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To understand human behavior, it is important to know under
what conditions people deviate from selfish rationality. This study
explores the interaction of natural survival instincts and internal-
ized social norms using data on the sinking of the Titanic and the
Lusitania. We show that time pressure appears to be crucial when
explaining behavior under extreme conditions of life and death.
Even though the two vessels and the composition of their passen-
gers were quite similar, the behavior of the individuals on board
was dramatically different. On the Lusitania, selfish behavior
dominated (which corresponds to the classical homo economicus);
on the Titanic, social norms and social status (class) dominated,
which contradicts standard economics. This difference could be
attributed to the fact that the Lusitania sank in 18 min, creating
a situation in which the short-run flight impulse dominated behav-
ior. On the slowly sinking Titanic (2 h, 40 min), there was time for
socially determined behavioral patterns to reemerge. Maritime
disasters are traditionally not analyzed in a comparative manner
with advanced statistical (econometric) techniques using individ-
ual data of the passengers and crew. Knowing human behavior
under extreme conditions provides insight into howwidely human
behavior can vary, depending on differing external conditions.

altruism and self-interest | decisions under pressure | fight and flight |
tragic events | Quasi-Natural Experiment

On the night of April 14, 1912, the Titanic collided with an
iceberg and sank, resulting in the death of 1,517 people.

Three years later, on May 7, 1915, the Lusitania was torpedoed
by a German U-boat and sank; 1,198 people died in this tragedy.
We explore the interaction of survival instincts and the materi-
alization of internalized social norms using data on these two
disasters, both of which demonstrate a similar shortage of life-
boats and survival rates (∼30%), a comparable number of crew
members in relation to passengers (∼40%), and similarities in
passengers’ sociodemographic and socioeconomic structures
(Table 1). Because the two maritime disasters occurred within 3
years of each other, stable historical norms can be assumed.
Maritime disasters, specifically shipping disasters such as the

sinking of the Titanic or Lusitania, are in general not analyzed in a
comparative manner with advanced statistical (econometric)
techniques using individual data of the passengers and crew. This
analysis provides innovative insights into the behavior of individ-
uals under extreme conditions. Economics traditionally assumes
that human beings behave in a rational and selfish way, which is
shaped by external conditions (1, 2). Recent research has provided
evidence that these assumptions do not always hold, however (3–
5). Even though the two vessels and the composition of the pas-
sengerswere quite similar, the behavior of the individuals on board
was dramatically different. On the Lusitania, selfish behavior
prevailed (which corresponds to the classical homo economicus),
whereas on the Titanic, the adherence to social norms and social
status (class) dominated. This difference could be attributed to the
fact that the Lusitania sank in only 18 min, creating a situation in
which the short-runflight impulse dominates behavior, whereas on

the slowly sinking Titanic (2 h, 40 min), there was time for socially
determined behavioral patterns to reemerge. It also can be argued
that the fact that theLusitaniawas sunk during a time of warmight
have provoked different reactions. For example, the passengers on
theLusitaniamight be have been less risk-averse.Warning notices
had been printed in the leading newspapers reminding trans-
atlantic passengers that a state of war was in effect, that any vessel
traveling under the British flag was liable to destruction, and that
passengers sailed at their own risk. On the other hand, there are
several reasonable suppositions supporting the idea that the
Lusitania should not have been at risk, primarily because it was
capable of sufficient speed to outrun enemy torpedoes. The
Lusitania held the transatlantic Blue Riband award for speed at
the time, and it was a vessel carrying civilian passengers, not a
warship. Finally, it was carrying a number of neutral American
civilians. Maritime law states that in wartime, merchant vessels
must be given a warning before attack, whereas warships should
not expect any warning. The Lusitania was never given such a
warning by the attacking German U-boat (6). The cargo was
generally of the ordinary kind, but also included a number of cases
of cartridges (about 5,000). Contrary to German claims, the
steamer carried no masked guns, trained gunners, or special
ammunition, nor was she transporting troops (7).
The likelihood that the passengers of the Lusitania knew about

