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Objective: Risk taking affects human behavior in general and decisions in medicine in
particular. We used game theory to assess physicians’ risk-taking tendencies.

Methods: Physicians were recruited to the study by advertisement. It was explained that they
would receive a sum of money for correct prediction of the flipping of a coin. They could try to
sell their opportunity to flip the coin for an amount of money they determined. The sum offered
by the participants was considered an indicator of risk taking. A demographic questionnaire
assessed age, sex, seniority, and area of specialization of the participants. A multivariate analysis
assessed associations between risk-taking behavior and, seniority, and specialization.
Results: Sixty-two physicians participated, 36 males and 26 females, seniority 1-34 years.
Of a possible range of 0—10, the mean score for risk taking was 5.5 — just slightly more than
indifference. Negative correlations were found between risk taking and seniority, and between
risk taking and age (=—0.45, P<<0.001 for both). Surgeons and anesthesiologists showed greater
risk taking than did other physicians (=0.69, P<<0.05); and females less than males, though
the latter correlation was not statistically significant.

Conclusion: Understanding the tendency of physicians to risk taking may elucidate their
decision-making processes and contribute to understanding of causes of adverse events and to
the education of physicians.
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Introduction

The process of decision making is fascinating and intriguing, especially if the output
of the decision has a significant impact. In medicine, we often witness adverse events
that result from wrong decision making that was influenced by a wide variety of intra-
and interpersonal factors. One of these factors is the tendency toward risk taking or
the tendency to gamble. Risk taking undoubtedly has disadvantages. On the other
hand, it affords the opportunity for change and breakthrough; otherwise, we would
probably do too little and progress too slowly. We learn from our successes and our
routine behavior, but also from our mistakes and wrong decisions.

Our study is, as much as we know, a first attempt to assess physicians’ risk-taking
tendencies by using game theory. We assessed doctors’ tendency to risk taking without
taking a judgmental approach.

Game theory is the study of strategic decision making. It was initially developed
to predict economic decision making and behavior by using mathematic algorithms.
Game theory is defined as the study of mathematical models of conflict and coopera-
tion between intelligent rational decision makers.! Main applications are to economics,
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political science, and psychology, as well as logic, computer
science, and biology. The subject first addressed zero-sum
games, such that one player’s gain is exactly equal to the
other player’s net loss. Nowadays, game theory applies to a
wide range of behavioral relations, and has developed into
an umbrella term for the logical side of decision science,
including both humans and nonhumans. Game theory was
developed extensively in the 1950s and has since been widely
recognized as an important tool in many fields.>

By using a well-known game, we measured physicians’
tendency to risk taking.

Methods

Games that are used for predicting behavior can be classi-
fied according to the nature of the game and its purpose.
We chose a non-cooperative game (there is one player — the
physician participating in the study), which is asymmetric
(the strategy of the game is independent of other players) and
of the “zero-sum” type (choices by players neither increase
nor decrease the available resources).

We published a recruitment advertisement in one Medical
Center (Ziv Medical Center). Physicians who volunteered to
participate were given a short demographic questionnaire, in
which they were asked to state their age, sex, seniority, and
area of specialization. They then received an explanation of
the game.

The game was as follows: the recruited doctor was given
a participant card that gave him or her the opportunity to
play. It was explained to the participant that the game is
flipping a coin and he or she should predict in advance on
which side it will fall — “heads™ or “tails”. The participant
was told that if his or her guess was correct, he or she will
be given the sum of 100 New Israeli Shekel (NIS) (about 25
USD or EU), and if the guess was wrong then he or she will
receive nothing. Then, before entering the room in which the

game was expected to be played, the participant was offered
to sell his or her participant card for a price that he or she
would determine, and told that the examiner could refuse
the deal if the price was too high. Participants who wanted
to sell stated the price they requested (a few participants
were not willing to sell and stated they preferred to play in
any case). The examiner recorded their offers and decided
whether to buy the ticket or not. Those who claimed too high
a price entered the room and played. Those who sold were
given the sum they asked for. Each participant underwent
the process privately in order to avoid influences of other
participants.

