with adequate time to learn the concepts. Because of the time constraints 
in a semester, teaching efficiency needs improving to maximize student learning. In addition to 
theoretical calculations, students should be prepared to handle real life situations which 
necessitate quick and accurate decisions. To this end, the energy industry has adopted 3D 
visualization technologies and has acknowledged the change in learning styles of the new 
generation of engineers. Products such as Endeavor Drilling STS, RGU Oil and Gas Institute 
VR, and PaleBlue Drilling Simulators are all enabling users to drill in simulated environments 
and train employees [1], [2], [3].  

 



VR provides a learning environment that can serve students with various learning styles. 
Research has shown that most engineering students are either convergers or assimilators in terms 
of their learning styles [4], [5]. Felder [6] explains that choosing a teaching style that matches the 
students’ learning style, results in a significant improvement in students’ learning experience. 
The traditional lecture-based teaching for topics such as drilling engineering only serves 
assimilator learners. Felder and Brent [5] argue that the incorporation of well-designed 
hypermedia teaching aids brings all types of learners to the same performance level. Simulation 
labs have been shown to improve students’ ability to relate to the theoretical knowledge in the 
real world by providing a safe environment for students to learn by trial and error. 
Balamuralithara and Woods [7] emphasize the flexibility and accessibility of simulated labs. A 
subsurface simulated environment does not have a counterpart in the real world, so a simulated 
environment is the only opportunity for the students to have hands-on experience while learning 
about subsurface geology and drilling deep formations. It is now possible to establish simulated 
labs in 3D. These tools provide immersive training environments, where the user is part of the 
scene [8]. Studies have shown that the cognitive process that recognizes the relative positions of 
objects, is different in a 3D environment from that of a 2D non-immersive environment [9]. VR 
demonstrates better understanding of the spatial layout of the objects in the simulated 
environment compared to the 2D non-immersive environment [10]. The immersion has been 
proved particularly useful for training spatial tasks such as navigation [11], which is an essential 
skill required for a successful directional drilling operation.  

 
One study [10] that investigated the efficacy of the immersive experience in oil well 

drilling developed the “Immersive Drilling Planner” software which visualizes the wellbores and 
formations in a mature oil field. This software allowed users to obtain a full grasp of the relative 
positions of the existing wellbores with respect to each other and to the formation. The users 
were asked to modify the path of a new well within VR so that it reached a certain target, while 
avoiding the other existing wellbores, and a second group was asked to complete the same task 
on a desktop. The comparison between the performances of the two groups showed that the VR 
users completed the task faster and with more correct answers than the desktop users. Although 
this study did not directly assess the pedagogical efficiency of the immersive experience, it 
supports the notion that VR is potentially useful in saving drilling class time by helping the 
students resolve spatially complicated problems quicker. Another study [12] explored well 
placement through VR where the users created vertical and free-form well paths in the 
immersive environment. The application analyzed the connectivity of the new wellbore to the 
reservoir and estimated the amount of recovery associated to the new well. The results were 
displayed in the 3D environment as well as in a table summarizing the calculated values. The 
study reported that the users expressed a positive experience with the visualization of the 
connectivity and recovery analysis. All the participants of this study were professionals and 
possessed prior knowledge of reservoir models and well placement, thus this study does not give 
much information on the pedagogical advantages of the immersive environment in the area of 



well placement. The VR environment described in the work by Brasil [14] simulates a drilling 
rig and exposes the users to various circumstances to test their knowledge. Artificial intelligence 
is also applied to simulate emergency events and to allow for user interations. There are few 
studies in the literature that specifically look at the learning effects of VR vs. traditional 
classroom methods. However, the results of the available studies  all point to the positive effects 
of VR. An example of such research is a study of the effects of using the Google Cardboard 
smartphone VR application in the classroom which measured the feasibility of VR to improve 
the learning process [13]. Much like these results show, the response was positive and improved 
the understanding for students. 

 
This study aims at developing a VR tool that enables the students to spatially examine the 

results of a familiar mathematical method taught to them in a traditional classroom setting. 
Specifically, this study focuses on developing a teaching aid to help the petroleum engineering 
students better understand the concept of deviated well trajectories in 3D. Our findings show 
that, not only do the students find the VR tool more helpful than 2D interfaces, but also, the VR 
tool has a measurable positive impact on students’ perception of relative position of objects in 
3D. 