the tragic events of the sinking of the Titanic should not be exclu-
ded. For example, whereas many of the passengers on the Titanic
may have (wrongly) believed that they would ultimately be rescued
(8), those on the Lusitania may have learned from the experience
of the Titanic. This may have led those passengers to change their
behavior (i.e., increase self-preserving behavior). Nevertheless,
maritime disasters have similarities to quasi-natural experiments,
whose great advantage is randomization and realism (9–11). The
disasters occurred due to an exogenous event, and the resulting
life-and-death situation affected every person aboard equally.
Many social scientists assume that in a life-and-death sit-

uation, self-interested reactions predominate. Social cohesion is
expected to disappear, and the desire to act in accordance with
self-interest takes over (12, 13). In states of extreme privatization
(14), “the social contract is thrown away, and each man single-
mindedly attempts to save his own life at whatever cost to oth-
ers” (15). On the other hand, social norms are followed for
intrinsic reasons; people believe them to be “right” (16) or fear
social sanctions when violating them (17). The emerging disaster
literature suggests that prosocial behavior predominates in such
contexts (18). Laboratory experiments have shown that strategic
incentives are important to the understanding of whether self-
regarding or other-regarding preferences dominate (19).
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Our study proposes that context differences matter. Time
appears to be a key parameter for explaining the adoption of either
social or self-interested behaviors. Our results indicate that
adherence to social norms and social power requires time to
manifest (evolve) and cannot compete against individual self-
interested flight behavior in a shorter window of opportunity,
where competition for survival of the fittest prevails. The rapid
sinking of the Lusitania very likely created a situation in which
simple physical prowess and may be also good fortune or ran-
domness played a larger role, whereas social norms were much
more influential in the case of theTitanic.Havingmore time on the
Titanic also may have eased the restrictions on bargaining for
lifeboats and facilitated information generating advantages, which
may have benefited first-class and second-class passengers com-
pared with third-class passengers (with the crew favoring the rich
andpowerful).An information advantage could beobtained by the
upper class passengers, such as advanced access to critical/life-
saving information or a more accurate risk assessment from offi-
cers. However, this advantage may have been difficult or impos-
sible to implement under the conditions reigning on the rapidly
sinking Lusitania. The research on fight-or-flight behavior may
provide further insights into how people reacted in these different
conditions. Fight-or-flight behavior as the instinctual reaction to a
perceived danger has been explored in various disciplines,
including biology, psychology, and sociology (20–23). Biologically,
fight-or-flight behavior has two distinctly separate stages (24). The
short-term response triggers a surge in adrenaline production via
the hypothalamus and can last froma few seconds to a fewminutes.
This response is limited to a few minutes, because adrenaline
degrades rapidly and leaves the body in a state of exhaustion (25).
The elevated operational state is maintained for a short period
after the threat has passed, after which the response mechanism
switches off and the system returns to homeostasis (26). The
duration extends beyond the active flight response time and
includes a cool-down period. Only after returning to homeostasis
do the higher-order brain functions of the neocortex begin to
override instinctual responses, which may lead to a change toward
prosocial individual behaviors.
We were able to collect unique data sets containing detailed

information about gender, age, ticket price, and thus the
passenger-class status for both the Titanic and the Lusitania to
use in testing these propositions. The dependent variable in the
multivariate analysis is a 0/1 variable that indicates whether an
individual did or did not survive the disaster (survived = 1).
Table 2 shows the estimated parameters, the significance level
(indicated by z values), and the quantitative (marginal) effects
for the Titanic and the Lusitania. The results focus only on
passengers (without crew members).

