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ABSTRACT

We tested the impact of a 15-minute VR training on spatial skills
and performance on a geoscience task with a control group. The
VR group improved more on the Water Level Task—a measure of
understanding of horizontal (B = 0.68, p=0.008). Both groups per-
formed equally on the geology task, except for an orientation rule
not well instructed in the VR module (B = -1.33, p=0.0057). In
the post-survey, the VR group reported higher ability to link knowl-
edge (X2=4.45, p=0.035) and more interest than in past activities
(X2=8.47, p=0.004). This is encouraging, given the brevity of the
VR lesson.

Index Terms: K.6.1 [Management of Computing and Information
Systems]: Project and People Management—Life Cycle; K.7.m
[The Computing Profession]: Miscellaneous—Ethics

1 INTRODUCTION

Geoscience requires strong spatial reasoning abilities, especially
3D skills like sense of direction, spatial visualization, and mental
rotation. Not surprisingly, geologists performed among the highest
in spatial reasoning skills among academic disciplines [3, 6]. Fur-
ther, a longitudinal study shows that spatial ability in adolescence
correlates with persistence in STEM fields [21]. However, these
skills are not directly trained in a typical undergraduate geoscience
curriculum. If spatial reasoning skills are so important for success
in geoscience and STEM fields, how can we better support their
acquisition in the classroom? We tested the use of Virtual Reality
(VR) to train spatial reasoning skills in college students both in the
abstract and applied to geoscience content.

Spatial reasoning is a set of cognitive skills that we use to un-
derstand and visualize objects or scenes in 2D or 3D. Research has
demonstrated multiple, separate skills on which individuals can have
variable ability levels. The skills that comprise spatial reasoning,
according to Newcombe and Shipley [16], are:

• Disembedding: The ability to pick out specific information
from a complicated image or scene.

• Spatial Visualization: Includes the ability to translate between
2D and 3D and to imagine changes to the shape of objects.

• Mental Rotation: The ability to visualize rigid-body rotations
of objects.

• Spatial Perception: Understanding extrinsic abstract spatial
concepts such as vertical and horizontal orientations.

*e-mail: johanesen@juniata.edu
†e-mail: jadamj@acm.org

• Perspective Taking: The ability to visualize an object or scene
from different points of view.

Ability levels in these spatial skills vary at the individual level and
have been demonstrated to correlate with upbringing and activities
from childhood onward [2, 8, 15]. Some studies show disparities
in gains in spatial performance by sex and race [22], indicating
that differences in acquisition of spatial reasoning skills may affect
equity, diversity, and inclusion efforts in STEM. Spatial reasoning
ability levels are malleable, with improvements shown through direct
training [13, 19].

One specific task almost every college geoscience student must
learn is measuring the orientation of an inclined plane. This is a com-
mon task performed by geologists in the field to gather data about
the position of folded rock layers and other features. It requires a
strong command of 3-dimensional spatial reasoning. The orientation
of an inclined plane is reported using two numbers: 1) the map
direction of a horizontal line on that plane reported as degrees from
north, called the strike, and 2) the angle of inclination of the plane
measured from horizontal, called the dip. Measurements are taken
using a handheld compass/clinometer tool. To successfully take a
measurement, geologists must identify the inclined plane in ques-
tion, visualize a horizontal plane intersecting with it, and position the
compass parallel to the line of intersection. Then, they turn the tool
on its side and use the clinometer to measure the slope of the steepest
line down the plane or the intersection of the plane with the vertical.
Each stage of this task requires multiple spatial skills, including
disembedding (isolating the plane to measure), spatial perception
(identifying an imaginary horizontal plane intersecting it), spatial
visualization (imagining a line of strike at that intersection), mental
rotation (imagining the possible ways to rotate the measurement
tool) and perspective taking (determining the right side from the
tool’s point of view).

We developed a VR lesson to build the requisite spatial skills
and then teach the task of measuring strike and dip. This study
tests the effectiveness of the VR lesson in improving spatial abilities
and teaching the strike and dip measurement task. In addition, we
explore responses to a short, post-experience survey.

