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Whither the Third Quarter Phenomenon?
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INTRODUCTION:

In 1991, Bechtel and Berning proposed that a decrement in morale and well-being affects people working in isolated

and confined environments during the third quarter of their mission. Studies conducted during such conditions have
suggested that whereas some people may experience such a phenomenon, it is not a typical occurrence in space or
space simulation environments. Possible reasons for varying outcomes include demand characteristic bias, individual
personality traits, training omissions, experimental methodological issues, and the impact of mission events on
crewmember well-being. Research related to a future Mars expedition needs to investigate the impact of these factors.
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n 1991, Robert Bechtel and Amy Berning described a

time-dependent phenomenon that had been reported

during the third quarter of polar missions.> There was a sig-
nificant increase in negative social and emotional feelings,
more accidents and assaults, increased marital counseling, and
more absences from work. Some recovery occurred during the
last quarter. This phenomenon seemed to be a general charac-
teristic of finite-time stressful conditions, which would include
other isolating environments on Earth and in space. Bechtel
and Berning concluded: “Since the third quarter begins after
the one-half mark and is centered near the two-thirds mark, let
this be called the third-quarter phenomenon..”® P %! They
argued for more research to verify the existence of the third
quarter phenomenon. They also cautioned that this could pro-
duce a demand characteristic bias in future studies, whereby a
subject who knows the length of time of their mission “pro-
duces the expected behavior before it is too late to disappoint
the experimenter”® P 24 A possible confound in Antarctic
studies is that the third quarter of a winter-over mission typi-
cally coincides with the harsh austral winter, when the person-
nel are confined inside and can no longer go outside for
recreation.

Despite anecdotal reports of third quarter problems in other
isolated and confined environments, such as Biosphere 2,” this
occurrence has not been universal. Alfano et al.! reported an
analysis of publications “that specifically examined at least one
emotion-based outcome (e.g., mood, anxiety) during space-
flight, polar expeditions/winter-over studies, or extended dura-

tion (ie., >100 days) space simulation environments’" P- %2

Of the 26 reports in their analysis, 13 suggested no change in
negative emotions over time, with negative emotions increasing
or decreasing in the remainder. They concluded that “evidence
for a third quarter effect is primarily limited to anecdotal
reports and broad-based assessments of various domains of
psychological functioning. As such, the presence of increased
levels of emotional distress during this specific period, or any
other for that matter, remains to be confirmed">P-2%

Studies of on-orbit missions in space are consistent with this
assessment. Kanas and colleagues examined mood and team
issues affecting orbiting astronauts and cosmonauts and their
mission control support personnel during a series of missions
to the Russian Mir® and International Space Stations.* In mis-
sions ranging from 4-7 mo in duration, 30 astronauts and cos-
monauts were studied. Despite third quarter expectations, the
researchers found no significant changes over time, or between
any of the quarters, in subscales measuring mood or social
environment in either space station environment. Mission
duration had no effect. Rigorous statistical tests were applied,
including longitudinal mixed-model regression analyses,
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two-way analyses of variance, and corrections to reduce the risk
of Type I errors.

Stuster'? content analyzed the personal journals of 20 astro-
nauts during their ISS missions. He scored behavioral entries as
being positive, negative, or neutral in tone or content. From
this, a Net Positivity/Negativity (NPN) metric was calculated by
subtracting the proportion of negative entries from the propor-
tion of positive entries and plotting the results by quarter of the
mission. By examining the plots for each subject, he concluded
that 14 out of 20 subjects (70%) showed declines in average
NPN during the third quarter. For the Adjustment category
alone (which Stuster believed most closely approximated indi-
vidual morale), this number rose to 17 out of 20 (85%). These
findings were based on a visual inspection of the plots and no
statistical analyses were reported.

Yusupova et al.'” studied five crewmembers engaged in mis-
sions to the ISS lasting from 141 to 340 d. They content analyzed
crew contacts with mission control personnel as indicators of
coping strategies to mission stressors. They found patterns sug-
gestive of an overall increase in stress-coping during the third
and fourth quarters of the missions, especially as mission length
increased. Although they performed statistical tests, they admit-
ted that not all identified differences were significant and
required further study. They also cited events that they believed
affected crew-ground communication, such as high workload,
increased number of visiting crewmembers, and changes in
commander. In another study by this research team involving 15
cosmonauts,'® there was preliminary evidence suggesting a rela-
tionship between individual communication styles in dealing
with time pressures and the ending weeks of the mission.

In 2010-2011, a 520-d simulation of a Mars expedition
was conducted at the Institute for Biomedical Problems in
Moscow. Six male subjects participated and various aspects of
a Mars mission were studied, including increasing communi-
cation delays with outside monitors and a midmission, three-
man separation and landing on a simulated Martian surface.
Several studies were conducted using a variety of psychologi-
cal and behavioral measures that found little statistically sig-
nificant evidence for the third quarter phenomenon.>!%11?
Wang et al.'® found no third quarter effects on their psycho-
logical measures, but they found elevated serotonin and nor-
epinephrine levels that they believed resulted from novel
stressors experienced during the simulated Mars activities.
Other investigators also reported effects believed to be related
to the Mars landing.®'%!>1

In conclusion, despite over 30 yr of empirical work, there is
little evidence suggesting that a time-dependent third quarter
phenomenon typically affects people in space or in space simu-
lation environments. Occasionally, factors other than time may
produce decreases in crewmember well-being in the third
quarter. Examples include the demand characteristic bias that
Bechtel and Berning warned against; selection of crewmembers
whose personality styles do not encourage the maintenance of
team compatibility;® inadequate crew and mission control
group dynamics training;’ and experimental methodological
factors (e.g., lack of statistical rigor, psychological and

behavioral measures that are insensitive to time effects). In
addition, little attention has been paid to the impact of mission
events on crewmember well-being, which is very important for
a future Mars expedition given its three distinct phases: out-
bound, Mars landing/exploration, and return to Earth. Each of
these phases might have its own unique time characteristics or
stressors (e.g., boredom, communication delay with Earth).!!
Future research needs to explore the impact of these factors
over the course of a space mission.