Results
Because the Lusitania sank in under 18 min, we would expect a
stronger competition for survival (of the fittest) on that ship than on
the Titanic. People in their prime (age 16–35 years) are expected to
have higher survival probabilities. However, a higher survival rate
may be a result not only of the struggle for a place on a lifeboat, but
also of an inefficient launching of lifeboats on the Lusitania. Indi-
viduals who were strong and agile enough to stay in the boats or to
get back into the boats after being pitched into the water had a
higher survival rate (7). The results of Eq. (1), given in Table 2,

suggest that persons age 16–35 had a higher probability of surviving
(7.9% for males and 10.4 for females) compared with other age
groups. In contrast, on the Titanic, only females in the reproductive
age group (16–35 years) had a higher probability of surviving
(48.3%), supporting the importance of the procreation instinct (27).
Conversely, males age 16–35 had a lower probability of surviving.
The results of Eq. (2) in Table 2 show that the social norm of
“women and children first”was deferred to only on theTitanic. This
social norm was enforced by the crew members and considered
acceptable by the passengers; otherwise, the passengers could have
easily revolted against such a protocol. In both disasters, the cap-
tains issued orders to their officers and crew to follow the social
norm of “women and children first.”These orders were successfully
carried out on the Titanic, but not on the Lusitania, due to time
constraints and problems launching the lifeboats (10, 26).
It also should be noted that the Lusitania regressions had lower

pseudo-R2 values. This might be due to the rapidity of the sinking,
which induced much randomness into the survival process. Al-
though it certainly is true that a higher pseudo-R2 value is better,
we have no reason to reject the model, because we still have clear
confirmation that people in their prime (age 16–35) had a higher
survival probability. Moreover, a global test of significance, testing
the null hypothesis that all of the coefficients are 0, clearly can be
rejected (Table 2).

Table 1. Passenger structure

Variable Lusitania Titanic

Survived, mean 0.326 0.32
Female, mean 0.26 0.22
Age, years, mean 31.57 30.04
First class, mean 0.149 0.147

Table 2. Determinants of passenger survival on the Titanic (T)
and the Lusitania (L)

Reference group

Male/female age
>35, third class,
and no children

Male, adults, and
third class

Probit (T) (L) (T) (L)

Female 1.468* −0.0336
17.44 −0.36
0.53 −0.011

Age < 16 years 0.797* −0.019 0.382* −0.163
5.29 −0.11 2.83 −1.28
0.309 −0.007 0.148 −0.053

Male age 16–35 years −0.176† 0.228‡

−1.69 2.00
−0.065 0.079

Female age 16–35 years 1.297* 0.293‡

10.76 2.29
0.483 0.104

First class 1.167* −0.359* 1.066* −0.439*
10.78 −3.02 10.62 −3.87
0.439 −0.115 0.403 −0.139

Second class 0.448* 0.003 0.387* 0.0145
4.41 0.02 3.74 0.14
0.172 0.001 0.148 0.005

Has children 0.502* 0.026
2.80 0.18
0.196 0.009

Observations 1,300 933 1,300 933
Probability > χ2 0.000 0.000 0.000 0.001
Pseudo-R2 0.216 0.023 0.28 0.017

The dependent variable in this probit model is individuals’ survival. Sur-
vival takes a value of 1. Coefficients are in roman type, z statistics are in
italics, and marginal effects are in bold.
*Statistical significance at the 1% level.
†Statistical significance at the 10% level.
‡Statistical significance at the 5% level.
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Discussion
Children had a 14.8% higher probability of surviving than adults,
and a person accompanying a child had a 19.6% higher proba-
bility of survival than a person without a child. Moreover, being
female increased the probability of surviving by more than 50%.
These results suggest a stronger competition for survival (of the
fittest) on the Lusitania. In the environment of the Titanic, social
norms were enforced more often, and there was also a higher
willingness among males to surrender a seat on a lifeboat.
Economic class or social power conferred a relative advantage.