2 METHODS

The experiment was conducted in a large university introductory
geology lab course, in which students participated in a two-hour
lab session during their regularly scheduled lab time. Four graduate
student Instructional Assistants (IAs) were trained to administer the
lab activities, and the researchers ran the VR training in a separate
room nearby. The participants were given a pre-test online prior to
their lab session and a post-test and demographic survey online af-
terwards. Entire lab sections were assigned to either VR or Standard
training, balancing groups for time of day, day of week, and ensuring
that each IA taught at least one lab with each training type. Both
groups watched a series of videos about measuring strike and dip
and received instruction from the IA about how to make a geologic
map. Next, the IAs administered a short paper survey of the Water
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Level Task (WLT). Next, each group completed a training activity.
Students who had not completed the online survey prior to class
were asked to do so before starting the training activity. Students in
the standard group were asked to practice their measurement skills
in the classroom. Students in the VR group spent 10-15 minutes in
a VR module designed to train strike and dip measurement with a
Brunton-style compass-clinometer. After completing their assigned
training, all students completed a geologic mapping lab activity that
involved measuring planes, identifying rocks, and plotting their data
to create a simple geologic map. Post-test activities included an
online survey administered outside of class time as well as a paper
WLT test completed at the beginning of lab the following week.

2.1 Participants and Recruitment
All participants were students in a large introductory geology course
serving mostly non-majors at a public university. Students partici-
pated in the activity as part of their regularly scheduled laboratory
session. All students were asked to complete the pre- and post-tests
as part of the laboratory activity. They were provided an informed
consent document and were allowed to opt out of their responses
being included in the study. All researchers completed Institutional
Review Board (IRB) training in advance of the experiment and the
procedure was determined to be exempt by the university’s IRB.

Approximately 200 students attended the class the week of the
study, of whom 160 consented to being included in the study. The
number of participants varies between tests due to some participants
skipping questions or not completing the post-test.

2.2 Materials
The pre- and post-tests consisted of three spatial measures: the
Spatial Vocabulary test, the Visualization of Views test, and the
Water Level task. In addition, measures of social desirability, verbal
ability, and spatial anxiety were taken on the pre-test. Demographic
and user experience questions were collected with the post-test. Part
of the lab activity consisted of a post-training Brunton test activity.

2.2.1 Spatial Vocabulary Test

The spatial vocabulary test was designed for this study to determine
whether participants understood the terms used in questions about
spatial concepts. We focused the questions on the terms used in
descriptions of orientation of objects. The questions are adapted
from terminology used in the class and were piloted with geoscience
majors and nonmajors to refine the instrument. The six-item match-
ing question asked participants to find the best definition for the
terms Vertical, Flat, Horizontal, Parallel, Orientation, and Perpendic-
ular. The definitions and terms remained the same for the pre- and
post-tests, but the order was changed.

2.2.2 Visualization of Views Test

We used a modified Visualization of Views (VoV) Test based on the
test first constructed by Guay [5] and subsequently modified by Eliot
and Smith [4]. This test measures perspective taking (visualizing
an object from a new viewing direction). Each test item consists
of a 2D sketch of a 3D object in a box and an alternate view of the
object at a new orientation. The corners of the box represent the
possible viewpoints to observe the original object and participants
are instructed to choose the viewing direction that would produce
the alternate view presented. This modified VoV test has been
utilized with undergraduate populations to successfully measure
spatial abilities [1].

2.2.3 Water Level Task

The Water Level Task (WLT) questions are modeled after Piaget
and Inhelder [17] and continued research use [11, 14, 20]. Liben et
al. [12] demonstrated construct validity of WLT by relating scores

Figure 1: Screenshots of the VR Geoscience module: a) a table
of vessels with an interactive WLT quiz on the wall behind; b) the
compass tool held in position to measure strike on the tilting table,
with automated strike readout in view; c) the tool held in position to
measure dip, with automated dip readout in view.

on the WLT with strike and dip tasks in geoscience, which are
recognized to require an understanding of the horizontal.

The participant is instructed “Below, you will see a series of tilted
water bottles on a horizontal line which represents a table. Fill in
the correct water line if the bottle was about half full and resting at
this angle.” The bottle is drawn tilted at five different angles with
a horizontal line representing the table beneath it. An example of
the test adapted to multiple choice for the VR module is pictured in
Figure 1.

The WLT questions were piloted with a separate group of 26
undergraduate students. Based on the pilot responses, we set a
cut-off of no more than 10 degrees from parallel for the angle of
the water and no more than 1 mm amplitude for curvature of the
water surface. The tests were scanned and angles from horizontal
measured using an image analysis tool. Amplitude is measured as
the largest deviation from a linear average of the curved line.