The sum offered by the participants was considered an
indicator of risk taking. Since chances of winning or losing
in a flipping coin game are the same (50%) — participants
who were willing to sell at a price less than 50 NIS showed
low tendency to risk taking — they were actually seducing the
examiner to buy and were trying to achieve a sure benefit.
Participants who were willing to sell at a price that was higher
than 50 NIS expected that the examiner would not buy, and
were thus willing to risk a sure profit for the chance of gain-
ing more money.

Figure 1 depicts a table that sums the tendency to risk
taking according to the behavior in this game. The study
was approved by the local bioethical community of the Ziv
Medical Center, Safed, Israel. Written informed participant
consent was not required seen as no medical intervention was
performed and the study group were staff doctors.

Statistical analysis

For continuous variables (age and seniority), arithmetic means
and standard deviations were calculated. For categorical
variables (sex and discipline), number of participants and
proportions were calculated. A multiple regression analysis
was used to predict risk taking according to medical staff

10 9 8 7 6

Risk-taking score

5 4 3 2 1 0

100 NISor | 90 80 70 60
donotwant | NIS | NIS | NIS | NIS

50 NIS 40 30 20 10 0

NIS | NIS | NIS | NIS

to sell
) . . . Strong
Strong risk Risk taker Indifferent to Risk averter <k
ris
taker risk taking
averter

Figure | Risk-taking table according to the described and tested game.
Abbreviation: NIS, New Israeli Shekel.
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Table | Characteristics of medical staff

Table 2 Multiple regression analysis to predict risk-taking scores
by seniority, sex, and discipline of the medical staff

N %
Sex B SEB 95% CI
Male 36 58.1 Seniority (years) -0.08 0.20 0.9k
Female 26 41.9 Sex (female) —0.46 0.34 0.45
Discipline Discipline 0.69 0.35 0.83*
Surgery 12 19.4 (surgery + anesthesia)
Internal ward 16 25.8 R2 0.26
Pediatric 13 21.0 Fia 6,707

.6 "
Anesthesia 10 l6.1 oot :
Notes: *P<<0.05, ***P<0.001.

Others I 17.7 Abbreviations: Cl, confidence interval; SE, standard error.

Mean Standard Range

deviation

Age (years) 45.7 8.4 28-63 . . . .. o
Seniority (years) 18 8.0 |—34 showed greater risk taking than did other physicians (95%
Risk-taking score (0—10) 55 1.4 0-10 confidence interval =0.83, P<<0.05); and females less than

characteristics. A P-value of 5% or less was considered
statistically significant. The data were analyzed using the SPSS
version 20.0.2 (IBM Corporation, Armonk, NY, USA).

Results

Sixty-two physicians were recruited, 36 males and 26 females.
Characteristics of the physicians are described in Table 1. The
range of seniority was 1-34 years. The mean score for risk
taking was 5.5 — just slightly more than indifference in risk
taking. The range was from 0 to 10, meaning that some (4)
were not willing to gamble at all, while others had a very high
urge to gamble, either stating they will play in any case or
suggesting to sell for a maximum price of 100 NIS (though
the majority were not extreme in either direction).

A multiple regression analysis to assess whether medical
staff characteristics can predict risk taking showed statistical
significance (R*=0.26, F;4,=6.70, P<0.001). Negative
correlations were found between risk taking and seniority,
and between risk taking and age (95% confidence interval
=0.92, P<<0.001 for both). Surgeons and anesthesiologists

males, though the latter correlation was not statistically
significant (Table 2).

To eliminate multicollinearity between the variables age
and seniority (=0.97, P<<0.001), we included in the multiple
regression only the seniority variable (Figure 2).

A multivariate analysis showed a decrease in risk-taking
score, as seniority increased. Surgeons and anesthesiolo-
gists tended to gamble more than did physicians of other
disciplines (Figure 3). Women showed a lesser tendency
to gamble than did men; however, the difference was not
statistically significant.

Discussion

Decision making is crucial in medicine. In many instances,
decisions are made in an uncertain environment and with lack
of information. Thus, the tendency to risk taking is a factor
affecting clinical decision making.?