First-class passengers, and to some extent second-class passengers
as well, tried to secure the same preferential treatment with respect
to lifeboat access that they were used to receiving on the vessel. But
the generation of such a relative advantage takes time. Indeed,
Table 2 shows a higher survival rate for first-class passengers on the
Titanic, but not on the Lusitania, where first-class passengers fared
even worse than third-class passengers. The question remains as to
whether the structure of the ship biased such results. It should be
noted that there were no restrictions on the movements of any
passengers, including those in steerage. Crew members made their
way through steerage calling out and warning passengers shouting
“All up on deck!” A gate was temporally locked; however, this was
rectified, and the steerage passengers had as much opportunity to
survive as both first-class and second-class passengers (7).
Our empirical analysis suggests that the adoption of a specific

behavior might depend on time as a factor, although time may
not be the only factor at work. Such a natural environment is less
controlled than an experimental setting. In other words, there
can be no absolute proof of the hypothesis that only time led to
such behavioral differences. Ideally, more observations (com-
parable shipwrecks) are needed to better isolate the potential
relevance of time. Nonetheless, it seems that on the more slowly
sinking Titanic, prosocial behavior predominated (in a stronger
manner), whereas more selfish conduct prevailed on the rapidly
sinking Lusitania.

Methods
Titanic Data. The Titanic data set consists of 2,207 persons confirmed to be
aboard the R.M.S. Titanic. The data were gathered from the Encyclopedia
Titanica and cross-checked with other sources (28–36). The dependent vari-
able is whether someone survived or not. Of the 2,207 passengers and crew
members, 1,517 died. Information was obtained for all but 21 of those
onboard; the age variable was unobtainable for these 21, and as such they
have been omitted from all regressions that include the age variable. The
2,186 people on board included 1,300 passengers and 886 crew members. In
the empirical study, we focus only on the passengers. Among the pas-
sengers, 43 were servants, 840 were male (65%), and 460 of the 1,300 pas-
sengers were female (35%). Aboard the Titanic, lifeboats were a scarce
commodity. The vessel only had 20 lifeboats, which could accommodate a
maximum of 1,178 persons, or 52% of the people aboard. There were more
lifeboats than required by the rules of the British Board of Trade, drafted in
1894, which determined the number of lifeboats based on a ship’s gross
register tonnage, rather than on the number of persons aboard. Because the

Titanic initially showed no signs of being in imminent danger, passengers
were reluctant to leave the apparent security of the vessel to board small
lifeboats. Consequently, in the beginning, most of the lifeboats were
launched partially empty, which increased the demand for lifeboat seats
once the people on board realized that the ship was indeed sinking.

Lusitania Data. The Lusitania data consist of 1,949 persons confirmed to be
aboard the R.M.S. Lusitania. The data were gathered from numerous sources
and cross-checked with other sources (7, 37, 38). The dependent variable is
whether someone survived or not. Of 1,949 passengers and crew members,
1,313 died. The 1,949 persons on board included 258 passengers and 691
crew members. Among the passengers, 19 were servants, 775 were male
(62%), and 483 of the 1,258 passengers were female (38%). The shortage of
lifeboats occurred not because of an original physical shortage of boats, but
from an inability to launch all of the available boats. Approximately 10
seconds after the torpedo struck, the vessel listed heavily to starboard (15
degrees), making it very difficult to launch the lifeboats on the port side (7),
because they could not clear the rail. In addition, the starboard boats were
difficult to enter for the opposite reason; the lifeboats swung out too far,
making them difficult to load.

Additional Data and Definitions. Based on the records, we were able to gather
information about passengers’ gender, age, nationality, port of boarding,
ticket price, and passenger-class status (first, second, or third class). In
addition, we were able to generate individual information related to travel
plans and companions (i.e., having children). Because the impact of age is
prominent in this investigation, it is important to use generally accepted
groupings: children, adults, and older people. We used the United Nations
standard for age (39), which classifies children as persons 15 years of age or
under. In humans, the peak reproductive age, as defined by the American
Society for Reproductive Medicine (40), is between 15 and 35 years of age.

