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Cognitive biases strongly influence risky decisions with payoffs. Financial risk-taking tends to increase following
prior gains, as if gambling with “house money”. Intelligence and personality also influence risk preferences, but
the extent to which they moderate susceptibility to cognitive biases is not understood. We evaluated the house
money effect and its moderators by combining data from an online horse betting dataset, comprehensive
administrative population registry, and intelligence and personality trait measures (N = 11,220). Gains on the

previous betting day were associated with increased betting amounts on the following betting day and shorter
time between two consequent sessions. This effect was stronger among individuals with higher extraversion,
lower conscientiousness, and lower IQ. Intelligence and personality have tangible monetary implications in real-

life risky choices.

1. Introduction

Human cognition is characterized by various biases and heuristics —
mental shortcuts, or deviations from norms of judgement — which have
been studied for decades by psychologists, cognitive scientists, and
behavioral economists alike (Cardenas et al., 2014; Gilovich et al., 2002;
Riidisser et al., 2017). Our decisions, particularly financial ones, are
often made intuitively or based on affective impulses (Acciarini et al.,
2021; Goyal et al., 2023; Jain et al., 2023; Mittal, 2022), which makes it
notoriously difficult to systematically predict human behavior or the
individual differences therein.

Decision-making and risk-taking are often investigated in controlled
environments, using either one-off or iterated financial decisions
designed for laboratory convenience (Breuer et al., 2022; Kahneman &
Tversky, 1979). These decisions typically involve either accepting or
rejecting gambles with varying known expected values but without
significant adverse consequences or real-life relevance. In a laboratory
setting, high stakes tend not to improve performance or debias decision-
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making (Enke et al., 2023). However, real-life (human) financial
decision-making, such as investing in stocks, taking loans, or gambling,
often involves repeated decisions where long-term results are shrouded
by statistical variance and other vagaries. In such environments, de-
cisions have tangible and often negative consequences, and previously
accrued gains and losses influence how people view their future finan-
cial prospects. Financial risk-taking in real life is, in other words, a path-
dependent and dynamic process where decisions are heavily influenced
by past outcomes and contextual factors (see also Hausler et al., 2018;
Palomaki et al., 2020).

The house money effect is a well-known phenomenon where risk-
taking increases following previous monetary wins in, for example,
investing or gambling (Cardenas et al., 2014; Flepp & Riidisser, 2019;
Frino et al., 2008; Grinblatt et al., 2012; Hsu & Chow, 2013; Riidisser
et al.,, 2017). The effect may be due to mental accounting whereby
people mentally segregate their funds into what they started with and
what they have won: being a winner on “house money” mitigates
emotional aversion to losing money — or at least the money that came

Received 30 March 2025; Received in revised form 18 September 2025; Accepted 22 September 2025

Available online 23 September 2025

0092-6566,/© 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0001-6063-0926
https://orcid.org/0000-0001-6063-0926
mailto:jussi.palomaki@thl.fi
www.sciencedirect.com/science/journal/00926566
https://www.elsevier.com/locate/jrp
https://doi.org/10.1016/j.jrp.2025.104669
https://doi.org/10.1016/j.jrp.2025.104669
http://creativecommons.org/licenses/by/4.0/

J. Palomaki et al.

from the house -, thus making it easier to spend it further (Thaler &
Johnson, 1990). However, financial risk-taking may also increase
following previous losses, as often seen when gamblers continue betting
to recoup or chase after what they lost (American Psychological Asso-
ciation, 2013; Zhang & Clark, 2020). These results appear to offer
conflicting insights into human behavior, with risk-taking increasing
following both wins and losses, depending on the context. Thaler and
Johnson (1990) suggested that the house money effect occurs when,
after a gain, subsequent losses are smaller than the original gain and can
be integrated with it, thus mitigating loss aversion. However, the house
money effect may diminish if potential losses approach the initial gains.
Chasing, in turn, may occur primarily when future wagers offer a chance
to break even and fully offset previous losses. In later work using
simplified slot machines, Demaree et al. (2012) found support for the
house money effect when trial-based winning probability was 87 % (but
not when it was 13 % or 50 %), and conversely, chasing occurred when
winning probability was 13 % (but not 87 % or 50 %).