Research Objective 

The primary objective was to examine the effectiveness of VR as an aid for teaching 
drilling trajectory related concepts. The VR environment allows the students to visually explore 
3D wellbore trajectories and nearby faults, and interactively change certain parameters such as 
inclination angle and kick-off depth to see their effects on the overall wellbore trajectory. 
Specifically, this study quantifies the learning effectiveness by evaluating the quizzes and 
homework assignments of two groups (VR Aided vs. Non-VR Aided) of students.  

Traditional Assignment & Virtual Teaching Aid Protocol   

In the fall of 2018, 16 petroleum-engineering students enrolled in the drilling engineering 
course at Mississippi State University. This course covers the terminology and main parameters 
of 2D well trajectory design, and 3D well trajectory conversions between coordinate systems. 
Traditionally, the homework assignments assess the capability of designing 2D well trajectories 
as well as conversion formulas to determine the 3D well trajectories without a 3D visual aid. The 
wellbore trajectory virtual teaching aid was developed to provide students the ability to upload 
converted well trajectory data from Microsoft Excel to visualize the 3D well trajectory path and 
to compare their results with the known solution. The 3D visualization also includes other 
geological features such as faults, which are used to evaluate students’ ability to understand 
spatial relationship between subsurface objects. In addition, the developed application provides 
an interactive interface where students are allowed to change trajectory design parameters, such 
as build rate, and visualize the resulting well path instantly. 
 



Assignment Protocol    

The fundamentals of developing wellbore drill trajectories are a current topic within the 
drilling engineering course. In order to minimize the impact on classroom interference, the 
research was conducted as a workshop in conjunction with the course schedule for teaching the 
drill trajectory concepts. The assignment was broken into five phases which are described below.  
 
Part 1: Trajectory Calculations using Microsoft Excel  

The students were given homework assignment for the class course material which 
required them to convert a given well trajectory from a system of measured depths, inclination 
angles, and azimuths into a system of true vertical depth (TVD) and compass directions (Fig. 1). 
The students had one week to complete the assignment. This was the only graded assignment 
during the research study that affected their course grade. Some phases of the research study 
required students to be placed into two groups (VR Aided and Control). Since there could be 
advantages gained by using the virtual aid, undue influences on the student grades were avoided 
to ensure a fair assessment of the students’ understanding of the topic based on the current 
syllabus requirements.     

 

 
 

 
Part 2: Homework  Evaluation using VR and Excel    

The workshop was conducted one week from the date the assignment was given to the 
students. The students brought their computers to the workshop and were separated into two 
groups for this phase of the experiment where the assignments were returned for review. The 
objective of this phase was to evaluate the perceived effectiveness of students using Excel versus 
VR to visualize the drill trajectory from the homework assignment. One group used the virtual 
aid and the other group used Excel to visualize their converted trajectories. Both groups were 
also given the visualized correct solution so they were able to compare their trajectories with the 
correct trajectory in the same environment. 2D Excel plots include graphs of the well paths on an 
east/west versus TVD and a north/south versus TVD plot.  
 
 
 

Figure 1: Part 1 - Students were asked to convert a given well survey from a system of 
measured depth, inclication angle, and azimuth (left) to a system of true vetrical depth and 

compass directions (right). The presented values are in feet. 



Part 3: Evaluation of Wellbore Intersection with Faults 
During this phase, faults are introduced to the assignment. A printout with a green fault, a 

red fault, and a wellbore trajectory on 2D plots was provided to the students (Fig. 2). The 
students were then asked if the trajectory crossed the green fault, red fault, both, or neither. 
Afterwards, the students used the virtual aid to determine if the well path intersected with the 
faults. Students were not split into groups for this phase.  

 
 

 
 
 
 
 
 
 
 
 

Part 4: Introduction of Tool Error 
A depth measurement error of 10 ft /1000 ft was introduced to the assignment. 

Specifically, the tool error caused a 10 foot deviation from the correct path every 1000 feet 
below ground. All participants were provided an Excel spreadsheet with 2D plots of the new 
trajectory corrected for the tool error and the drill target location. The students were tasked to 
determine the effect of the tool error on the location of the endpoint of the wellbore path. They 
were asked about the cardinal direction of the updated wellbore’s end point in relation to the 
expected target point, and were provided a worksheet to record their answers. After the solutions 
were collected, the students used the virtual aid to answer the same questions in which the 
solution were collected afterward as well.  
 
