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Abstract—The development of immersive media systems and 
services relies on subjective tests that provide ground truth 
on the quality of experience as perceived by humans. In this 
paper, we investigate the opinion score consistency through a 
repeated subjective 360◦ video quality assessment experiment. 
The test stimuli are presented on a head-mounted display with 
participants given the task to rate the video quality in three 
repeated sessions for both standing and seated viewing. The 
statistical analysis of the data from the subjective tests aims 
at revealing if participants change their rating behavior over 
time or keep their opinion scores given to the test stimuli in 
standing and seated viewing consistent in a statistical sense. 
The experimental results are reported in terms of histograms 
of opinion scores, skewness and kurtosis of opinion scores, mean 
opinion scores, standard deviation of opinion scores (SOS), SOS 
ftting functions, and analysis of variance tests. The statistical 
analysis supports the conjecture that each participant has its 
own but consistent rating behavior throughout the respective 
sessions for standing and seated viewing. The fnding that the 
quality rating behavior of the individual participant does not 
fundamentally change over time may, e.g., assist in scheduling 
subjective tests under pandemic conditions where experimental 
campaigns may need to be stalled for an unknown period of time. 

Index Terms—360◦ videos, subjective tests, mean opinion score, 
standing viewing, seated viewing, head-mounted display. 

I. INTRODUCTION 

In recent years, an increasing demand on immersive media 
technology such as virtual reality (VR) and augmented reality 
(AR) devices and applications has been observed. View-
ing 360◦ videos with the support of head-mounted displays 
(HMDs) offers immersive experiences which has contributed 
to the increased popularity of this type of immersive media. 
Further, 360◦ videos viewed on an HMD allows 3+ degrees 
of freedom (3DoF+) [1], i.e., three unlimited rotational move-
ments around the x, y, and z axes, and limited translational 
head movements along these axes. The development of re-
lated stand-alone and networked immersive media systems 
and applications relies on conducting subjective tests which 
provide ground truth on the quality of experience as perceived 
by humans. In addition, given the 3DoF+ of movements 
supported by HMDs compared to viewing conventional videos 
on standard displays, immersive media may be viewed not only 
while seated on a chair but may also be freely explored while 
standing. 

Regarding subjective tests on quality assessment of 360◦ 

videos on HMDs, these have often been conducted us-
ing methodologies that were recommended for conventional 
videos [2]–[4]. Subjective test methodologies focusing on 360◦ 

videos on HMD have recently been proposed in [5]. Apart 
from conventional data analysis of opinion scores such as 
the calculation of mean opinion scores (MOSs) [6], analysis 
of exploration behavior is also recommended including head 
movements and eye tracking data. However, participants are 
expected to sit on a chair during the subjective tests while the 
option of standing viewing is not covered in this recommen-
dation. 

Another research avenue pursued in the feld of immersive 
media focuses on viewing conditions such as standing viewing, 
seated viewing, and locomotion interfaces. The impact on 
user’s experience in VR under different viewing conditions 
is typically studied in terms of immersion, presence, and 
effcient locomotion in VR. In [7], a motorized swivel chair 
was introduced to improve the immersive experience and to 
reduce motion sickness when watching 360◦ videos on HMDs. 
The work reported in [8] investigated the effect of fxed, half-
swivel, and full-swivel chairs on users’ viewing experience 
of 360◦ videos on an HMD. The participants in the related 
subjective test reported better viewing experiences for half-
swivel and full-swivel chair compared to fxed chair in terms 
of exploration, spatial awareness, and concerns of missing 
something for certain videos. In [9], a mixed-method experi-
ment using four locomotion modes with different amounts of 
translational cues and control was conducted to assess task 
performance, task load, and simulator sickness. The research 
in [10] explored whether seated users in VR could be given 
the sensation of standing, walking, or even running. Among 
others, it was pointed out that hybrid positions where users 
can choose to sit or stand up may be considered in the 
design of VR applications if feasible. In [11], to stimulate 
research on different viewing conditions in VR, a systematic 
classifcation of the advantages and disadvantages between 
sitting and standing user interfaces in VR was provided. 

