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Abstract

Due to the importance of depth perception in virtual spaces, the com-
bined effects of display devices and human factors on egocentric distance
estimation were investigated. We developed a virtual environment that can
assess distance estimation skills of users at 10 various distances, starting from
25 cm and ending at 160 cm. Our results show that people are either accu-
rate or overestimate distances on a desktop display, while underestimation
occurs with the Gear VR in most cases. Combined with display devices,
human factors also had effects on distance estimates. With the Gear VR,
35.73% − 57.14% faster estimation times were obtained, and these can also
be influenced by human factors and distances.

Keywords: desktop display, distance estimation, Gear VR, human-computer
interaction, immersion, virtual reality

1 Introduction

The definition of egocentric distance is the distance between the observer and the
object. The perception of egocentric distances is crucial as it is required for reach-
ing, grasping, and interception tasks [4, 25]. Since this is a cognitive skill, it can be
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trained over time [26]. As virtual spaces can stimulate cognitive functions [19, 22],
this skill can be improved using virtual reality (VR) technologies [1]. Since VR also
redefines human-computer interfaces, interaction with VR applications can differ
between each of them [20]. When designing and creating virtual environments
(VEs), developers should also focus on humans [9, 33]. They are equally important
as other, non-human parts of a VR system [32, 21, 15], and they also play a crucial
role in it [5]. Because humans are important in such a system, cognition is also of
crucial importance [2, 17]. Therefore, VEs should be carefully designed, since they
can affect spatial skills [29, 14, 11].

Due to the complexity of a VR system, several factors can affect egocentric
distance estimation. These include human, technical, and compositional factors,
along with distance itself [31, 34]. Consequently, distances are perceived differently
in VEs [35, 18]. Depending on the display device used and distances, accuracy
of estimates can change in a VR system. We also examined in another study
that display devices can affect egocentric distance estimation [13]. For improved
depth perception, users should be provided with binocular disparity [31, 8, 24].
Regarding human factors, gender could have an effect [10, 6], although there are
conflicting observations in the literature [7, 16, 28]. Murgia and Sharkey assessed
the height of participants, but no significant effects were observed in their research
[27]. However, according to another study [23], if the virtual height is varied, an
effect could appear. Age can also influence distance estimation [30]. As shown in
the study by Bian and Andersen [3], the accuracy of distance estimates can increase
with age. In our other study [12], we came to the conclusion that the possibilities
of correct estimates can be affected by multiple human factors.

Naturally, there are other human factors beside gender, height, and age. There-
fore, to understand the effect of several human factors, we evaluated multiple factors
in addition to gender and height. In other words, we investigated the influence of
handedness, video game playtime a week, what the participants study, and whether
they wore glasses or had previous VR experience. Regarding technical factors, we
examined immersion level with two display devices: a desktop display and the
Gear VR. We also formed the following research question: Does immersion level
combined with these human factors influence egocentric distance estimation and its
time? To find an answer to this research question, we have developed a VE that
can be used with the two display devices mentioned above. We used this VE to
assess the egocentric distance estimation skills of several participants. While we
have assessed the influence of human factors on the probabilities of correct distance
estimates and the effect of display devices on estimates in other studies [13, 12], we
have not compared the actual results grouped by human factors.

The structure of the article is as follows. In Section 2, we detail the materials
and methods used in this research. Section 3 shows the results, while they are
discussed in Section 4. Conclusions can be found in Section 5.
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2 Materials and methods

The aforementioned VE can be used with a desktop display on PC, or with the
Gear VR on Android. The used desktop display was an LG 20M37A (19.5”) de-
vice, while the Gear VR had a Samsung Galaxy S6 Edge+ inside it. Overall, the
egocentric distance estimation skills of 239 participants were measured. 157 people
(minage = 17,maxage = 38,Mage = 19.80, SDage = 2.09) used the desktop display,
while 72 (minage = 18,maxage = 42,Mage = 22.51, SDage = 6.63) used the Gear
VR. Those participants who used the desktop display were either civil engineering,
mechanical engineering, or vehicle engineering students. Contrarily, those who used
the Gear VR were IT students. Participants joined the study of their own volition
and no names were gathered. Before the measurements commenced, they had to
input some parameters such as the age, gender, height, etc. in the VE’s menu.