Individual variation in psychological traits, such as personality, as
well as cognitive abilities, have also been studied as boundary condi-
tions (i.e., statistical moderators) to biasing effects in financial risk-
taking. Behavioral economics has traditionally assumed that human
actions are driven by bounded rationality, where satisfactory outcomes
are accepted over strictly optimal ones (e.g., Kahneman, 2003). Simi-
larly, within the bounded rationality framework, “fast-and-frugal”
cognitive processing style dictated by emotions, gut feelings, and intu-
ition, is known to bias decision-making (also known as “System 1”
processing; e.g., Kahneman & Klein, 2009). Higher cognitive ability,
however, can buffer against these biases, giving individuals better access
to slow and deliberate (“System 2”) cognitive processing. For example,
high cognitive ability has been linked with a lowered susceptibility to
the house money effect in a laboratory setting (Hackinger, 2016) as well
as to a lowered susceptibility to the disposition effect in stock trading (i.
e., investors’ tendency to sell assets that have increased in value but
holding on to assets that have dropped in value, see Grinblatt et al.,
2012).

In terms of personality traits, recent evidence has underscored the
significant role of extraversion in financial decision-making as well as
reward processing (e.g., Palomaki et al., 2021; Skatova et al., 2013).
Extraverts are typically viewed as enthusiastic, talkative, and assertive;
they enjoy others’ company and generally view events positively
(Fishman et al., 2011). However, research has also drawn attention to
the conceptual link between extraversion and reward sensitivity, sug-
gesting that extraverted individuals are drawn to social situations pri-
marily because they are inherently rewarding (Depue & Collins, 1999;
Smillie, 2013). Extravert investors, compared with introverts, were
found more susceptible to various cognitive biases such as the disposi-
tion effect, herding and overconfidence (Ahmad, 2020). In a similar
vein, extraversion was found to reduce myopic loss aversion in financial
decision-making (Durand et al., 2019), indicating that extraverted in-
dividuals are less concerned about losses than introverts are, putatively
due to overconfidence or a bias towards optimism. Finally, Palomaki
et al. (2021) found that extraversion was positively associated with the
probability of being a horse race bettor and horse race betting intensity,
while the reverse was true for conscientiousness, suggesting that ex-
traverts are drawn to betting, while conscientious individuals are
repelled by it.

Few studies have found links between conscientiousness and sus-
ceptibility to cognitive biases. Earlier research has linked low consci-
entiousness with negative attitudes towards gambling, as well as
gambling problems (Brunborg et al., 2016; McGrath et al., 2018; Quigley
etal., 2015). Conscientiousness is also linked with reduced risk-taking in
asset accumulation, investing, and pension accumulation (Kausel et al.,
2016; Letkiewicz & Fox, 2014; Oehler & Wedlich, 2018), and negatively
associated with horse race betting participation and bet sizes (Palomaki
et al., 2021). Conscientiousness also reflects effortful control, regulatory
mechanisms, and stable psychosocial functioning (e.g., Zhao & Smillie,
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2015). These findings may suggest conscientiousness is about risk averse
goal selection and prioritization, as well as strategic and diligent
resource management (Bagby et al., 2007; MacLaren et al., 2011; Rueter
et al.,, 2018). In terms of reduced susceptibility to cognitive biases,
however, the role of conscientiousness is not as clear. Some evidence
suggests that conscientiousness is associated with increased emotional
aversion towards losses, which may partly explain why conscientious
individuals are diligent and avoid risks in financial decisions (Boyce
et al., 2016). The house money effect may stem from emotional factors,
such as a reduced fear of losing or overconfidence after winning.
Because high conscientiousness, alongside high intelligence, both reflect
strong executive cognitive control (Chen et al., 2019; Fleming et al.,
2016), the traits may reduce the influence of emotional processes on
decision-making. Moreover, if the house money effect reflects decreased
emotional aversion to losses, conscientious individuals might be less
susceptible to it due to a stronger initial predisposition to loss aversion.