In [12], the effect that standing and seated viewing of 360◦ 

videos on an HMD on subjective quality assessment was 
compared. The statistical analysis of the data gathered in this 
pilot study was conducted in terms of average rating times, 
MOS, standard deviation of opinion scores, head movements, 
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pupil diameter, galvanic skin response, and simulator sickness 
scores. A comparison of head movements in repeated 360◦ 

video quality assessment for standing and seated viewing 
on HMDs was given in [13]. The results deduced from 
the repeated subjective tests led to the conjecture that the 
participants have their own distinct exploration behavior for 
standing viewing which becomes less different for seated 
viewing. Further, head movements appear to be higher in 
standing viewing compared to seated viewing. However, a 
reduction in the rotational exploration of the 360◦ videos was 
observed in the repetitions of the quality assessment task for 
both viewing conditions. 

Motivated by all of the above, this paper focuses on studying 
the opinion score consistency in repeated subjective tests in 
which 360◦ video quality assessment tasks were performed 
in standing and seated viewing on an HMD. In particular, 
given the tendency of reducing the rotational exploration in 
the repetitions of the quality assessment task reported in 
[13], the question arises whether changes would apply to the 
consistency of opinion scores given by the participants in the 
repeated quality assessment task. As such, the main research 
questions pursued in this paper are as follows: 

• Do participants change their rating behavior over time or 
do they keep their opinion scores given to the test stimuli 
in standing and seated viewing consistent irrespective of 
when in time the subjective test is conducted? 

• Do participants have the same generic rating behavior or 
does each participant has its distinct rating behavior? 

Apart from supporting the concept of MOS in the quality 
assessment of 360◦ videos, i.e., the conventional averaging 
over opinion scores given by a panel of participants to a set 
of test stimuli in standing and seated viewing, answering the 
above research questions may also assist in conducting and 
scheduling subjective tests under pandemic conditions. For 
example, test campaigns may need to be stalled depending 
on the pandemic situation and be continued later which 
requires that quality rating behavior of participants would 
not fundamentally change over time. In view of the current 
pandemic situation, to keep hygiene related concerns to a 
minimum, two participants, referred to as P1 and P2, were 
engaged in the repeated subjective tests as in [13]. Following 
the suggestion of [14] to consider time averages instead of 
ensemble averages, each participant assessed a sequence of a 
large number of test stimuli in standing and seated viewing, 
i.e., a total of 720 different 360◦ videos covering a wide 
range of qualities, rather than many participants assessing a 
small number of test stimuli. This approach is also in line 
with the suggestion in [15] to consider in-person experiments 
with a low sample size during pandemic situations that reveal 
new research avenues and indicate the need for follow-up 
experiments with a larger sample size. The main contributions 
of this paper are summarized as follows: 

• A statistical analysis of the opinion scores obtained 
from a repeated subjective test on 360◦ video quality 
assessment for standing and seated viewing on an HMD 

is provided. A total of six sessions were conducted, i.e., 
three sessions for standing viewing and three sessions for 
seated viewing. 

• The session repetition schedule of the subjective test for 
both viewing conditions considers long breaks of several 
months and short breaks of hours or a day between 
sessions. This allows providing preliminary insights on 
whether the rating behavior of the participants changes 
over time. 

• Experimental results are provided as histograms of opin-
ion scores, skewness and kurtosis of opinion scores, anal-
ysis of variance (ANOVA) tests among sets of opinion 
scores, standard deviations of opinion scores, and MOS 
of 360◦ videos covering a wide range of qualities in terms 
of content, resolution, and quantization. 

• The statistical analysis of the opinion scores from the 
repeated quality assessment for both viewing conditions 
is conducted for each participant and each session, each 
participant and averaged over all sessions, and averaged 
over all participants and all sessions. 

The remainder of this paper is organized as follows. Sec-
tion II describes the experimental design of the subjective tests. 
The statistical measures used to analyse the opinion scores 
gathered in the subjective tests are introduced in Section III. A 
detailed statistical analysis of the data from the subjective tests 
is provided in Section IV. Conclusions are given in Section V. 