Part 5: Build-And-Hold Trajectory Design    

For this phase of the study, the participants in the control group and VR-aided groups 
were reversed. Both groups were provided information about a current drill design that would 
likely hit faults underground. The students in the control group were provided with a spreadsheet 
containing well trajectory calculations based on two design parameters: kick-off depths in feet 
and build rates in degrees per 100 feet. The spreadsheet allowed the students to change the 
design parameters and to visualize the resulting well trajectory instantly. The students were 
asked to determine the range of design parameters that would be feasible to avoid the faults. The 
VR-aided group was also provided with a similar interface in the virtual aid. The solutions were 
collected from both groups. 

Figure 2: Part 3 – 2D plots of two faults and a well trajectory were given to the students and 
they were asked to determine if the wellbore intersects with any of the faults. 



Virtual Teaching Aid Protocol 

The virtual teaching aid was developed using the Unity3D game development platform. 
The Oculus VR headset and the Oculus touch controllers were used to provide the VR 
experience for the students. When the simulation was initiated, the system provided visual aids to 
assist the students in understanding the control mechanisms of the environment. The students 
were able to move in the physical world to translate the positions in the virtual environment. 
Below, Figure 3 shows the virtual wellbore and interface menu used for the classroom 
assignments. 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Virtual wellbore world & interface menu 
 

The student’s virtual perspective to the wellbore was third person omniscient. They were 
able to physically walk around the virtual wellbore world, translate, rotate, and scale the virtual 
wellbore world, and view the underground trajectory path of their well. A compass was provided 
on top and underneath the ground level.  

 
Phase 1: Trajectory Calculations using Microsoft Excel  

The students converted their Excel spreadsheets to Comma Separated Variables (CSV) 
files and stored them in the resource file directory of the simulation. The homework included 
five questions and the students would select the question they wanted to evaluate their results 
with the virtual training aid under the “Select Question” option. Once selected, the students 
would select their file from the resource directory and click the “Load File” button. Different 
capabilities were provided to the students based on which question they selected. In general, the 
students were able to toggle their well path vector points on/off, toggle fault lines on/off, and 
manipulate the build rate and kickoff depth of the provided well path for question five only. The 
interactive data table allowed the students to verify whether they uploaded the correct dataset to 
the simulation. Afterwards, 2D cross sections of the well path were provided of the drill 
trajectory depth and cardinal directions.  

 
 



Phase 2:  Homework  Evaluation with VR Teaching Aid Protocol 
Once the student file was uploaded, their drill trajectory path was drawn in the virtual 

world in the simulation. The simulation provided a target point indicating the correct drill path 
end point. The students were able to press the “Analyze Results” button on the interface and the 
simulation changed the color of their well path to either green or red. A green colored path 
represented a correct solution and a red colored path represented an incorrect solution. The 
students were not provided access to the data file for the correct path, but were able to adjust 
their paths in Excel and resubmit their new solutions to analyze the correctness of their well 
paths. Figure 4 shows a student drill path which was analyzed as an incorrect solution for this 
phase of the assignment.  
 
 
 

 

 

 

 
 
 

Figure 4: Simulated frill path 
 
Phase 3: Intersection with Fault Evaluation  

At this phase, the students had been given the correct drill path for phase two and  3D 
visualization of the fault’s intersection. A fault was displayed using a green or red plane added to 
the scene. When investigating the intersection with the virtual aid, they could transform, rotate, 
and scale the virtual world for closer inspections and also manipulate their physical positions in 
the real world for further investigation.  

 
Phase 4: Introduction of Tool Error 

After the introduction of the tool error, the students investigated the deviation from the original 
drill target. The virtual aid displayed the drill path with the tool error and the deviation from the 
target.  

Phase 5: Build-And-Hold Trajectory Design 

During this phase of the experiment, the students could manipulate the kick-off depths 
and build rates and receive real-time visual updates of the effects those parameters have on the 
drill trajectory path. Figure 5 (right) shows an example of manipulation of parameters and the 
effects of the drill path trajectory. The students had to identify the solution space of correct kick-



off depths and build rates in which the drill path would not intersect the fault. Figure 5 (left) 
shows an example of an infeasible solution with a build rate of 20 / 100 feet, kickoff depth of 
1600 feet, and a feasible solution with the same build rate but larger kickoff depth (right).  
 

 

 

 

 

 

Figure 5: Build rate & kick-off depth 

Experimental Methodology 

This experiment was conducted in a control laboratory classroom environment in which 
three VR module setups were provided which allowed three students to use the virtual training 
aid at a given time. Ten of the sixteen students enrolled in the course participated in the research 
study. During the semester of this study, no females enrolled in the class. There were two 
students of African descent and the other eight students were of Caucasian descent. The average 
age of the students were 24 years old with a standard deviation of 1.35 years. The average GPA 
of the students was 3.05 with a standard deviation of .54 points. The two independent variables 
measured in this study was Group Type with two levels (VR Aided – Non-VR Aided) and GPA 
Group with two levels (Below 3.0 – Above 3.0). 