Participants could not move in the VE. Only the virtual camera could be rotated
either with a mouse on PC or with their head on Android. This camera was
placed at their actual height. Everyone had to estimate the egocentric distances to
cubes, spheres, or cylinders between 25 cm and 160 cm at 15 cm intervals. Each
of these had to be estimated twice in randomized order. Therefore, they had to
estimate distances 20 times, one per round. For the last 10 rounds, a scale appeared
on the ground. This scale consisted of 17 cubes and the dimension of each was
10 cm × 10 cm × 10 cm. In the PC version, the estimates had to be entered into
an input box, while the participants had to verbally estimate in the Android version
and a researcher typed the estimates into the dataset at the same time. Then, the
participants had to look up at the ceiling and press enter or the touchpad on the
Gear VR to advance to the next round. Figure 1 shows a test on the PC version.

(a) A test with a cube. (b) A test with a cylinder.

Figure 1: Two tests with different objects.

If a round was finished, the collected data would be saved into a CSV file.
Therefore, all human, technical, and display factors were written in a line inside
the previously mentioned file. Even compositional factors were saved, but they were
not focused on in this research. Each participant had 20 lines of data as there were
20 round on the test. It should be noted that before the whole procedure started,
participants were informed about the process. We told them how to look around
the VE and how to estimate in the respective version of the virtual space. The
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room’s dimensions and scale’s dimensions were also told to them. However, they
were not informed about the investigated distances as well as the 15 cm intervals.
We only mentioned that the distance was never zero. Still, zero was entered 10
times on PC, and one time in the VR version. For participating in the research,
the students were motivated with extra points on certain subjects at the university.
However, few students estimated distances very quickly, indicating that they only
participated in the study because of the extra points. This could explain the outlier
values.

Data distributions were assessed with the Shapiro-Wilk test in both ver-
sions. Neither the distribution of estimates in the PC version was Gaussian
(W = .88, p < .001), nor in the Android version (W = .79, p < .001). The distri-
butions of estimation times were also non-Gaussian in the PC (W = .71, p < .001),
and in the Android version (W = .68, p < .001). Thus, the Wilcoxon rank sum
test was used when either the estimates or their times were compared between plat-
forms, while the test’s signed rank variant was used for comparing the estimates
to the actual distances. An α = .05 was chosen for the analyses. This value rep-
resents the probability of committing a Type I error, which occurs when the null
hypothesis is incorrectly rejected. This α value also establishes a threshold against
which p-values are compared to determine statistical significance. In other words,
if p ≤ .05, we can consider the results statistically significant and we can reject the
null hypothesis. If p > .05, we cannot consider the results statistically significant,
meaning there is insufficient evidence to reject the null hypothesis.

3 Results

This section is divided into multiple subsections. Each of them involve results
regarding a human factor. Before presenting them, however, the general results are
shown in this section. The results regarding estimates are observable in Figure 2,
while those that involve estimation times are presented in Figure 3. Box plots were
used to illustrate the results. They allow to see the minimum, maximum values,
the median, the quartiles and the outliers in a graphical form. Outlier values are
shown with dots, while the median is represented by a black line in the boxes.

The same distances on both platforms were compared. The two smallest dif-
ferences were at 145 cm (W = 25514, p = .026), and at 160 cm (W = 25814,
p = .014). The differences were strongly significant for the remaining distances as
p < .001.

When we compared the estimates with the actual distances in the PC version,
not all of them were significant; however, most of them was overestimated. Between
40 cm and 160 cm, these were below 10%. Significant overestimates were found at
130 cm (V = 20885, p = .017), and at 160 cm (V = 21559, p = .014).

Contrarily, when comparing the estimates with actual distances in the Android
version, most underestimates occurred at all distances except at 25 cm. Therefore,
the distances were overestimated for the latter. The results of the comparisons were
the following: 25 cm (V = 2610, p = .001), 40 cm (V = 1426, p < .001), 55 cm
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Figure 2: Estimates on both versions at every investigated distance.

Figure 3: Estimation times on both versions at every investigated distance.
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(V = 1718, p < .001), 70 cm (V = 1301, p < .001), 85 cm (V = 2224, p < .001),
100 cm (V = 976, p < .001), 115 cm (V = 2893, p < .001), and 130 cm (V = 2334,
p < .001). The underestimates at 145 cm and 160 cm were not significant.