II. EXPERIMENTAL DESIGN 

The experimental setup uses our common platform devel-
oped for assessing the subjective quality of immersive media. 
Comprehensive details about the test stimuli, test methods, 
software suite, and technical equipment of the developed plat-
form can be found in [16]. In the following, a summary of the 
experimental design is provided as needed for understanding 
the reported work. 

Four natural scenes of 10 s duration each with different 
resolutions (2K, optimal resolution (OR) [17], 4K, 6K, 8K) 
and six different quantization parameters (QPs) including the 
reference videos were used to establish a set of 120 different 
360◦ videos covering a wide range of visual qualities. These 
test stimuli were presented on an HTC Vive Pro HMD for 
free exploration in standing viewing and seated viewing on 
a fxed chair. Each participant attended three sessions for 
both standing and seated viewing with the task to rate the 
360◦ videos on a fve-level quality scale according to the 
absolute category rating (ACR) method [5]. A session lasted 
around 30 minutes depending on the actual time required by 
the participant to cast a quality score for each test stimulus. 
To study the consistency of opinion scores given by the 
participants to the test stimuli at different times, the repeated 
360◦ video quality assessment experiment accounted for a long 
break between Session 1 (S1) and Session 2 (S2), and a short 
break between S2 and Session 3 (S3) (see Fig. 1). 

To keep hygiene related concerns to a minimum, we have 
engaged two participants, referred to as P1 and P2, in the 
repeated sessions. Each participant viewed a large number 
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to the MOS in (1), (2) and (3). As such, a lower SD indicates 
a more confdent rating while a higher SD relates to a less 
confdent rating. The SD with respect to the MOS in (1) is 
calculated as 

Fig. 1. Session repetition schedule (ST: standing, SE: seated) [13]. s 
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design proposed in [14] as an option to conduct subjective 

C. Standard Deviation of Opinion Score Hypothesistests under pandemic conditions. 
To assess and model the diversity of subjective ratings on

III. STATISTICAL MEASURES a fve-level quality scale, the SD of opinion scores (SOS) 
A. Mean Opinion Score hypothesis has been proposed in [18], [19]. These works 

suggest the following SOS ftting function for modeling theIn the considered context, the MOS over the different 360◦ 
relationship between MOS and SOS:video scenes shall be defned as 

2 2SOS2(x) = −ax + 6ax− 5a = a(−x + 6x − 5) (7) 

where a denotes the SOS parameter and variable x represents 

K1(n) u(n) (1)i jk ∑µ = i j K k=1 

(n)where ui jk denotes the opinion score given by participant n∈ 
{1, . . . ,N} in session i ∈{1, . . . , I} to test case j ∈{1, . . . ,J} of 
360◦ video scene k∈{1, . . . ,K}. Here, the term ‘test case’ refers 
to a distinct resolution-QP pair of a given 360◦ video. 

Similarly, the average MOS over both the different sessions 
for a given viewing condition and the different 360◦ video 
scenes can be formulated with (1) as 

the MOS. As the ACR method selected to rate the quality of 
the 360◦ videos uses a fve-level quality scale, the SOS ftting 
function is also applied in the next section for the statistical 
analysis of the experimental results. 

IV. EXPERIMENTAL RESULTS 

This section provides a statistical analysis of the opinion 
scores gathered in the repeated subjective tests on 360◦ videoI 

∑
(n) 1 

= (n) (2) quality for standing and seated viewing. In particular, his-i j µ µj I tograms of the opinion scores given by the two participants in i=1 

An additional averaging of opinion scores may be performed the different sessions are presented along with the skewness 
over the number of participants which results with (2) in the and the kurtosis of the related opinion score distributions. 
followig average MOS: The dispersion of the opinion scores around the MOS is 

N 
assessed in terms of the SD and the SOS ftting function to 

1 (n) the respective data points. Further, MOS progressions versus (3)j∑µ j = µ
N QPs are presented for different resolutions. n=1 

In the repeated subjective tests described in Section II, 
N = 2 participants took part, K = 4 different 360◦ video 
scenes were considered, and I = 3 sessions were conducted 
for both standing and seated viewing. In each of the six 
sessions, the participants watched J = 30 test cases for each 
360◦ video scene. Accordingly, K × J = 120 test stimuli were 
shown in each session and K × J × I = 360 test stimuli were 
shown throughout the respective three sessions for standing 
and seated viewing. This results in a total of 720 test stimuli 
that were shown to each participant altogether. 