Many studies on the house money effect have relied on voluntary
self-report questionnaires and artificial laboratory settings, which have
known limitations such as self-selection effects and various social biases
that skew responses (e.g., Fisher, 1993). These limitations can be cir-
cumvented by analyzing actual longitudinal betting data over many
consequent sessions and individuals, but such studies are scarce. One
longitudinal study analyzed gambling operator data and found that
while online gamblers tended to increase their betting over long-term
losses, they also increased betting after more recent gains (Ma et al.,
2014). Another field study discovered that gamblers reduced their
wagering on sessions following large losses (Riidisser et al., 2017).
Finally, a study of individual horserace bettors’ dynamic behavior in a
single race meeting found that bettors make more risky bets after gains
with the money they had won, whereas after losses they reduced risk
taking and focused on recouping incurred losses (Suhonen & Saasta-
moinen, 2018). These findings based on actual betting behavior data
suggest that prior gains or losses result in riskier or more cautious
betting, respectively, on the following session (though not over the long-
term). However, to our best knowledge, there are no studies on actual
financial risk taking which also evaluate the effects of psychological
traits as behavioral moderators.

1.1. Current study

Here we evaluate how winning on the previous betting session af-
fects betting behavior on the following session by matching data from
three sources: online horse betting panel data from the Finnish mo-
nopoly betting company, Veikkaus Ltd; administrative registry data on
the Finnish population from Statistics Finland; and intelligence test data
from the Finnish Defence Forces (FDF). Specifically, we operationalize
the house money effect as the size of individuals’ daily bets (following
either winning or non-winning betting days), and as the number of days
between two consequent betting sessions. This dual operationalization
posits that when bettors have won on their previous betting day, their
risk-taking increases, which is, in turn, reflected not only in increased
bet sizes but also in decreased number of days between consecutive
sessions. Notably, the number of days between betting sessions has
previously been used to operationalize between-session chasing
(Banerjee et al., 2023; Zhang et al., 2024), whereby risk-taking increases
(i.e. there are fewer days between sessions) following losses. This in-
dicates that the variable itself is a reasonable measure of risk-taking,
despite being used in a different behavioral context, where risk-taking
is assumed to increase following losses instead of wins.

We ask the following research question (RQs): 1) Can we observe the
house money effect in a naturalistic betting environment over many
repeated betting days? 2) Do individual differences in intelligence
quotient (IQ) or personality traits moderate the possible biasing effects
of prior gains; that is, do these effects manifest differently for people
with varying levels of intelligence and/or personality?

Unlike previous research, we can adjust our analyses for the effects of
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various socioeconomic variables, which enables controlling for many
potentially confounding factors known in financial decision-making
(Dhar & Zhu, 2006; Vaarmets et al., 2019). People’s responses to
financial gains or losses may be highly nuanced, as is evidenced by the
somewhat inconclusive evidence on the house money effect. By
combining three rich data sources, we seek to provide a detailed
description of the trait moderators in a well-known financial decision-
making bias, the house money effect.

2. Method
2.1. Design and participants

We analyzed individuals’ day-to-day horse betting behavior for one
year. Our dataset combined individual-level 1) IQ and personality trait
data from the Finnish Defence Forces (FDF), 2) online horse betting data
from Fintoto Ltd (a state-owned gambling monopoly, currently known
as Veikkaus Ltd), and 3) administrative registry data from Statistics
Finland. The final sample size, which represented the intersection of all
data sources, included 11,220 male individuals aged 36-54 (details
below). This study was approved by the University of Eastern Finland’s
Committee on Research Ethics. The study was not preregistered.