As can be seen in Figure 3, estimation times were also compared between plat-
forms. The results show that those who used the Gear VR, were significantly
faster in estimating distances (29260 ≤ W ≤ 35550, p < .001). Depending on
the distances, the distance estimation process of the students became faster by
35.73% − 57.14%.

3.1 Analyses by gender

128 males and 29 females used the PC version, while 49 males and 23 females used
the Android version. Their estimates and estimation times can be observed in
Figures 4 and 5. When comparing estimates to actual distances in the PC version,
the following two significant differences were found in case of males: at 40 cm
(V = 9762, p < .032) and at 70 cm (V = 9124.5, p = .015). In case of females, only
one significant difference was found at 160 cm (V = 943, p = .043). However, in the
Android version, the number of significant differences increased. For males, they
were found between 25 cm and 130 cm (393.5 ≤ V ≤ 1304, p < .015). Contrarily,
in case of females they were observable up to 115 cm (111.5 ≤ V ≤ 317.5, p < .038).
Overall, males were 31.44% and 34.38% accurate in the PC and Android versions,
respectively. The accuracy of females was 34.65% and 40.43%, respectively.

Regarding estimation times, they were significantly different between display
devices at all distances in case of males (17191 ≤W ≤ 20103, p < .001). However,
in terms of females, these types of differences were only found between 40 cm and
160 cm (1826 ≤ W ≤ 2113, p < .001). Thus, the time it took for females to
estimate distances at 25 cm was similar between the investigated display devices.

3.2 Analyses by handedness

122 right-handed and 35 left-handed students used the PC version. The An-
droid version was used by 67 right-handed and 5 left-handed students. Their
estimates and estimation times can be seen in Figures 6 and 7. Regarding right-
handed students in the case of the PC version, significant differences between es-
timated and actual distances were found at 40 cm (V = 8597, p = .011), 70 cm
(V = 8292, p = .007), and 160 cm (V = 13025, p = .037). Four significant differ-
ences were found in case of left-handed students in this version. These were at 25 cm
(V = 1559, p = .008), 100 cm (V = 888, p = .006), 130 cm (V = 1497, p < .001),
and 145 cm (V = 1501, p = .044). When the results of right-handed students
were analyzed in the Android version, significant differences occurred up to 145 cm
(923 ≤ V ≤ 3289.5, p < .044). Regarding left-handed students, significant differ-
ences could be found up to 115 cm (0 ≤ V ≤ 7.5, p < .044). Overall, the accuracy
of both groups on both platforms was quite similar. 32.21% and 36.34% of the esti-
mates of the right-handed students were accurate on PC and Android, respectively.
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Figure 4: Estimates on both versions at every investigated distance grouped by
gender.

31.42% and 36% of the estimates were accurate in the case of left-handed students
on the respective two platforms.

When the estimation times were investigated, the following could be observed.
The estimation times of right-handed students were significantly different between
the two display devices (21233 ≤ W ≤ 25401, p < .001). Similarly to females, the
estimation times of left-handed students were only significantly different between
the display devices from 40 cm to 160 cm (487 ≤W ≤ 634, p < .047).
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Figure 5: Estimation times on both versions at every investigated distance grouped
by gender.
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Figure 6: Estimates on both versions at every investigated distance grouped by
dominant hand.
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Figure 7: Estimation times on both versions at every investigated distance grouped
by dominant hand.
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3.3 Analyses by height

The students who took the tests in the PC, had an average height of 178.72 cm,
while 175.86 cm in the Android versions. The standard deviations were 9.51 cm
and 10.26 cm, respectively. The number of students grouped by display device and
height can be seen in Table 1. Their estimates and estimation times can be found
in Figures 8 and 9.

Table 1: The number of students in the dataset, grouped by display device and
height (cm).

Height (cm) Desktop display Gear VR
150–154 2 1
155–159 3 2
160–164 6 7
165–169 16 13
170–174 15 8
175–179 34 13
180–184 30 12
185–189 33 10
190–194 11 3
195–199 5 3
200–204 2 0

The most common height range among students using a desktop display
was 175–179 cm (34 students). This was followed closely by students in the
180–184 cm and 185–189 cm ranges. The smallest number of students was in
the height range of 200–204 cm. In contrast, students using Gear VR were most
frequently found in the 165–169 cm range (13 students). It can also be seen that
fewer students were taller than 190 cm, and the number of Gear VR users decreases
in the highest height range (200–204 cm, with zero users).