The dependent variables were collected using surveys that provided either questions to 
evaluate their perceived usefulness of using the technologies, multiple choice questions, or fill-
in-the-blank questions for collecting results of numerical feasible solutions. The perceived 
usefulness questions were collected using a Likert scale with a range from zero to nine. Most of 
the perceived usefulness questions were focused on the helpfulness of the technologies in 
assisting with answering the drill trajectory questions. The results for the questions determined 
which of the five-usefulness levels perceived by the students of the technology types. The 
usefulness levels were listed as follows: Not Much (1-2), Somewhat (3-4), Helpful (5-6), Very 
Helpful (7-8), Very Much (9). Statistical software R (version 3.3.1) was used to conduct the data 
analysis for the study with the integrated development environment RStudios. R is a statistical 
computer environment and language that was developed by Bell Laboratories. It provides a large 
variety of statistical and graphical capabilities and is an open source product [14]. 

Results and Data Analysis 

The next subsections are subdivided based on the research part described in the previous 
sections. Due to the small sample size and non-normality of the data set, the Kruskal-Wallis test, 
a non-parametric method, was used to analyze the statistical difference between independent 



variables evaluated in this research effort. If significance was found between treatments, the 
Kruskal-Wallis multiple comparison Test (R package “kruskalmc”) was used to evaluate the 
severity of significance between the treatments from the critical difference value.  

 

Part 2 Results 

After the completion of the phase, the students were given a survey that asked the 
following two questions: (Q1) “How helpful was the technology in visualizing the well path?” 
(Q2) “How helpful was the technology in your understanding of the drill path trajectory?” The 
results from the Kruskal-Wallis and Multiple Comparisons (MC) test results are shown below in 
Table 1 and Table 2.  

 
 Table 1: Part 2: Kruskal-Wallis results             Table 2: Part 2: Kruskal-Wallis MC results 

 
The Kruskal-Wallis test showed there was a significant difference between the perceived 

usefulness of using Excel versus the virtual teaching aid for both survey questions. The MC post-
hoc test shows the severity of the observed differences between the technology types and the 
critical difference value of significance. If the observed difference is greater than the critical 
difference, the difference between treatments will be significant. The box plot in Figure 6 below 
graphically shows the difference between the results. 

Figure 6: Part 2 Q1 & Q2 group type box plot 

The y-axis of the box plot represents the usefulness levels: Not Much (1), Somewhat (2), 
Helpful (3), Very Helpful (4), Very Much (5). The diamond represents the mean of the dataset. 
The plot shows that the students using the virtual teaching aid had an average mean value of 4.6 



and 4.8 respectively, and the students using Excel had an average mean of 3.2 and 3.2 
respectively in regards to the perceived usefulness of the technology type.  

 

Part 3 Results  

First, the students were given a survey that asked the following two questions: (Q1) 
“Which fault(s) intersect(s) with the wellbore?” (Q2) “Was identifying if the drill trajectory 
intersects the faults easy?” Question 1 was a multiple-choice question with the following 
options: (A) Green Fault (B) Red Fault (C) Neither (D) Both. The correct answer for this 
question was A. The plot in Figure 7 shows the results for both Q1 and Q2. 
 

Figure 7: Part 3: Q1 & Q2 survey results 

The results show that 50% of the students answered the question correctly using Excel 
and 100% of the students answered correctly using the virtual teaching aid. The students’ 
perceived level of ease in identifying the fault using the virtual teaching aid was an average mean 
of 4.9, and using Excel their average mean was 2.5. The results from the Kruskal-Wallis and 
Multiple Comparisons (MC) test results are shown below in Table 3 and Table 4. 
 

Table 3: Part 3 Kruskal-Wallis results                Table 4: Part 3 Kruskal-Wallis MC results 

 

For Q1, significance difference testing was based on fault selection correctness. The Kruskal-
Wallis test showed there was a significant difference in the fault selection correctness based on 
the technology type. However, the MC failed to show significance between the treatments. In 
regards to the perceived ease of identifying the intersecting fault, the Kruskal-Wallis and MC test 
showed a significant difference between the technology types used to solve the problem.  