2.2. Betting data

The data contain all horse race wagers made by 47,234 bettors on the
operator’s online accounts between September 1, 2015, and August 31,
2016. This accounts for 364 potential betting days per participant
(betting was possible on every day except Christmas Eve and Christmas
Day). Specifically, the data include the day-to-day amounts staked on
various betting products, the number of bets made and returns on wa-
gers at the individual level (see Suhonen et al., 2023 for more details on
the betting environment and betting formats).

2.3. Administrative registry data

We controlled our analyses with a range of socioeconomic variables
based on previous conventions (Aspara et al., 2017; Grinblatt et al.,
2011; Palomaki et al., 2021; Suhonen et al., 2023; see also the Supple-
mentary Materials table S1). These data were drawn from the national
FOLK database for 2015, which is an administrative registry database
maintained by Statistics Finland. The database covers the entire Finnish
population between ages 15 and 70 (~3.92 million individuals). How-
ever, since IQ and personality trait data is available only for men, as will
be explained below, our analyses cannot control for biological sex.

2.4. IQ and personality trait data

The FDF administers cognitive ability and personality tests to all
conscripts at the beginning of service to screen potential candidates for
noncommissioned officer training. Data is available for all conscripts
between 1982 and 2000, during which time the tests remained un-
changed. These data cover 71 % of all Finnish men between the 1962
and 1980 birth cohorts (N = 471,984). Most conscripts (98 % during the
period observed) are male since military service is mandatory for males
between the ages of 18 and 28, and voluntary for females.

The IQ test is mandatory and taken under group-administered con-
ditions across various FDF units. It comprises subtests for numerical-,
verbal-, and spatial logic aspects of cognitive ability, with 40 multiple
choice questions in total. The data records the test date as well as the
individual-wise number of correct responses. We use the arithmetic
mean of the three subtests as a general measure of intelligence (com-
posite IQ, standardized year-wise [Mean = 0, SD = 1]) to remove po-
tential secular trends in IQ such as the Flynn-effect. The IQ test
subcomponents are positively correlated (rs between 0.59 and 0.7), but
not analyzed separately in the current study (for more details on IQ-
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related results on the same data, see Aspara et al., 2017; Aspara &
Wittkowski, 2019; Grinblatt et al., 2011, 2012, 2016; Grinblatt &
Keloharju, 2009; Suhonen et al., 2023).

The personality test measures the subtraits of (a) achievement
striving, (b) activity-energy, (c) deliberation, (d) dutifulness, (e) lead-
ership motivation, (f) masculinity, (g) self-confidence, and (h) socia-
bility. The test has between 18 and 33 “yes/no” items for each subtrait
(218 items in total). Overall personality scores are the sum of all “yes”
responses (or “no” responses for reverse-coded items). Only the overall
scores were disclosed by the FDF. The measures were standardized year-
wise. The Cronbach’s alphas for the subtraits range from 0.6 to 0.9
(average = 0.75; see Jokela et al., 2017; Palomaki et al., 2021). Jokela
et al. (2017) established the convergent validity between the FDF per-
sonality test and the Five Factor Model of personality (FFM): Most of the
FDF traits were related to Conscientiousness and Extraversion.
Following Palomaki et al. (2021), we used principal component analysis
(PCA) to form two constructs reflecting Conscientiousness (comprising
deliberation, achievement striving and dutifulness) and Extraversion
(comprising leadership motivation, activity-energy and sociability) in
the FFM.

2.5. Combined panel data set

All three datasets (betting, administrative registry, and IQ and per-
sonality trait data) were combined by Statistics Finland with individual
social security numbers encrypted. Combining the datasets yielded a
sample of 11,220 male individuals aged 36-54 who had also partici-
pated in online horse betting — that is, they had placed at least one bet
during the observation period (see Fig. 1). The IQ-, personality-, and
registry data were measured only once, while betting behavior is
repeatedly measured across the observation period (the data period
cover 364 days between 1.9.2015 and 31.8.2016).