When comparing estimates to actual distances in the PC version, six significant
differences were found. The first two were observed in the case of students whose
height was between 160 cm and 164 cm. These differences were observed at 85 cm
(V = 67, p = .029), and 160 cm (V = 52, p = .013). The next three were found
when the height of the students was between 175 cm and 179 cm. These were
observed at 40 cm (V = 565, p = .024), 55 cm (V = 759, p = .04), and 70 cm
(V = 595, p = .028). The last one was observed at 160 cm (V = 1075.5, p = .023),
when the students’ height was between 185 cm and 189 cm. 24 significant differences
were found in the Android version. One was observed between the heights of 160 cm
and 164 cm at 40 cm (V = 13, p = .013). Six were between the heights of 165 cm
and 169 cm among the distances of 25 cm and 100 cm (8 ≤ V ≤ 75.5, p < .039).
Two were observed between the heights of 170 cm and 174 cm, at the distances of
70 cm (V = 10.5, p = .003) and 100 cm (V = 12, p = .037). Seven were between
the heights at 175 cm and 179 cm. These were observable between 25 cm and 130 cm
(0 ≤ V ≤ 73.5, p < .016). Four were observable between the heights of 180 cm and
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184 cm, at the distances of 40 cm (V = 38, p = .012), 55 cm (V = 46.5, p = .016),
70 cm (V = 27.5, p = .006), and 100 cm (V = 8, p < .001). Two were between the
heights of 190 cm and 194 cm. These were observable at 115 cm (V = 0, p = .035),
and 145 cm (V = 0, p = .035). The final one was between the heights of 194 cm
and 199 cm at the distance of 130 cm (V = 0, p = .031).

Figure 8: Estimates on both versions at every investigated distance grouped by
height.

When the estimation times were examined between the display devices, the
following could be observed. There were no significant differences in the height
groups of 150–154 cm, 155–159 cm. This was also true for the group of 200–
204 cm, although no student was that tall who used the Android version. Starting
from the height of 160 cm, significant differences in time appeared from 55 cm.
From the height of 170 cm, significant differences started at 25 cm. However, at
the height 190 cm or above, the numbers of these differences decreased.
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Figure 9: Estimation times on both versions at every investigated distance grouped
by height.

3.4 Analyses by whether students wore glasses

In the case of the PC version, 66 students had glasses and 91 did not wear them.
These numbers were 32 and 40, respectively, in the Android version. Their estimates
and estimation times can be observed in Figures 10 and 11. Regarding students with
glasses, three significant differences were found in the PC version when estimates
were compared with actual distances. These were found at 130 cm (V = 3850,
p = .045), 145 cm (V = 4713, p = .219), and 160 cm (V = 4353, p = .022). One
significant difference was observed at 70 cm (V = 4687, p = .037) in case of students
with no glasses. Regarding the Android version, significant differences were found
between 40 cm and 115 cm (194.5 ≤ V ≤ 620, p < .022) when the results of
students with glasses were looked at. In this version, significant differences were
found between 25 cm and 130 cm (295.5 ≤ V ≤ 849.5, p < .001) in case of students
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who wore no glasses. Still, those who had glasses were more accurate as their
accuracy was 33.63% in the PC, and 40.46% in the Android version, respectively.
These numbers were 30.87% and 33% in case of those without glasses, respectively.

Figure 10: Estimates on both versions at every investigated distance grouped by
whether glasses were worn.
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Regarding estimation times grouped by whether one wore glasses, the following
can be concluded: significant differences in estimation times could be found between
the two display devices. These differences were less likely to have occurred by chance
in the case of those who had glasses (5305 ≤W ≤ 6506, p < .003), than those who
did not wear them (9582 ≤W ≤ 11739, p < .001). Since all were significant, it did
not matter whether glasses were worn.

Figure 11: Estimation times on both versions at every investigated distance grouped
by whether glasses were worn.
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3.5 Analyses by video game playtime a week

According to the students, most of them did not play video games at all. However,
many students played video games between 5–10 hours or 11–19 hours a week.
The number of students grouped by display device and gaming hours a week can
be observed in Table 2. Their estimates and estimation times can be seen in
Figures 12 and 13.