Analytic Method. We used a probit model of the survival probability for a
typical passenger,

Prðy ¼ 1 j x1; x2; . . . ; xkÞ ¼ Φðαþ β1x1 þ β2x2 þ . . .þ βkxkÞ:
Here y is a dummy variable indicating whether the passenger survived (y = 1)
or not (y = 0); the variables (x1, x2, . . ., xk) are explanatory variables, such as
gender and age; (α, β1, β2, . . . βk) are parameters to be estimated; and Φ is the
cumulative standard normal distribution function. The role of Φ, which is
increasing in its argument, is to keep the probability, Pr(y = 1), in the 0–1
interval. Each passenger contributes one observation on (y, x1, x2, . . ., xk).
From a sample of such observations, assumed to be independent, the
parameters can be estimated by the maximum likelihood method. This is a
standard probit model (41, 42). Because the coefficients are difficult to
interpret directly, the marginal effect of a continuous explanatory variable,
xj, will, as usual, be interpreted through the partial derivative,

∂Prðy ¼ 1j x1; x2; . . . ; xkÞ
∂ xj

¼ βjϕðαþ β1x1 þ β2x2 þ . . .þ βkxkÞ;

evaluated at the means, where ϕ is the standard normal density function
(not the cumulative density Φ). Because ϕ > 0, the sign of the marginal effect
is the same as the sign of βj. For a discrete xj, a difference is used in place of a
partial derivative.

1. Becker GS (1976) The Economic Approach to Human Behavior (Chicago University
Press, Chicago).

2. Frey BS, ed. (1999) Economics as a Science of Human Behavior (Kluwer, Dordrecht, The
Netherlands).

3. Kahneman D, Slovic P, Tversky A, eds. (1982) Judgment Under Uncertainty: Heuristics
and Biases (Cambridge University Press, Cambridge, UK).

4. Thaler R, Sunstein CR (2008) Nudge: Improving Decisions About Health, Wealth and
Happiness (Yale University Press, New Haven, CT).

5. Fehr E, Fischbacher U (2003) The nature of human altruism. Nature 425:785–791.
6. Bailey TA (1935) The Sinking of the Lusitania. Am Hist Rev 41:54–73.
7. British Wreck Commissioner (1915) Official Transcript of the British Wreck Commis-

sioner’s Inquiry, pp 108, 479, 514, 539–542, 1021, 1156–1182, 2295–2296. Available at:
www.titanicinquiry.org/Lusitania/lucy01.php. Accessed January 9, 2008.

8. U.S. Senate Subcommittee of the Committee on Commerce (1912) Official Transcript
of the United States Senate Hearings into the Sinking of the RMS Titanic, pp 57, 70,
77, 333, 806, 1019, 1021, 1029, 1042, 1055. Available at: www.titanicinquiry.org/
USInq01.php. Accessed January 9, 2008.

9. List JA,ReileyDH(2008) inTheNewPalgraveDictionaryofEconomicsOnline,eds.DurlafSN,
Blume lE (Palgrave Macmillian, London). Available at: www.dictionaryofeconomics.com/
article?id=pde2008 F000305. Accessed September 3, 2008.

10. Levitt SD, List JA (2008) Field experiments in economics: The past, the present and the
future. Eur Econ Rev 53:1–18.

11. List JA (2008) Homo experimentalis evolves. Science 321:207–208.

12. Mintz A (1951) Non-adaptive group behavior. J Abnorm Psychol 46:150–159.

13. Kelley HH, Condry JC, Dahlke AE, Hill AH (1965) Collective behavior in a simulated and
panic situation. J Exp Soc Psychol 1:20–56.

14. Lang K, Lang GE (1962) Collective Dynamics (Thomas Y. Crowell, New York).

15. Brown R (1965) Social Psychology (Free Press, New York).

16. Elster J (2006) Fairness and norms. Soc Res (New York) 73:365–376.
17. Polinsky MA, Shavell S (2000) The economic theory of public enforcement of law. J

Econ Lit 38:45–76.
18. Quarantelli EL (2001) The sociology of panic. International Encyclopedia of the Social

and Behavioral Sciences, ed Baltes SA (Pergamon Press, London).