2.6. Variables and statistical analyses

Since there are multiple observations from a single individual’s
betting behavior, we used random effects regressions with clustered
standard errors (Cameron & Trivedi, 2005). Our predictor variables
were a) a dummy-coded variable winner indexing whether the bettor had
won on their previous betting day, that is, came out ahead overall by the
end of the betting day (1 = won on previous betting day, 0 = did not win
on previous betting day), b) measures of 1Q, Extraversion and Consci-
entiousness, c) the two-way interactions between the dummy-coded
winner variable and the three measures of 1Q, Extraversion and Consci-
entiousness. The dependent variables were a) the amount wagered on a
given day (in euros; daily bet), and b) the time (in days) it took for bettors
to return betting after their previous betting session (days between ses-
sions, DBS). We use the following random effects model for an unbal-
anced panel:

In(DV),, =a; + Dgain,, 4 IQ; + Conscientiousness; + Extraversion;
+1Q; x Dgain;, + Dgain;, x Conscientiousness; + Dgain o
x Extraversion; + IndividualControls; + DayControls,

+ MonthControls, + ¢;,, i=1..N, t=1..T

where @; = a +v; and v; is an individual random variable. Thus, a; +¢;; is
treated as an error term including two components: an individual-fixed
component, @;, which does not vary over time, and an error term, &,
which accounts for other unobserved factors affecting the dependent
variable and is assumed to be uncorrelated over time. The indicesiand t
represent individuals and days, respectively. The day and month con-
trols are, respectively, day of the week and calendar month dummy
variables.
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(A) Data from the Finnish Defence Forces on 1Q, Conscientiousness

) . and Extraversion, (measured between 1982 and 2000), n = 471,984

\ (B) Online day-to-day 2015-2016 individual level horse betting data
| from Fintoto Ltd (currently Veikkaus Ltd), n = 47,234

Final N = 11,220 (all males®), age = 36-54

Note. Diagram visualization of the data sources used. *Military service is mandatory only for males.

Of the betting account holders, 75.2% were male.

Fig. 1. Diagram of data sources.

2.7. Transparency and Openness

We report how we determined our sample size, all data exclusions,
and all measures in the study. There were no experimental manipula-
tions. This study’s design and its analysis were not pre-registered. The
materials for this study are not available due to legal constraints.

3. Results
3.1. Descriptive statistics

There were 11,220 bettors in total, whose average betting volume
per day was 47.8 euros (SD = 280.9) and the median was 18.7 euros. The
average betting volumes following winning and losing days were 71.75
(SD = 323.2,n = 7,339) and 48.17 (SD = 298.5, n = 9,772) euros, with
medians of 26.47 and 18.55 euros, respectively. Thus, as can be seen in
Table 1 and Fig. 2, average daily betting volume was significantly larger
on days that follow a winning day, compared with days that followed a
losing day (and all days combined), which reflects the house money ef-
fect. Similarly, the average numbers of days between sessions following
winning and losing days were 6.18 (SD = 16.65, n = 7,339) and 18.12
(SD = 32.81, n = 9,772), with medians of 1.93 and 6.88, respectively,
while the total average was 13.38 (SD = 6.07) and the median was 6.97
(see Table 1 and Fig. 2).!

3.2. Regression modelling

Table 2 presents regression coefficients and other model statistics for
two models with daily bet and days between sessions (DBS) as the
dependent variables. If the bettor had won on their previous betting day
(dichotomous measure), their amount wagered on the following day
increased (B = 0.373, SE = 0.006, p < 0.001), corresponding to a pro-
portional increase of 45.2 % for the average bettor. There was a similar
effect for DBS: having won on the previous day decreased the number of

! The numbers 9772 and 7339 do not refer to the total number of losing and
winning days, respectively, across all individuals. Rather, they are the numbers
of individuals who were counted towards the means of each variable. For
example, for "daily bet after win", the mean is 71.79 based on 7339 individuals
with at least one winning session across the year. Across all individuals and all
betting days, 84 % days were losing days, and 14.5 % were winning (the
remaining 1.5 % being first days, thus reference points).

days it took for bettors to return playing (B = —0.178, SE = 0.003, p <
0.001), corresponding to a proportional decrease of 16.3 % for the
average bettor. Together, these results reflect the house money effect,
providing positive evidence for RQ 1 (“Can we observe the house money
effect in a naturalistic betting environment over many repeated betting
days?”).