 



Part 4 Results 

During this phase, the students were given a survey that asked the following questions: 
(Q1) “What is the location of the target with respect to the end point of the corrected survey?” 
(Q2) “Was the Excel aid useful in identifying how the tool error caused deviation from the 
target?” (Q3) “Was the VR aid useful in identifying how the tool error caused deviation from the 
target?” (Q4) “Was the VR aid more helpful than Excel in identifying the location of the target 
with respect to the endpoint?” Q1 was a multiple-choice question for which the students had to 
identify the new location of the wellbore trajectory’s end point. The students selected three 
options based on the cardinal direction of the corrected survey’s end point with respect to the 
target. The options were (North or South), (East or West), and (Deeper or Shallower). The 
correct answer was the new endpoint located northeast and deeper with respect to the target 
location. The Kruskal-Wallis test results are shown below on Table 5. 

 
Table 5A: Part 4 Kruskal-Wallis results           Table 5B: Part 4 Kruskal-Wallis results 

 
The Kruskal-Wallis test showed that there was not a significant difference between 

treatment groups for this phase of the study. In addition, a significant difference was not found 
between Q2 and Q3 as well with average perceived levels of usefulness scores of 4.7 and 4.6. 
However, a significant difference was found in the perceived usefulness of identifying the 
deviation from the target between technology types. The MC test is shown in Table 6 for Q4 
below.   

Table 6: Q4 Kruskal-Wallis MC results 

 

 

 

The MC post-hoc test results showed a large observed difference - critical difference 
comparison between technology types in regards to perceived usefulness. The virtual teaching 
aid and Excel perceived usefulness average mean scores were 4.6 and 2.2 respectively.  

 

Part 5 Results 

During this phase of the study—after the students were placed back into group—they 
were asked to provide kickoff angles and build rates that would not cause the trajectory to 



intersect with the fault. The students were able to provide up to five feasible solutions. The 
Kruskal-Wallis and MC test results are shown in Table 7 and Table 8 below.  
 

     Table 7: Part 5 Kruskal-Wallis results               Table 8: Part 5 Kruskal-Wallis MC results 

 
The Kruskal-Wallis test showed a significant difference between technology types for build rate 
and a significant difference for both treatment groups in regards to the kick off depth. The box 
plot shown in Figure 8 below shows that the kick-off depths reported by the students with an 
above 3.0 GPA average was 339 feet higher than students with GPAs below 3.0. Students using 
the virtual teaching aid kickoff depth was on average 392 feet higher that the Excel group and 
the build rate was 1.52  degrees per feet higher than the Excel group.  
 

Figure 8: Part 5 significant treatment box plot 

Discussion and Conclusion 

In regards to the perceived usefulness of the VR teaching aid compared to using Excel, 
the students concluded that using the virtual aid was significantly more helpful for understanding 
the wellbore drill trajectory concepts. For phase five, the results showed significance between 
technology type for both build rate and kickoff depth. However, this significance could be 

Build Rate 
Source Chi-Squared DF P-Value 

Group Type 4.622 1 .031 
GPA Group 2.138 1 .143 

Kickoff Depth  
Source Chi-Squared DF P-Value 

Group Type 6.67 1 .009 
GPA Group 5.801 1 .016 

 



skewed by the VR aid’s user interface design. Students using VR were limited in the range of 
available kickoff depths and build rates. When using Excel, students could input any range of 
numbers for both kickoff depth and build rate. In the future, VR  aided students could be 
provided a virtual keyboard to input numbers. Also, students will be required to identify the 
optimal path with minimum well length instead of only identifying feasible well paths. By 
providing an optimal goal, the hypothesis that the VR aid would provide more optimal results 
would likely prove successful. 

 
In the area of fault intersection detection, VR offered a clear advantage over Excel due to 

the ability to visualize the trajectory in 3D. The students found it difficult to identify the 
intersecting faults using 2D plots. Also, the VR environment facilitated the recognition of spatial 
relationships between the objects (wellbore and faults). This finding is both expected and 
significant. However, the 3D visualization did not seem to significantly affect the decision 
making of the students in regards to the displacement of the trajectory due to tool error and the 
results showed that there was not a significant difference between the groups. The team 
speculates that this lack of difference is because of the relatively small deviation from the target 
point, which made it difficult to confidently discern the actual deviation from target using the 
cardinal directions in both VR and Excel. In the future design changes to the virtual interface 
will be implemented to aid students to identify small changes easier. Even though the outcomes 
were roughly equal between the technology types, the students unanimously thought that the VR 
aid aided concept understanding more than Excel.   
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