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a b s t r a c t

There are a growing number of large databases online. In this study, we used data from
80,332 cases of UFO sightings reported from 1906 to 2014 as a tool for investigating
the human behavior in reporting events and how a time lag influences the patterns of
reporting events. We identified that new reports were sensitive to media broadcasting
and daytime hours. This last pattern was ruled by different reporting mechanisms
distinguishing daytime and night hours with an evident phase transition in the rank
distribution. Also, we verified that more than 41% of the sightings reported supposedly
happened in perfect o’clock hours, indicating that observers have a strong preference
for rounder numbers, a result that could be relevant for investigations of experimental
data collected by humans in mechanical and analog measuring instruments.

This rounding pattern also led to different mechanisms underlying the rank distribu-
tion of round or non-round minutes. Finally, we found numerical evidence that observers
have an urgency in reporting the sighting. The probability distribution of reporting time
lag revealed a critical reporting lag of 83.5 days after the contact. Additionally, we
identified that the month-day rounding mechanism varies with time being connected
to the critical reporting lag obtained.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

Humans have odd behavior. Apart from some exceptions, in general, humans tend to round values even in answer to
simple question such as ‘What time is it?’. Another simple test is to check alarm clocks. Indeed, we will see many alarms
et at 6 o’clock, but rarely alarms are programmed to sound at 5:58 h, 5:59 h, 6:01 h, or even 6:02 h. Prevalently, humans
refer rounder number, i.e., numbers ending in 0 or 5. Also, it has been identified that round numbers can act as a goal that
nfluences the behavior of baseball players [1]. Such rounding pattern can be associated with a preferential choice that
as already been observed in situations such as clustering on round numbers in trading in global markets [2], in orders
f Israeli IPO auctions [3], on round fractions of stock prices [4] and on the income numbers of Indian companies [5].
evertheless, this rounding can be originated as an approximation performed because the speaker forgot the exact value.
uch a case seems to be true for situations that happened in the past, such as in simple addition problems [6].
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Fig. 1. The accumulated number of sightings since 1906. The vertical axis is in logarithmic scale and the dashed lines represent two UFO sighting
vents massively broadcasted by the media and the launch of the popular TV series X-files. The straight dotted line represents an exponential growth
ith coefficient 0.1077 year−1 (95% CI: (0.1049, 0.1104), R2

= 0.9828).

As technology advances, information becomes more accessible and more broadcasted. As a result, data on events are
more reported and stored than ever. Examples include a large variety of fields, incorporating animal population data [7,8],
data on Twitter for predicting epidemics [9] and data on conflicts available [10]. In particular, studies concerning human
biological aspects such as comportment [11,12] and performance enhancement [13] have raised great interest in the
scientific community in the last years. Among that universe of data already available, there is still a need for datasets
related to memory and rounding patterns that cover different periods of time, from a few minutes up to many years. As
a consequence, there are not many empirical studies on that subject.

Our primary goal in this study was to investigate human behavior by analyzing data of reported sighting events. We
focused on the reporting dynamics rather than the sighting events per se. The first approach was to identify patterns
concerning sighting hours reported by observers. Another analysis was to investigate patterns of sighting minutes. We
also evaluated a reporting lag (time between the sighting and the reporting date) and how the reported values were
connected to a feature of rounding numbers.

2. Data presentation and methods

In this work, we employed data from UFO sightings dating back as far as 1906 up to 2014. The data contain 80,332
records with details about sighting date, geolocation of the event, sighting duration, UFO shape, standardized date and
time of the sighting, and the documented date (when the UFO sighting was reported, not to be confused with the sighting
date). These data are freely available on the Kaggle platform [14] and were curated by The National UFO Reporting Center
(NUFORC) [15]. We used the data as an empirical observation of the human memory of reporting events. In this scenario,
we investigated patterns of rounding numbers and their association with ancient memories.