4864 | www.pnas.org/cgi/doi/10.1073/pnas.0911303107 Frey et al.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.p
na

s.
or

g 
by

 3
7.

58
.2

21
.9

0 
on

 A
ug

us
t 2

1,
 2

02
3 

fr
om

 I
P 

ad
dr

es
s 

37
.5

8.
22

1.
90

.

http://www.dictionaryofeconomics.com/article?id=pde2008 F000305
http://www.dictionaryofeconomics.com/article?id=pde2008 F000305
www.pnas.org/cgi/doi/10.1073/pnas.0911303107


19. Camerer CF, Fehr E (2006) When does “economic man” dominate social behavior?
Science 311:47–52.

20. CannonWB (1929) Organization for physiological homeostasis. Physiol Rev 9:399–431.
21. Gray JA (1988) The Psychology of Fear and Stress (Cambridge University Press,

New York).
22. Mawson AR (2007) Mass Panic and Social Attachment: The Dynamics of Human

Behavior (Ashgate, Aldershot, UK).
23. Cory GA (2000) From MacLean’s triune brain concept to the conflict systems

neurobehavioral model: The subjective bias of moral and spiritual consciousness.
Zygon 35:385–413.

24. Vingerhoets AJJM, Perski A (2000) The psychobiology of stress. Psychology in
Medicine eds Kaptein A, Appels A, Orth-Gomer K (Bohn Stafleu Van Loghum,
Houten/Diegem, The Netherlands).

25. Henry J, Wang S (1998) Effects of early stress on adult affliliative behavior.
Psychoneuroendocrinology 23:863–875.

26. Everly GS (2002) A Clinical Guide to the Treatment of the Human Stress Response
(Kluwer/Plenum, New York).

27. Felson RB (2000) The normative protection of women from violence. Sociol Forum 15:
91–116.

28. Beavis D (2002) Who Sailed on the Titanic? The Definitive Passenger Lists (Ian Allan
Publishing, London).

29. Eaton JP, Haas C (1994) Titanic: Triumph and Tragedy (Patrick Stephens, London).
30. Geller JB (1998) Titanic: Women and Children First (Norton, New York).

31. Howell R (1999) The Myth of the Titanic (Palgrave McMillian, London).
32. Lord W (1955) A Night to Remember (Bantam, New York).
33. Lord W (1988) The Night Lives On (Morrow, New York).
34. Quinn PJ (1999) Dusk to Dawn: Survivor Accounts of the Last Night on the Titanic

(Fantail, Johnson City, NY).
35. Ruffman A (1999) Titanic Remembered: The Unsinkable Ship and Halifax (Formac

Publishing, Halifax, Canada).
36. Butler DA (2000) The Lusitania: The Life, Loss and Legacy of an Ocean Legend

(Stackpole Books, Mechanicsburg, PA).
37. O’Sullivan P (2000) The Lusitania: Unraveling the Mysteries (The Collins Press,

Staplehurst).
38. Preston D (2002) Willful Murder (Transworld Publishers, London).
39. American Society for Reproductive Medicine (2003) Reproductive Aging in Women.

Patient’s Fact Sheet, Available at http://www.asrm.org/Patients/Fact/fact.html. Ac-

cessed August 13, 2008.
40. Department of International Economic and Social Affairs (1982) Provisional Guide-

lines on Standard International Age Classifications (United Nations, New York), Series

M, No. 74.
41. Baum CF (2003) An Introduction to Modern Econometrics Using Stata (Stata Press,

College Station, TX).
42. Wooldridge JM (2002) Econometric Analysis of Cross-Section and Panel Data

(MIT Press, Cambridge, MA).

Frey et al. PNAS | March 16, 2010 | vol. 107 | no. 11 | 4865

EC
O
N
O
M
IC

SC
IE
N
CE

S

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.p
na

s.
or

g 
by

 3
7.

58
.2

21
.9

0 
on

 A
ug

us
t 2

1,
 2

02
3 

fr
om

 I
P 

ad
dr

es
s 

37
.5

8.
22

1.
90

.