Table 2: The number of students grouped by display device and gaming hours a
week.

Gaming hours per week Desktop display Gear VR
0 42 21

1–2 31 8
3–4 18 8
5–10 32 18
11–19 20 10

20 or more 14 7

As can be seen in Table 2, the majority of students using a desktop display
reported either 0 gaming hours (42 students), 1–2 hours (31 students) or 5–10
hours (32 students) per week. Similarly, most Gear VR users also fell into the zero
gaming hours category (21 students). In the case of both devices, fewer students
engaged in more than 20 hours of gaming per week: only 14 desktop display users
and 7 Gear VR users were in this category.

When comparing estimates with actual distances, three significant differences
were found between them in the PC version. One was at 25 cm in case of those
who do not play video games (V = 1962.5, p = .034). Another at 70 cm in the
case of those who play 1–2 hours a week (V = 491.5, p = .047), and the last one
at 160 cm in the case of those who play 5–10 hours a week (V = 968, p = .011).
Similarly to previous factors, the number of significant differences arose in the
Android version. They were found between 40 cm and 85 cm in case of those
who play zero hours a week (71 ≤ V ≤ 185, p < .028). Significant differences
started at 55 cm and ended at 160 cm in case of those who play 1–2 hours a week
(1 ≤ V ≤ 19.5, p < .023). Three such differences were observed in the case of
those who play 3–4 hours a week: at 40 cm (V = 10, p = .043), 70 cm (V = 7.5,
p = .014), and 100 cm (V = 12.5, p = .04). Those who play 5–10 hours a week had
significant differences between 55 cm and 100 cm (78.5 ≤ V ≤ 157.5, p < .035).
Two significant differences were observed in case of those tho play 11–19 hours a
week: at 55 cm (V = 26, p = .017), and at 100 cm (V = 4.5, p = .001). In those
who played 20 or more hours, four significant differences were found: at 40 cm
(V = 3, p = 051), 55 cm (V = 6, p = .006), 70 cm (V = 9, p = .019), and 100 cm
(V = 2, p = .029). In the PC version, those who did not play video games at all
were the most accurate (33.80%). They were followed by students who play 5–10
hours a week (33.12%), 3–4 hours a week (33.05%), 1–2 hours a week (30.64%),
11–19 hours a week (30%), and lastly, 20 or more hours a week (28.92%). In the
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Android version, the order of accuracy was the following: those who play 3–4 hours
a week (41.25%), zero hours a week (41.11%), 11-19 hours a week (36.5%), 20 or
more hours a week (36.42%), 5–10 hours a week (33.33%), and finally, 1–2 hours a
week (25%).

Figure 12: Estimates on both versions at every investigated distance grouped by
video game playtime.
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Regarding estimation times between the two display devices, the number of
non-significant differences increased as the playtime a week increased. The number
of such differences was as follows. Zero in the case of those did not play at all, one
in the case of those who play 1–2 hours a week (at 25 cm), zero in the case of those
who play 3–4 hours a week, one in the case of those who play 5–10 hours a week (at
40 cm), three in the case of those who play 11–19 hours a week (at 25 cm, 40 cm,
and 145 cm), and five in the case of those who play 20 hours or more a week (at
25 cm, 40 cm, 55 cm, 70 cm, 85 cm, and 160 cm).

Figure 13: Estimation times on both versions at every investigated distance grouped
by video game playtime.
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3.6 Analyses by whether the participants had previous VR
experience

In the PC version, 57 students indicated that they had previous VR experience,
while 100 indicated that they did not. These numbers were 29, and 43 in the An-
droid version, respectively. As before, the estimates were first compared to actual
distances. Their estimates and estimation times can be found in Figures 14 and 15.
For those who had previous VR experience, only one was found at 145 cm
(V = 3986.5, p = .009) in the PC version. No significant differences were found
for those who had no previous VR experience. In the Android version, significant
differences could be found from 40 cm to 145 cm in case of people who had pre-
vious VR experience (150.5 ≤ V ≤ 461.5, p < .038). If those who did not have
this kind of experience were investigated, significant differences were observable up
to 130 cm (367 ≤ V ≤ 1159, p < .007). Regarding the estimates of those people
who had previous VR experience, 33.68% of them were accurate in the PC version.
This number was quite similar in the Android version: 33.27%. On the contrary,
those who did not have this kind of experience were less accurate on PC (31.1%).
However, these participants were more accurate in the Android version (38.37%).