Understanding the tendency of physicians to risk taking
may elucidate their decision-making processes. In this study,
we used game theory to assess physicians’ tendency toward
risk taking, according to seniority, age, sex, and medical
discipline.

5.13

4.5

Mean risk taking score
w

1-5 years 6-10 years

Figure 2 Risk-taking score (mean) by doctors of different seniority.

11-20 years Over 20 years
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Mean risk taking score

Internists

Surgeons

Figure 3 Risk-taking score (mean) by doctors from different disciplines.

Game theory presumes that every person or group of
people makes decisions with the interest of gaining maximum
benefit from a situation, and that decision making is a purely
rational process. Though we assume that physicians are not
100% rational in their decision making, especially in situations
of stress, we were interested in investigating if they generally
tend to take risks. We believe that this tendency affects all
people during decision making in uncertain conditions.

Our study showed that physicians do not have a general
tendency to take risks; the mean gamble score was 5.5 (on
a scale of 0—10). Nevertheless, we found that senior doctors
tend to gamble less than physicians with less experience.
One might expect that experienced physicians rely more on
experience than on facts in their decision making, rendering
them greater risk takers. However, our study showed senior-
ity to be a good predictor of low tendency to gamble/risk
taking (P<<0.001).

Risk-taking scores were higher for surgeons and anes-
thesiologists than for physicians of other disciplines. We
speculate that the quest for short-term results and the need
for intervention to achieve results might be related to risk
taking. In internal medicine, pediatrics and other disciplines,
gathering information in order to confirm a certain diagnosis
might involve a quest to resolve uncertainty and to avoid risk
taking. We note that a small study identified a “surgical per-
sonality” among surgical residents, characterized by higher
scores on the personality traits: extraversion, openness, and
conscientiousness, as compared with the general population.
Risk taking, however, was not assessed.*

In a study based on questionnaires, surgeons were less risk
averse than other physicians and men were more prone to risk
taking than women.®> Our results support these findings.

We found that female doctors tended to take less risk than
male doctors. This tendency was not statistically significant,
probably due to the relatively small sample of 26 female and
36 male physicians.

Pediatricians Anesthesiologists

The tendency to gamble is probably affected by many
factors such as socioeconomic status, education, and envi-
ronmental influences.® An association between risk taking
and medical specialization could be due to an effect of
work experience on the physician. Alternatively, risk-taking
tendency may affect the selection of medical discipline.

Our study simplified a gambling situation, which differs
from actual decision-making situations in medicine. Actual
decision-making situations are obviously more complicated
and probably, in uncertain conditions, based largely on
previous experience rather than on risk taking. Nevertheless,
though no game can precisely mimic real-life medical
decisions, elucidation of the decision-making process and
the factors that affect it may contribute to understanding
causes of adverse events and to the education of physicians.
For example, a study that assessed risk taking according to a
questionnaire found that physicians who were risk avoiding
tended to rely more on evidence-based data, such as provided
by Cochrane reviews and Up-to-date systematic reviews,
compared with physicians who were characterized as risk
seekers.’

Decision making in medicine might sometimes be under
pressure of time or circumstances and therefore require fast
thinking and even risk taking. Game theory might help us in
simulating decision making in various situations and as such
to be an investigative as well as an educational tool. Other
games might be even more accurate and help in isolating
certain behaviors or situations.

Previous works have shown that the tendency to gamble
might be genetic or related to behavioral or even neuro-
physiological disorders.®'® We do not suggest that doctors
have such disorders. On the contrary, our work showed that
physicians in general do not tend to gamble; the average of
the scores was close to the middle. On the other hand, the
distribution of scores was across the entire scale, from low
to high risk.
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Our study is the first, to the best of our knowledge, to
use game theory to understand decision making among
physicians. Other aspects of decision making, other than risk
taking, might be studied using game theory and serve as a
possible education tool.

Conclusion

Using game theory to examine doctors’ tendency to
gamble showed that surgeons and anesthesiologists tended
to gamble more, while senior doctors tended to gamble
less. Female physicians also tended to be less risk taking
than male doctors, though this finding was not statistically
significant. Further studies on this subject may elucidate
factors influencing decision making in medicine, serve as
an educating tool, improve our professionalism, and lessen
adverse events.
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