3. Data analysis and discussion

3.1. Profile of data

As expected, the number of sightings cases has not increased constantly over time. It has been growing since 1906,
when the first case in our database was reported, as evident in Fig. 1. The continuous line is the number of sighting cases
accumulated by year. The straight dotted line was obtained as a fit for the data. It indicates that the general growth in the
number of reported cases by year follows an exponential behavior with coefficient 0.1077 year−1 (95% CI: (0.1049, 0.1104),
R2

= 0.9828). It is a fact that the world’s population is increasing but at a much slower rate. It is also evident in Fig. 1 a
sharp increase after famously broadcasted cases such as Cape Girardeau and Roswell cases and even the famous TV series
X-files.

The Cape Girardeau Missouri Crash was an incident that awoke mass media interest. It happened in October 1941, when
a non-identified round metallic object fell, and supposedly three small dead bodies of non-humans were captured [16].
From Fig. 1, there is a remarkable, positive growth tendency in the number of sighting cases reported. Another event
highlighted in the figure is The Roswell case which happened in June 1947 near Roswell, New Mexico, and it is usually
2
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Fig. 2. Rank distribution of the hours of each sighting event report. The vertical axis given in logarithmic scale evidences a phase transition separating
daytime and night hours. The first decay is a faster exponential covering hours from 17:00 h to 3:00 h. The slope was found to be −0.194 (95% CI:
−0.207, −0.181], R2

= 1.000) through a non-linear fit to the data. The second decay is slower and it refers to hours from 4:00 h to 16:00 h. The
lope of the curve is −0.041 (95% CI: (−0.044, −0.037), R2

= 1.000), obtained through a non-linear fit to the data. The inset shows the percentage
f occurrence of truncated values of sighting hours, showing a significantly larger sighting occurrence at night (darker bars).

onsidered the first accident involving UFO in the United States [17,18]. When case reports were almost stagnated, a new
cceleration in growth happened simultaneously with the launch of a very popular TV series called X-Files, which aired
irst in September 1993 and addressed mystery subjects frequently associated with UFOs [19]. It is also possible that
ther broadcasted events involving UFO apparitions just after this period reinforced this acceleration. In particular, the
arginha UFO incident – a series of events involving the alleged sighting and capture of an extraterrestrial being by the
razilian military in Varginha, Brazil on 20th January 1996. Such reports got media coverage worldwide [20]. The subject
lso received global media coverage toward the middle of 1996 with the famous movie Independence Day [21].
It is impossible to assure from data if reports or UFO episodes whet new reports, but there is a suggestion that it does

nfluence positively. In some aspects, this pattern is similar to the ‘‘the rich gets richer’’ from network theory explored
y Barabási and Albert [22]. Also, it has already been verified that novelties induce a burst of great attention that fades
ast [23]. This pattern can be observed by the number of tweets reacting to homicides in London after broadcasting [24].
uriously, the increase of information flows shortens attention cycles [25]. In particular, novelty within groups decays
ith a stretched-exponential law, suggesting the existence of a natural time scale over which attention fades.

.2. Hours of sightings

This section analyzes the frequency of sightings reported in each hour of the day. A sighting peak centered on 21:00 h
as identified, as illustrated in the inset of Fig. 2, where the bars represent the percentage of cases reported per hour,
runcating the minutes. Almost half of the reported sightings (48.4%) occurred between 20:00 h and 23:59 h (see the
arker bars in the inset of Fig. 2).
A rank–size histogram of the frequency of sighting hours (see Fig. 2) reveals a phase transition distinguishing the two

egimes. The first regime is an exponential decay covering the period from 17:00 h up to 3:00 h, usually nighttime. A
on-linear fit to these data led to a straight line whose slope is −0.194 (95% CI: (−0.207, −0.181], R2

= 1.000). The
second regime fits well with slower exponential decay, referring to daytime hours and concerning hours varying from
4:00 h to 16:00 h. The right dashed line has to slope −0.041 (95% CI: (−0.044, −0.037), R2

= 1.000) and was obtained
by a non-linear fit to the data.