2.2.4 User Experience Questions

In the online post-activity survey, participants were asked to answer
questions describing their learning experience and comparing it to
other lab sessions in the course. The VR and classroom training
groups each received a separate version of the questions. These user
experience questions are provided in Table 11. A subset of questions
was asked only of the VR training group.
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Figure 2: Box plots of pre (1) and post-test (2) scores divided by
treatment condition (S = standard, V = VR) for the three spatial tasks:
a) Spatial Vocabulary, b) Visualization of Views, and c) Water Level
Task.

2.2.5 Instructional Videos
Prior to beginning the lab activity, students watched a series of three
videos and were given some instruction on creating a geologic map
by their Instructional Assistants (IAs). The first video, “Interpret-
ing Strike and Dip” [7] provides a simple overview of the concept
of strike and dip. The second video, “Intro to the Brunton Com-
pass” [9] provides detail on the relevant parts of the compass and
when they are used. The third video, “Using a Brunton” [10] ex-
plains the steps to measure the strike and the dip of a plane using a
compass/clinometer.

2.2.6 VR equipment
All participants in the VR group used a Meta Quest 2 Virtual Reality
headset. Researchers pre-loaded the VR module and guided users in
wearing and adjusting the equipment using a standardized script.

2.2.7 VR module
The VR module was developed in Unreal Engine 4. A guiding
concept of this work was to break down a complicated task into

the requisite pieces to support acquisition of the skills being taught.
This practice is supported by Cognitive Load Theory [18].

Upon starting the module, participants are immersed in a museum-
like space. Signs near the starting location guide participants through
basic use of the controllers to navigate. A solid line on the floor
traces a path through several tutorial stations and then on to the train-
ing activity. Each tutorial station teaches a new interaction: picking
up objects, using the laser pointer to select options and submit a
quiz. One table is covered in cubes the user can pick up, the other
has a submit and reset button with a wall of picture frames behind
it. Participants are instructed to select correct answers (images of
a check mark), then press the submit button. Upon selection, the
framed images are ringed in a white glowing light. After pressing
submit, the responses that are correctly selected (and correctly not
selected) are highlighted in blue, while incorrectly selected answers
(and incorrectly not selected answers) are highlighted in orange. The
white light remains when the scoring colors appear so that users can
view their own selections and reflect on their answers. No partici-
pants reported color blindness during this activity. Instructions also
suggest that users should try out some incorrect answers to see what
happens. A sign at the final tutorial activity instructs participants to
move on to the water level activity when they are ready.

At the water level station, a series of clear vessels that are half-
filled with liquid are posed on the table leaning on a crooked shelf
in various inclined positions. A sign instructs participants to pick
up the vessels and experiment with how their orientation affects the
liquid inside. On the wall to the left, the word “vertical” is painted
vertically in the style of an art exhibit. When participants move
closer, they can read a simple definition of vertical. On the floor
along that wall, “horizontal” is painted, also accompanied with a
definition placard. Behind the table of vessels is a wall of picture
frames that show a set of random Water Level Task multiple choice
items (Figure 1). A sign near the frames asks participants to choose
all the items that have the correct water level orientation, then click
the submit button to check their answers. The selection and scoring
mechanism is the same as in the tutorial. Signs ask participants to
try the quiz several times before moving on to the next station.

The next station features a display with several oversized Brunton-
style compasses in various positions. One is placed in a horizontal
position with the dial facing the ceiling. One is placed on its side to
illustrate setting up for measuring dip. Two more are arranged on
tilted planes with labels: one in the proper orientation for measuring
strike and the other oriented to measure dip. Signs instruct the
student to observe these and re-familiarize themselves with the
compass layout and correct positions for measurement.

The final station features a round table that can be tilted and
turned. Numbers beside the table automatically update to reflect its
current orientation. Signs near the table instruct students to move
and tilt it and observe how the strike and dip numbers change, then
use the compass attached to their hand to measure the plane and try
to reproduce the numbers in the display (Figure 1). The signs instruct
the student to adjust the table and repeat the measurement at least
four times before exiting the VR experience. In total, participants
spent 10-20 minutes in the VR module.