B. Standard Deviation of Opinion Scores 

In this work, the standard deviation (SD) is used to measure 
the amount of dispersion of a set of opinion scores with respect 

A. Histograms of Opinion Scores 

Figs. 2(a)-(f) show the histograms of opinion scores given 
by the two participants to the wide range of test stimuli in 
each of the three sessions in standing and seated viewing. In 
addition, Kernel distributions are provided in these fgures as 
ft to the data conveyed by the histograms. In these fts, normal 
distributions are used as nonparametric kernel smoothing func-
tions along with a bandwidth value of 0.6028. Regarding the 
results for standing viewing in Figs. 2(a)-(c), it is observed that 
each participant follows its own but consistent quality rating 
of the test stimuli throughout the three sessions. This fnding is 
supported by the respective fts to the histograms which more 
clearly reveal the consistent quality rating of each participant. 
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Fig. 2. Histograms of opinion scores given by the two participants to the test stimuli in standing and seated viewing, and their Kernel ft distributions. 

Similar results are obtained for seated viewing in Figs. 2(d)-
(f) along with the respective fts, i.e., each participant follows 
its own quality rating pattern of the test stimuli irrespective of 
the session. 

Additional insights on the sets of opinion scores can be 
obtained from the skewness and kurtosis that are provided 
in Table I. First, let us consider the skewness assessing the 
asymmetry of the subjective data around the mean value of 
the distributions of opinion scores. Note that a negative or 
positive skewness, respectively, indicates that the tail is on the 
left or right side of a distribution. In the considered context, 
left-skewed distributions with the left tail being drawn out 
are obtained for both participants and all sessions. However, 
as the skewness magnitudes are small, the asymmetries are 
rather mild (see also fts in Figs. 2(a)-(f)). Overall, more 
left-skewed opinion score distributions are obtained for P1 
compared to P2. Second, the kurtosis measures how outlier-
prone a distribution is with higher kurtosis indicating a greater 
extremity of outliers. The kurtosis of the normal distribution 
is 3, which is commonly used for comparison. Distributions 
that have a kurtosis greater than 3 are more outlier-prone than 
the normal distribution while having a kurtosis less than 3 
applies to a less outlier-prone distribution. As can be seen 
from Table I, the kurtoses obtained for the sets of opinion 
scores of both participants are less than 3 for all sessions. 

In addition, ANOVA tests [20]–[22] were conducted to de-
termine if variations in the sets of opinion scores arise among 
the three sessions in standing and seated viewing. Table II and 
Table III show the summary statistics of the ANOVA tests 

TABLE I 
SKEWNESS AND KURTOSIS OF OPINION SCORES 

P1 P2 

Skewness Kurtosis Skewness Kurtosis 

S1 −0.58 2.77 −0.23 2.08 
ST S2 −0.51 2.38 −0.17 2.10 

S3 −0.47 2.34 −0.18 2.33 

S1 −0.27 2.39 −0.33 2.27 
SE S2 −0.32 2.53 −0.17 2.06 

S3 −0.41 2.58 −0.11 2.19 

for P1 and P2 in terms of the sum of squares (SS), degree 
of freedom (DF), mean square (MS) value, F-value, and p-
value. The sources of the tests are the respective three sets 
of opinion scores obtained for each participant in standing 
and seated viewing. Here, the p-values are of main interest 
giving the probability of the difference in the samples due to 
sampling errors. If the p-value is higher (lower) than a selected 
signifcance level α , the hypothesis of equal means is accepted 
(rejected). Regarding the p-values shown in the tables, the 
signifcance level of α = 0.05 was chosen to assess if there 
exist statistically signifcant differences in the MOS among 
the sets of opinion scores obtained for the three sessions 
in standing and seated viewing. Clearly, as all p-values are 
signifcantly above the signifcance level of α = 0.05, there 
exists strong evidence for statistically signifcant similarity 
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TABLE II 
ANOVA TESTS AMONG SETS OF OPINION SCORES FOR P1 