Depending on the sunlight, the presence of two different regimes might be connected to the circadian rhythm rather
than to a ‘‘UFO visiting pattern’’. This assumption is supported by the fact that the most-reported UFO shape (20.6% of all
the cases) was lights. In fact, it is easier to identify lights during nighttime.
3
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Fig. 3. Normalized histogram of the minutes of the reported cases shown in logarithmic scale on the vertical direction. All the minutes ending in
0 or 5 were darkened to evidence the different behavior of round minutes. The dashed line represents an expected equiprobable value.

3.3. Minutes of sightings

The analysis of raw data exposed that more than 41% of the sightings reported supposedly happened in perfect o’clock
ours. Another sharp peak for cases that occurred in half hours is also noticeable. This preferential tendency for o’clock or
alf hours sums up to a remarkable amount of 60.4% of the cases reported. In contrast, for a completely random scenario,
t should be expected to be less than 1.67% in each one of these groups. A possible explanation is that it is a consequence
f simplicity to optimize the relevance of the information [26].
Aiming to check the rounding tendency on our data deeply, we have built a normalized histogram of the minutes

resent in each sighting report. As depicted in Fig. 3, a rounding preference became evident in comparison with the red
ashed line, which represents a distribution for equiprobable values.
It is also visually noticeable in Fig. 3 not only the primary preference for integer or half hours but also some taste for

inutes ending in 0 or 5 to the detriment of other ending digits. The zero-five rounding tendency just identified leads
o another result related to the last digit of the sighting minutes. As depicted in the inset of Fig. 4, minutes ending in 0
ere the most reported, appearing in more than 71% of the reported cases. The second most popular ending digit was 5,
hose frequency was 18% in the data. In contrast, minutes ending in any digit different from 0 or 5 were found in less
han 11% of the reported cases.

The rank distribution of sighting minutes in the logarithmic scale on both axes evidences a phase transition between
he pattern for round minutes (ending in 0 or 5) from all the others. The first decay is a fast power law with slope −1.40
95% CI: (−1.56, −1.24], R2

= 0.97), as illustrated by the straight line in Fig. 4. This regime covers the minutes 0, 30, 45,
5, 20, 50, 10, 40, 35, 5, 25, and 55 respectively. The second regime covers all the minutes ending in values different from
and 5, being much slower than the first regime, following an exponential decreasing tendency, as shown by the dashed

ine in Fig. 4.

.4. Reporting lag of sightings

Let us define the sightings’ reporting lag τ as the number of days between the sighting event and its reporting date.
The probability density distribution of τ for the data is available in Fig. 5, pointing toward a phase transition around a
critical reporting value τc . The critical time even truncates a logarithmic decay distribution into an almost zero-probability
distribution.

A non-linear fit to the data leads to a probability distribution function P(τ ) given by

P(τ ) ∼ a ln
(τc

τ

)
(1)

in the range 1 < τ < τc . This regime corresponds to more than 72% of the reported cases (see the straight line in Fig. 5)
and the parameters were found to be τ = 83.5 days (95% CI: (10.3, 157), R2

= 0.949) for the critical reporting lag and
c

4
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Fig. 4. Rank distribution of the minutes of each sighting case. The curve is shown in logarithmic scale on both axes evidencing two regimes. The
first one is a fast power-law decay with slope −1.40 (95% CI: (−1.56, −1.24], R2

= 0.97) obtained by a non-linear fit to the data. This behavior
orresponds to minutes ending in 0 or 5, illustrated by the straight line. The second regime is much slower, following an exponential decay, as
epicted by the dashed line. This last regime covers the minutes ending in values different from 0 and 5. The inset shows the frequency of the last
igit of the minutes reported in each sighting event. The minutes endings in 0 or 5 were darkened.

Fig. 5. Probability distribution of reporting lag, the time interval between the sighting date. The horizontal axis is shown on a logarithmic scale.
he dashed line corresponds to τc = 83.5 days (95% CI: (10.3, 157), R2

= 0.949), the critical reporting lag, a value which defines a phase transition
etween two regimes: (i) a logarithmic decay with a characteristic critical value τc ; (ii) an almost zero distribution.