When the estimation times were analyzed by whether the participants had pre-
vious VR experience, the following could be concluded: Significant differences could
be found between the two display devices in both groups at all distances. The sig-
nificance of the estimation times for those who had previous VR experience was
less likely to have occurred by chance (4444 ≤ W ≤ 5121, p < .001) than in the
case of those who did not have such experience (10822 ≤ W ≤ 13602, p < .001).
Still, it did not matter whether one had previous VR experience.

3.7 Analyses by what the participants study

From those who used the PC version, 81 were civil engineering, 27 were mechanical
engineering, and 49 were vehicle engineering students. All those who used the
Android version were IT students (72). As this fact reduced the number of possible
comparisons, only the estimates of engineering students were compared to each
other. Their estimates can be observed in Figure 16. According to the results, four
significant differences were found. One regarding civil engineering students at 40 cm
(V = 3789, p = .031). Two in the case of mechanical engineering students, one at
130 cm (V = 831.5, p = .004), and another one at 160 cm (V = 721, p = .048). The
last one occurred when the estimates of vehicle engineering students were assessed.
It was found at 160 cm (V = 2236.5, p = .043). Still, possibly due to the Gear VR,
IT students were the most accurate with 36.31%. They were followed by vehicle
engineering students (34.48%), then civil engineering students (32.40%), and lastly,
mechanical engineering students (26.48%).
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Figure 14: Estimates on both versions at every investigated distance grouped by
whether one had previous VR experience.
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Figure 15: Estimation times on both versions at every investigated distance grouped
by whether one had previous VR experience.
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Figure 16: Estimates at every investigated distance grouped by what the partici-
pants study.
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4 Discussion

The results show that our research question was answered. Naturally, display de-
vices have an effect on distance estimation by themselves [29, 31, 8, 24]. By combin-
ing immersion levels with human factors, both the egocentric distance estimation
process and estimation time can be influenced. In addition to this fact, each factor
had a different effect on them.

Regarding the effects of gender, there is no consensus in the literature. Some
say that it does not have a significant effect on distance estimation [7, 16, 28].
However, some studies have mentioned that it actually has an effect [10, 6]. Our
results show that females had better accuracy than males in both versions. Gender
can also influence estimation times. We also found that the time of females was
similar between both versions at 25 cm.

The effect of handedness was smaller, as the difference between the accuracy of
both groups was small in both versions. Still, the estimation times of left-handed
students were similar between the two versions at 25 cm.

Also, according to multiple studies, distance estimation is not affected by height
[6, 27]. However, we found that students in certain groups can estimate distances
differently. The estimation times of the students in the height groups of 150–159 cm
and 190–199 cm had zero or few significant differences between the display devices.
All others were significantly different.

Students with glasses had more significant differences between estimates and
actual distances than those who did not wear them in the PC version. The reverse
of this statement could be observed in the Android version. Regarding estimation
times, whether one wore glasses or not did not had an effect on them.

The number of hours of playing video games a week can also have effects on
both estimates and estimation times. No pattern was found with respect to the esti-
mates. However, the more the students played, the more non-significant differences
occurred regarding estimation times.

Whether students had previous VR experience provided interesting results.
Those who did not have such experience performed the best on the Gear VR.
Whether having previous VR experience in the PC version did not influence the
estimates. The case was similar with estimation times. This factor did not affect
them.

Lastly, it was assessed whether the studies of the participants affected the es-
timates. When comparing the three types of engineering students, it could be ob-
served that the studies had a small influence. Estimation times were not compared
due to having different types of students on each display device.

5 Conclusions

A VE was developed to assess egocentric distance estimation skills of university
students. In addition to the components of VEs, display devices and human factors
are crucial for the estimation process. Depending on the level of immersion, either
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overestimation or underestimation can occur. In general, students were more likely
to overestimate distances to objects at 130 cm and 160 cm with a desktop display.
With the Gear VR, they underestimated distances to objects that were 40 cm–
130 cm away, while overestimation occurred when objects were 25 cm away from
them. However, each human factor had different effects on estimates and estimation
times. By using the Gear VR, estimation times can also be decreased by 35.73%–
57.14% depending on the human factors and distances. The designers of future
VEs have to keep these in mind.
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