Standing Viewing 

Source SS DF MS F p-value 

Groups 0.006 2 0.0028 0.0024 0.9976 
Error 417.050 357 1.1682 
Total 417.056 359 

Seated Viewing 

Source SS DF MS F p-value 

Groups 1.672 2 0.8361 0.8300 0.4365 
Error 359.217 357 1.0062 
Total 360.889 359 

TABLE III 
ANOVA TESTS AMONG SETS OF OPINION SCORES FOR P2 

Standing Viewing 

Source SS DF MS F p-value 

Groups 3.672 2 1.8361 1.3700 0.2553 
Error 478.325 357 1.3398 
Total 481.997 359 

Seated Viewing 

Source SS DF MS F p-value 

Groups 1.206 2 0.6028 0.4400 0.6424 
Error 485.725 357 1.3606 
Total 486.931 359 

between the MOS of the considered groups. In other words, it 
may be conjectured that the respective sets of opinion scores 
obtained for each participant in the three sessions for each of 
the two viewing conditions are statistically signifcant similar. 

B. Standard Deviation of Opinion Scores and SOS ftting 
Function 

Figs. 3(a)-(f) show the SD of the MOS obtained for P1 and 
P2 in the three sessions for standing and seated viewing. The 
SOS ftting function given in (7) to the data points are also 
shown in these fgures with the respective SOS parameter a 
and mean square error (MSE) provided in Table IV. 

Similar to the results for conventional images and videos in 
[19], [23], [24], it is observed from the SOS ftting function 
that the SD becomes lower toward the lower and upper end of 
the fve-level quality scale compared to the mid-quality range 
for both participants and all sessions. This progression means 
that it was more diffcult for both participants to rate the mid-
quality 360◦ videos. In the majority of the sessions in standing 
and seated viewing, the SD is lower for P1 compared to P2 
indicating that P1 was more confdent about the given opinion 
scores. 

TABLE IV 
SOS PARAMETER a AND MSE OF THE SOS FITTING FUNCTIONS 

S1 

a MSE 

ST P1 0.0804 0.6381 
P2 0.0928 0.5692 

SE P1 0.0507 0.6334 
P2 0.0997 0.5301 

C. Mean Opinion Scores 

S2 S3 

a MSE a MSE 

0.0843 0.6281 0.0638 0.5856 
0.1405 0.5736 0.0704 0.4668 

0.0907 0.5742 0.0535 0.5659 
0.0834 0.5072 0.0961 0.5478 

Fig. 4 and Fig. 5 show the MOS according to (1) over all 
four scenes versus QP for P1 and P2, respectively. In contrast 
to the histograms and SOS ftting functions, the progressions 
of MOS give fewer insights on the opinion score consistency 
across the three sessions. However, as expected, the MOS 
tends to decrease with increasing QP for each resolution. The 
spread of MOS for the 360◦ reference videos (Ref.) gives 
indication that P1 has less resolving power of the different 
resolutions (narrow cluster of MOS) compared to P2 (wider 
cluster of MOS). An indication for giving consistent opinion 
scores throughout the three sessions can be observed for the 
lowest resolution of 2K. In particular, the MOS progression for 
P1 for the 360◦ videos with 2K resolution over different QPs 
is very similar for all sessions in standing and seated viewing. 
Further, a plateau of almost constant MOS for QP = 32 and 
QP = 37 and subsequent drop of MOS for QP = 42 is observed 
for P1 for all sessions. 