2.2.8 Standard Assignment

Participants in the standard groups first watched the same introduc-
tory videos and completed the same WLT pre-test as the VR groups.
After this, the IA reviewed the basics of measuring with a com-
pass/clinometer and asked the whole class (each with a compass in
hand) to point north, then east, to practice basic compass directions.
The IA then instructed students to practice measuring strike and dip
on small cardboard planes at their seats. The students were asked to
measure the various sides of the cardboard wedge at four different
orientations. When this was complete, students then moved on to
the Geologic Mapping Activity.
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Table 1: Responses to the post-activity user experience questions (n=94: 49 VR and 45 Standard group), reporting numbers of a) True (T)
and False (F) responses and percent true responses for each treatment condition (VR = experimental virtual reality, Std = Standard classroom
instruction), b) collapsed Likert scale responses (A = somewhat agree + strongly agree, D = somewhat disagree + strongly disagree, neutral not
shown) and percent agree for each treatment condition, and c) binary responses to questions about the ease and interest in the laboratory activity.
Chi-square of differences and p are reported for all questions asked of both treatment groups: p < 0.01 in bold with *, p < 0.05 in bold.

Question VR Std 
a. True/False T F %True X2 p 

63 31 73% 60% 1.36 0.243 
82 12 88% 87% 0.00 1.000 
53 41 65% 47% 2.60 0.107 
75 19 86% 73% 1.53 0.216 
78 16 92% 73% 4.45 0.035 

83 11 86% 91% 0.24 0.623 
43 6 88% NA 
40 9 82% NA 

I became more interested to learn about geologic mapping 
I am confident and can understand the basic concepts of Strike and Dip 
Measuring Strike and Dip is fun to do 
I can apply what I’ve learned in this lab in a real context 
I was able to link new knowledge with my previous knowledge and experiences 

I expect to do well in this course 
This VR experience helped me learn 
This VR experience allowed me to be more responsive and active in the learning process 
Learning how to use this VR application was too complicated and difficult for me 23 26 47% NA 

b. Likert Scale (reduced to agree/neutral/disagree) A D %Agree 
67 10 63% 80% 4.98 0.083 

32 6 65% NA 
59 9 63% 62% 0.09 0.954 
31 38 29% 38% 3.12 0.210 
29 7 59% NA 
33 6 67% NA 
29 5 59% NA 

I gained a good understanding of the basic concepts of geologic mapping 
The ability to manipulate the objects within the virtual environment makes learning 
more motivating and interesting 
I was satisfied with this [VR-based] learning experience 
This [VR/learning] experience was boring 
This VR experience allowed me to have more control over my own learning 
This VR experience helped me engage in the learning activity 
The realism of the VR experience helps to enhance my understanding 
Overall, I think this VR application is easy to use 30 5 61% NA 

c. Binary Responses + - %+ 
Compared to other labs this semester, this lab was: easier (+), more difficult (-) 52 42 65% 44% 3.33 0.068 
Compared to other labs this semester, this lab was: more interesting (+), less interesting (-) 72 22 90% 62% 8.47 0.004* 

2.2.9 Geologic Mapping Activity

Following the experimental or standard training session, students
used the remaining time in lab to construct a simplified geologic
map in the classroom using mock outcrops. The mock outcrops
consist of five stations with tilted boards and rock samples, arranged
in the shape of a folded rock structure. At each station, students
identified the rock and measured the orientation of the plane. Finally,
they plotted their measurements on a simplified map (with numbered
positions for each station) and drew in contacts between the rock
units.

The strike and dip measurement portion was designed to be a
post-test activity. Because of this, IAs were instructed to have
students work alone for the measurement portion of the activity.
Unfortunately, this was not achieved, evidenced by nearly identical
answer sets in many lab sessions.

3 RESULTS

These results focus on direct comparison of spatial test and Brun-
ton test scores between the two treatment groups, as well as their
response to user experience questions. Other factors, including the
influence of demographic factors, spatial anxiety, or interactions
between multiple factors are beyond the scope of this paper.

3.1 Spatial Tests
Linear regression shows no difference between treatment groups
on pre-test scores on the Spatial Vocabulary (n=149) and Visualiza-
tion of Views (VoV) (n=102) tests, indicating that the two groups
were relatively equivalent in these spatial abilities (Table 2). The

VR group’s pre-test scores on the Water Level Task (WLT) were
significantly lower than that of the standard training group (B= -
0.63, p=0.024), indicating a pre-existing difference in this ability.
Both treatment groups showed minor improvement from pre-test to
post-test for Spatial Vocabulary. Both groups showed no significant
difference in pre- vs. post-test scores on the VoV test (Figure 2).
Only the VR training condition group showed improvement on the
WLT.