ACKNOWLEDGMENTS

Financial Disclosure Statement: The authors have no competing interests to
declare.

Authors and Affiliations: Nick Kanas, M.D., Professor Emeritus (Psychiatry),
University of California, San Francisco, San Francisco, CA, USA; and Vadim
Gushin, M.D., Ph.D., Chief, and Anna Yusupova, Ph.D., Lead Scientific
Researcher, Laboratory of Cognitive and Social Psychology, Institute for Bio-
medical Problems, Moscow, Russia.

REFERENCES

1. Alfano CA, Bower JL, Cowie ], Lau S, Simpson R]. Long-duration space
exploration and emotional health: recommendations for conceptualizing
and evaluating risk. Acta Astronaut. 2018; 142:289-299.

2. Basner M, Dinges DE Mollicone DJ, Savelev I, Ecker AJ, et al. Psycholog-
ical and behavioral changes during confinement in a 520-day simulated
interplanetary mission to Mars. PLoS One. 2014; 9(3):€93298.

3. Bechtel RB, Berning A. The third-quarter phenomenon: do people expe-
rience discomfort after stress has passed? In: Harrison AA, Clearwater
YA, McKay CP, editors. From Antarctica to outer space: life in isolation
and confinement. New York: Springer-Verlag; 1991:261-265.

4. Kanas NA, Salnitskiy VP, Boyd JE, Gushin VI, Weiss DS, et al. Crewmem-
ber and mission control personnel interactions during International
Space Station missions. Aviat Space Environ Med. 2007; 78(6):601-607.

5. Kanas N, Salnitskiy V, Weiss DS, Grund EM, Gushin V, et al. Crewmem-
ber and ground personnel interactions during Shuttle/Mir space mis-
sions. Aviat Space Environ Med. 2001; 72(5):453-461.

6. Kass J, Kass R, Samaltedinov I. Psychological considerations of man in
space: problems & solutions. Acta Astronaut. 1995; 36(8-12):657-660.

7. Kass R, Kass J. Group dynamics training for manned spaceflight and
the CAPSULS mission: prophylactic against incompatibility and its
consequences? Acta Astronaut. 1995; 36(8-12):567-573.

8. Pold¢kovd Solcové I, Solcova I, Stuchlikova I, Mazehéova Y. The story of
520 days on a simulated flight to Mars. Acta Astronaut. 2016; 126:178-189.

9. Poynter J. The human experiment: two years and twenty minutes inside
Biosphere 2. New York: Basic Books; 2009.

10. Sandal GM, Hege HH. Value diversity and crew relationships during a
simulated space flight to Mars. Acta Astronaut. 2015; 114:164-173.

11. Slack KJ, Williams TJ, Schneiderman JS, Whitmire AM, Picano JJ, et al. Risk
of adverse cognitive or behavioral conditions and psychiatric disorders: evi-
dence report. NASA/JSC Human Research Program, Behavioral Health
And Performance. Houston (TX): Lyndon B. Johnson Space Center; 2016.

12. Solcova I, Gushin V, Vinokhodova A, Lukavsky J. Emotional energy, work
self-efficacy, and perceived similarity during the Mars 520 study. Aviat
Space Environ Med. 2013; 84(11):1186-1190.

13. Stuster J. Behavioral issues associated with long duration space expedi-
tions: review and analysis of astronaut journals, experiment 01-E104
(journals), phase 2 final report (NASA/TM-2016-218603). Houston
(TX): Lyndon B. Johnson Space Center; 2016.

14. Tafforin C. The Mars-500 crew in daily life activities: an ethological study.
Acta Astronaut. 2013; 91:69-76.

690 AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 92, No.8  August 2021

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



15.

16.

17.

Ushakov IB, Morukov BV, Bubeev YA, Gushin VI, Vasileva GY, et al.
Main findings of psychophysiological studies in the Mars 500 experi-
ment. Herald Russ Acad Sci. 2014; 84(2):106-114.

Wang Y, Jing X, Lv K, Wu B, Bai Y, Luo Y, et al. During the long way to
Mars: effects of 520 days of confinement (Mars500) on the assessment of
affective stimuli and stage alteration in mood and plasma hormone levels.
PLoS One. 2014; 9(4):e87087.

Yusupova AK, Shved DM, Gushchin VI, Supolkina NS, Chekalkina Al
Preliminary results of “content” space experiment. Hum Physiol. 2019;
45(7):710-717.

18.

19.

THE THIRD QUARTER PHENOMENON—Kanas et al.

Yusupova A, Supolkina N, Shved D, Gushin V. New approach to communi-
cative patterns effectiveness assessment in space flight. IAC-20, A1, 1, 8,
x56754, p. 1-7 (revised). Paper presented at the 71% International
Astronautical Congress (IAC) - The CyberSpace Edition, October
12-14, 2020. Paris (France): International Astronautical Federation;
2020.

Zavalko IM, Rasskazova EI, Gordeev SA, Palatov Slu, Kovrov GV.
[Effects of long-term isolation and anticipation of significant event on
sleep: results of the project “Mars-520”]. Fiziol Cheloveka. 2013;
39(6):45-52. [Article in Russian].

AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 92, No.8  August 2021 691

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