D. Statistical Analysis of Opinion Scores Over All Sessions 

Additional insights on the quality rating behavior of each 
participant can be obtained through a statistical analysis of 
sets that contain their opinion scores from all three sessions 
for standing and seated viewing. In this way, the variation of 
results among the sessions is averaged revealing the typical 
quality rating behavior of each participant. 

Figs. 6(a)-(c) show the histograms of opinion scores given 
by each participant accumulated over the respective three ses-
sions for standing and seated viewing as well as histograms of 
opinion scores accumulated over both viewing conditions. The 
Kernel distributions that were ftted to the histograms are also 
provided in these fgures. As can be seen from the histograms 
and Kernel distributions, each participant has its own quality 
rating behavior which varies little between standing and seated 
viewing. The skewness and kurtosis obtained for these sets of 
opinion scores confrm this fnding (see Table V). In particular, 
the asymmetry of the histograms of opinion scores is slightly 
more skewed to the left for P1 while the kurtosis indicates 
a less outlier-prone distribution for P2. The quality rating 
behavior of each participant becomes even more apparent for 
the sets containing the opinion scores from both standing and 
seated viewing. 

Figs. 7(a)-(c) show the SD defned in (5) versus average 
MOS over the three sessions for standing viewing, seated 
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Fig. 3. Standard deviation versus MOS along with the SOS ftting function to the data points for standing and seated viewing. 
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Fig. 4. MOS over the four scenes versus QP obtained for P1 in the three sessions for standing and seated viewing. 

viewing, and both viewing conditions. The SOS ftting func- the uncertainty in the given opinion scores is lower for P1 
tions are also provided with SOS parameter a and MSE compared to P2 for the entire fve-level quality scale. In 
given in Table VI. The SOS ftting functions reveal that addition, for each participant, the progression of the SOS 
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Fig. 5. MOS over the four scenes versus QP obtained for P2 in the three sessions for standing and seated viewing. 

(a) Standing (b) Seated (c) Both 

Fig. 6. Histograms of opinion scores accumulated over the three sessions for standing viewing, seated viewing, and both viewing conditions. 

TABLE V 
SKEWNESS AND KURTOSIS OF OPINION SCORES 

P1 P2 

Skewness Kurtosis Skewness Kurtosis 

ST −0.52 2.49 −0.18 2.17 
SE −0.33 2.51 −0.20 2.16 

Both −0.41 2.47 −0.19 2.17 

ftting functions differs very little among standing viewing, 
seated viewing, and both viewing conditions accumulated. 

Figs. 8(a)-(f) show the average MOS defned in (2) over the 
respective three sessions for standing viewing, seated viewing, 

and both viewing conditions versus QP. The averaging of 
opinion scores over all three sessions for standing and seated 
viewing shows that P1 has less resolution resolving power 
in standing viewing compared to seated viewing. This can 
be clearly seen for the reference videos with QP=‘Ref.’ 
which receive similarly high average MOS for P1 in standing 
viewing for the resolutions OR, 4K, 6K, and 8K while the 
average MOS for these resolutions are not as clustered in 
seated viewing. On the other hand, the resolution resolving 
power of P2 is similar for standing and seated viewing. This 
observation indicates that a participant may get distracted from 
the quality assessment task in standing viewing compared to 
seated viewing. 
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Fig. 7. Standard deviation versus average MOS over the three sessions for standing viewing, seated viewing, and both viewing conditions. 
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Fig. 8. Average MOS over the three sessions in standing viewing, seated viewing, and both viewing conditions: (a)-(c) Participant 1, (d)-(f) Participant 2. 

TABLE VI 
SOS PARAMETER a AND MSE OF THE SOS FITTING FUNCTIONS 

ST SE All 

a MSE a MSE a MSE 

P1 
P2 

0.0902 0.3648 
0.1132 0.3029 

0.0785 0.3859 
0.1069 0.2963 

0.0901 0.3174 
0.1113 0.2456 

E. Statistical Analysis of Opinion Scores for All Sessions and 
All Participants 

Finally, a statistical analysis is conducted for the sets 
containing the opinion scores given by both participants in 
the respective three sessions for standing and seated viewing. 