To further explore the impact of the two training conditions on
spatial scores, we calculated difference scores for each test (post-
pre). Linear regression analysis of difference scores (Table 3) shows
no relationship between difference scores and training condition for
the Spatial Vocabulary (p=0.387, n=86) and VoV (p= 0.737, n=49)
tests. The VR group showed 11% higher improvement scores on the
WLT compared to the standard group (p = 0.008, n=95).

3.2 Strike and dip task
Initial scoring and analysis of the strike and dip task responses re-
vealed that the majority of students in eight of the lab sections had
nearly identical responses within the section. As identical mea-
surements of strike and dip are unlikely even among experts due to
natural variations in the surface and measurement tool, we concluded
that these lab sections collaborated and that their responses do not
reflect the individual’s comprehension of the content in question. To
resolve this issue, we used a subset of four lab sections in which
students submitted unique responses (n=41).

Table 4 reports linear regression results for each component of the
measurement task, with two ways of scoring the strike responses. We
found no significant differences on the strike and dip task except with
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Table 2: Simple linear regression results for pre-test scores on the
three spatial tests as predicted by training condition. p < 0.05 in bold.

y x B SE t p F(df) R2 
(adj) 

vocab (intercept) 4.62 0.20 22.65 <0.001 0.012 
(1, 145) 0.91 

training -0.03 0.27 -0.11 0.913 

VoV (intercept) 5.92 1.22 4.86 <0.001 0.022 
(1, 100) -0.01 training -0.23 1.59 -0.15 0.883 

WLT (intercept) 4.76 0.21 23.05 <0.001 5.20  
(1, 150) 0.03 

training -0.63 0.28 -2.28 0.024 

Table 3: Simple linear regression results for difference scores on the
three spatial tests as predicted by training condition. p < 0.01 = bold
with *.

y x B SE t p F(df) R2 

(adj) 

Vocab (intercept) 0.31 0.28 1.09 2.770 0.7551 
(1, 84) 0.00 training 0.33 0.38 0.87 0.387 

VoV (intercept) 1.48 1.01 1.47 0.148 0.1145 
(1, 47) -0.02 training 0.46 1.36 0.34 0.737 

WLT (intercept) -0.02 0.18 -0.13 0.900 7.448 
(1, 93) 0.06 

training 0.68 0.25 2.73 0.008* 

application of the right-hand rule (RHR). The classroom instruction
group performed 26% higher on the strike task when the RHR was
taken into account (p = 0.006), but this difference does not persist
when scoring is agnostic to the RHR (no RHR in table 4).

3.3 User experience responses

Responses by training condition are provided in Table 1. Responses
from both training groups were generally positive. The total number
of responses used in this portion of the study was 94: 49 from the VR
group and 45 from the classroom group. The VR group gave strong
positive responses to the True/False questions “This VR experience
helped me learn” (88% true) and “This VR experience allowed me
to be more responsive and active in the learning process” (82%
true). Chi-squares of the True/False questions show no significant
differences between the VR and classroom training groups, except
for the question “I was able to link new knowledge with my previous
knowledge and experience,” in which the VR group scored 19%
higher.

Likert-scale responses were collapsed into three categories for
analysis: somewhat agree and strongly agree were collapsed into
“agree” and somewhat and strongly disagree collapsed into “dis-
agree.” Total agree and disagree responses and percent agree for
each training group is reported in Table 1, as well as Chi-squares
for the Likert-scale questions that were asked of each group. No
significant differences were found between groups for the three
Likert-scale questions (n=94).

Of the two final, binary response questions asked of all partici-
pants, the VR group scored 38% higher (more interesting) on the
question “Compared to other labs this semester, this lab was more
interesting/less interesting.”

Table 4: Simple linear regression results for strike and dip scores as
predicted by training condition. p < 0.01 = bold with *.

y x B SE t p F  
(1, 39) 

R2 

(adj) 

strike  
(w/ RHR) 

(intercept) 3.12 0.35 8.99 <0.001 
8.56 0.01 

training -1.33 0.45 -2.93 0.0057* 

strike  
(no RHR) 

(intercept) 3.53 0.32 11.02 <0.001 
0.02 -0.03 

training 0.05 0.42 0.13 0.898 

dip (intercept) 2.53 0.40 6.27 <0.001 
2.83 0.04 

training 0.89 0.53 1.68 0.101 

4 DISCUSSION

The VR lesson successfully improved participant scores on the Wa-
ter Level Task (WLT), but had no effect on Spatial Vocabulary or
Visualization of Views (VoV) scores. Spatial Vocabulary scores were
high in both groups on the pre-test, which may make it difficult to
measure any improvement due to a ceiling effect.