= 0.0096 (95% CI: (0.0062, 0.0130], R2
= 0.949) is a nondimensional constant associated to a normalization and to a

ecay rate. The second regime in Fig. 5 (when τ > τc) is an almost zero distribution that resembles a power-law.
A mathematical property of logarithmic curves is a fast decay until a critical time. This suggests that observers

ave urgency in reporting sightings. After the critical time, the news was no longer news, and the case was rarely
eported. Many physics applications in the literature involve logarithmic decays. Examples include relaxation in a colloidal
5
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Fig. 6. Influence of the reporting lag time on the month day reported for each sighting event. The dashed line represents the expected value for
reporting days randomly. For several days under the threshold of 83.5days (estimated from Eq. (1)), the month day of the sighting follows an
approximately constant distribution as the left lighter bars tend to the dashed line. Nonetheless, a rounding pattern becomes evident after the
threshold, sharpening the days first and fifteenth. In this figure, the frequency of each month day was normalized accordingly to its frequency
throughout a year.

system [27], in models with hierarchically constrained dynamics [28] as well as in the force relaxation in the magnetic
levitation of superconductor systems [29].

3.5. Month day of sightings

The next point investigated was how the reporting lag influences the month day when the sighting ‘‘happened’’. The
ercentage of reports for each month day is available in Fig. 6. To remove bias, the frequency of each month day was
ormalized accordingly to its frequency throughout four years.
We found that observers tend to report the sighting date reasonably for a few days after the contact (take τ <

3.5 days). The percentage of sightings reported each day was well distributed around the dashed line, corresponding
o a uniform probability distribution. However, for a more significant number of days after the sighting (τ > 83.5 days),
distinguished pattern emerges: a sharp rounding pattern in the 1st and the 15th day of the month, as depicted in Fig. 6
y the darker bars. Throughout the database, 14,4% of the sightings are reported to have happened on one of these two
onth days. It is more than twice the expected value for a uniform probability distribution. A conclusion that can be
btained from this result is that observers forget the actual date of the contact after some time and then start rounding
he dates. This result may also be connected with the reporting lag obtained from Eq. (1) and Fig. 5. It may be connected
o the irrational form in which human minds convert numerical information for decision-making, as evidenced in price
ognition [30].
It is also possible to identify some vestiges of the ‘0 or 5’ rounding pattern in Fig. 6. Nevertheless, they are meaningless

or statistical analysis.

. Conclusion

This study analyzed data from more than 80,000 UFO sighting report cases arousing since the beginning of the last
entury. We searched for patterns in human behavior when reporting events. From Fig. 1 it was identified that new
eports were sensitive to media broadcasting. It was evident that reported contacts happened mainly out of sunlight and
hat the contrast between daytime and night plays a role in the rank distribution of sighting hours, as identified in Fig. 2. In
articular, two different exponential regimes were found for daytime and night hours, respectively. In Fig. 3 we identified a
ounding mechanism prioritizing minutes ending in 0 and 5. This result was also visible in the inset of Fig. 4, where almost
alf of the sightings supposedly happened during an o’clock hour. In addition, such a rounding pattern was connected to
phase transition splitting the rank distribution of minutes ending in 0 or 5 from all the other ending minutes, as evident

n Fig. 4. The first group exhibited a power-law decay, while the second group followed a much slower exponential decay.
6



F.J. Antonio, A.S. Itami, J.F. Dalmedico et al. Physica A 603 (2022) 127807

W
d
A
t
t
c
o
a

C

p
J
p

D

a

A

R

e identified that observers have an urgency in reporting the sightings, and they tend to round numbers when reporting
ates they do not remember, as depicted in Fig. 5. A critical reporting lag of 83.5 days after the contact was obtained.
fter this period of time, the news was rarely reported, pointing to a lack of excitement in reporting. In particular, after
his critical value, month days were rounded for the first or the fifteenth day, that result is apparent in Fig. 6. We hope
his work could provide valuable insights into human reporting behavior investigations. Also, we hope other databases
ould be used further to investigate the rounding pattern and its relationship to memory. In particular, the investigation
f the human rounding pattern could lead to concerning results in experimental data collected in both mechanical and
nalog measuring instruments.
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