As such, this additional accumulation of opinion scores aligns 
with the conventional statistical analysis of subjective tests 
aiming at obtaining MOS over the number of participants for 
each test case. 

Figs. 9(a)-(b) show the histograms of opinion scores and SD 
of average MOS using (6) along with the SOS ftting functions. 
The histograms are similar for standing and seated viewing 
which is also supported by the skewness and kurtosis provided 
in Table VII. Given that the magnitude of the skewness of 
the set of opinion scores for seated viewing is slightly lower 
compared to standing viewing, the distribution of opinion 
scores conveyed by the Kernel ft is slightly less asymmetric 
for seated viewing. Similarly, the kurtosis for seated viewing 
is slightly closer to that of a normal distribution compared to 
standing viewing. The SOS ftting functions (see Table VIII) 
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to the SD versus average MOS progression indicate that the 
participants on the average are slightly more uncertain about 
their opinion scores given in standing viewing. 

TABLE VII 
SKEWNESS AND KURTOSIS OF OPINION SCORES 

Skewness Kurtosis 

ST -0.3500 2.2700 

SE -0.2900 2.3500 

TABLE VIII 
SOS PARAMETER a AND MSE OF THE SOS FITTING FUNCTIONS 

a MSE 

ST 0.1199 0.2587 

SE 0.1048 0.2277 

Figs. 10(a)-(c) present the average MOS versus QP using 
(3). Accordingly, for a given resolution-QP pair, the average of 
opinion scores is taken over the four 360◦ video scenes, over 
the three sessions for standing and seated viewing, and over the 
two participants. However, the consistency of opinion scores 
is not assessable anymore due to the three levels of averaging 
while differences among standing and seated viewing become 
more pronounced. In particular, the resolution resolving power 
is lower in standing viewing with the average MOS for the 
360◦ reference videos of resolutions OR, 4K, 6K, and 8K 
being narrower clustered compared to seated viewing. Further, 
while the 360◦ videos with resolutions of OR and 4K received 
almost the same average MOS for the different resolution-QP 
pairs in standing viewing, they can be clearly differentiated on 
the average in seated viewing. This fnding is consistent with 
the results of the pilot study reported in [12]. 

V. CONCLUSIONS 

In this paper, we have studied the consistency of opinion 
scores given by the participants in repeated subjective tests 
on 360◦ video quality for standing and seated viewing on 
an HMD. In particular, three sessions were conducted for 
both standing and seated viewing with long breaks of several 
months and short breaks of hours or a day between sessions. 
A comprehensive statistical analysis of the data gathered in 
these subjective tests has been provided, including histograms 
of opinion scores, skewness and kurtosis of opinion scores, 
ANOVA tests, SD of opinion scores, SOS ftting functions, and 
MOS. The main conjecture supported by the statistical analysis 
is that each participant has its own but consistent quality rating 
behavior throughout the three sessions for standing and seated 
viewing. In other words, given that even long and short breaks 
between sessions were considered, the quality rating behavior 
of an individual participant does not fundamentally change 
over time. This important fnding may assist in scheduling 
subjective tests under pandemic conditions where experimental 
campaigns may need to be stalled for an unknown period 
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Fig. 9. Statistical analysis of the sets containing the opinion scores from 
both participants given in the respective three sessions for standing and seated 
viewing: (a) Histogram, (b) Standard deviation. 

of time. As such, the opinion scores obtained from sessions 
that are scheduled several months apart could still be used to 
conduct a statistically meaningful analysis in terms of MOS. 
The statistical analysis also gives evidence that the resolving 
power among different 360◦ video resolutions may be lower 
for standing viewing compared to seated viewing. Given the 
important indicative results and conjectures of this study, 
future work may consider conducting large-scale subjective 
tests on quality assessment, opinion score consistency, and 
viewing behavior of 360◦ videos on HMDs. This future work 
may engage a larger panel of participants and a larger set of 
viewing conditions, e.g., fxed chair, half-swivel chair, full-
swivel chair, couch, options of larger rotational and transla-
tional movements, and free walking. 
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