The measured improvement on the WLT should be interpreted
with caution. The standard group received no instruction on the
WLT, while the VR group received practice on this task within the
lesson. It is therefore reasonable that they would have higher scores
on this task. Another possible reason we see improvement in the VR
group only on the WLT may be that they started with a lower mean
score on this test (on the pre-test). If more of the standard group
scored the maximum score on the pre-test, their mean difference
score or improvement would be lower.

Convenience sampling and dividing by labs leads to less control
over group composition. We were unable to prevent a between-
groups difference in WLT pre-test scores. We believe that the bene-
fits of preserving ecological validity outweigh these limitations.

One possible explanation for the lack of observed improvement
on Spatial Vocabulary and VoV tests include the short duration of
training. The VR and classroom lesson portion of this experiment
lasted between 10-20 minutes. It would be unreasonable to expect
dramatic changes in mental abilities from such a short training period.
An additional complicating factor is the low participation rate on the
VoV task. Many participants skipped these questions on the post-
test, resulting in complete results for only 49 participants. A simple
solution to this issue in future studies would be to force response to
all spatial task questions in both the pre- and post-tests, though this
might lower overall test completion rates due to participants quitting
early.

The VR lesson appears to be as good as classroom instruction in
teaching the skill of measuring strike and dip, except for application
of the right-hand-rule to strike measurements. The VR training did
not have an interactive mechanism to explain the right-hand rule.
This was explained in the introductory videos (watched by all partic-
ipants) and on signage within the VR lesson. The classroom practice
group had the opportunity to ask questions about this concept and
receive feedback from their IA, which may have given them an
advantage on this aspect of the strike and dip measurement.

The collaboration issue on the post-training strike and dip mea-
surement task emphasizes the need to work closely with IAs to
determine the most feasible procedures. Perhaps labeling this activ-
ity as a “quiz” would reduce collaboration. Another option would be
to send a few students at a time to a separate room (with supervision)
to complete the task, however this may be challenging in a two-hour
laboratory session.
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The VR training group showed considerably higher positive re-
sponses to the true/false question “I was able to link new knowledge
with my previous knowledge and experiences” and the binary ques-
tion “Compared to other labs this semester, this lab was (more/less)
interesting.” Responses were more neutral to questions about the
difficulty or ease of use of the VR lesson. These responses affirm the
importance of user experience in the design of VR lessons. Some
improvements we believe would help improve this score are audio
instructions, pop-up reminders of the how-to instructions when a
user is idle for too long or “wanders off,” and more dynamic in-
structions for using the strike and dip tool (with 3D animation, for
example). We were not able to separate the effect of novelty from
the value of the VR lesson in this study.

5 CONCLUSIONS

This experimental study evaluated the use of a geology-specific VR
spatial training module to improve spatial skills and train geology
skills in a geology class. The results are encouraging, but not deci-
sive, regarding the effectiveness of the VR module in training spatial
skills and strike and dip measurement.

• Students in the VR group showed higher levels of improvement
on the Water Level Task (WLT) measure of horizontal, however
caution should be used in interpreting this since the VR group
had lower pre-test scores on this test. This shows that VR has
the potential to improve spatial skills, though further study is
needed to isolate the magnitude of this improvement.

• There was no difference between groups in performance on
the geology-specific task of measuring strike and dip, except
when the “right hand rule” of strike orientation was taken into
account. This indicates both VR and classroom instruction
teach the skill equally well, though the VR software was less
specific about the right hand rule.

• In user experience questions, students in the VR group re-
ported a higher degree of ability “to link new knowledge
with. . . previous knowledge and experiences” and found this
lab activity to be more interesting than other labs that semester
to a higher degree than the classroom experience students.

Given the positive outcomes and responses despite the brevity and
user-reported difficulty, the VR lesson appears to be a promising
tool for training novice geoscience students. Several aspects of the
program need to be further refined, however, to increase accessibility
and maximize the benefits. Future work should include longer
duration or repeated practice VR lessons to increase the impact on
geoscience spatial skills.
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