For daily bet, there were significant interaction effects between the
dichotomous winner variable and IQ as well as the personality variables
(IQ interaction: B = —0.039, SE = 0.007, p < 0.001; Conscientiousness
interaction: B = —0.038, SE = 0.008, p < 0.001; Extraversion interac-
tion: B = 0.041, SE = 0.008, p < 0.001). Thus, a one SD increase in IQ
was associated with a 3.9 % decrease, a one SD increase in conscien-
tiousness was associated with a 3.8 % decrease, and a one SD increase in
extraversion was associated with a 4.3 % increase in the strength of the
statistical effect of winner on daily bet sizes. There were similar signifi-
cant interactions with DBS as the dependent variable (IQ interaction: B
= 0.0238, SE = 0.003, p < 0.001; Conscientiousness interaction: B =
0.008, SE = 0.003, p < 0.05; Extraversion interaction: B = —0.0141, SE
=0.003, p < 0.001). Thus, a one SD increase in IQ was associated with a
2.4 % increase, a one SD increase in conscientiousness was associated
with a 0.8 % increase, and a one SD increase in extraversion was asso-
ciated with a 1.4 % decrease in the strength of the statistical effect of
winner on DBS. To sum, the effect of winner on both daily bet and DBS,
that is, the house money effect, was stronger for individuals with lower
1Q, low conscientiousness, and high extraversion scores (see table 2 and
figure 3 for a visualization of marginal effects). This provided positive
evidence for RQ 2 (“Do individual differences in IQ or personality traits
moderate the possible biasing effects of prior gains?”).

The main effects of IQ, conscientiousness and extraversion were also
statistically significant (except the effect of extraversion with DBS as the
dependent variable). These effects have, however, been previously re-
ported and discussed in a separate article (Palomaki et al., 2021) and are
thus not focused on here.

Fig. 3 depicts the estimated marginal effects of winning on the pre-
vious day on daily bet sizes (left-hand side) and days between sessions
(right-hand side) across the value ranges of Extraversion, Conscien-
tiousness, and IQ, while other covariates are held constant at their
means. For individuals with low or high IQ scores (2 SDs below or above
the mean), daily bet sizes were 57.9 % or 34.8 % higher, respectively,
after winning days than non-winning days. In monetary terms, after a
winning day, individuals with low or high IQ had daily bet sizes of
€75.49 (i.e., €47.81 x 1.579) or €64.44 (i.e., €47.81€ x 1.348),
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Table 1
Descriptive statistics (N = 11220).
N Mean Median SD pl plo p25 p75 P99

Daily bet all 11,220 47.81 18.70 280.91 0.90 1.00 8.94 39.03 415.72
Daily bet after win 7,339 71.76 26.48 323.21 1.20 5.40 11.56 60.00 686.25
Daily bet after loss 9,772 48.17 18.56 298.60 1.00 4.25 11.56 39.33 427.03
Days between sessions (DBS) 9,880 13.38 6.07 19.15 1.00 1.42 2.50 15.98 95.33
DBS after win 7,339 6.18 1.93 16.65 1.00 1.00 1.09 4.46 81.67
DBS after loss 9,772 18.12 6.88 32.81 1.00 1.48 2.68 18.50 169.00
Game types played 11,220 1.96 1.8 0.851 1 1 1.316 2.371 4.798
Days played 11,220 59.13 17 83.565 1 1 4 81 337

Note. pl — p99 refer to data percentiles. The Ns for “Daily bet all” and “Days between sessions” also include the participants who only placed one bet during the

observation period, and for whom there are thus no repeated measurements.

Daily bet (€)

Days between sessions

401

1001

20

N

-
After loss After win

After loss

After win

Note. Outliers are removed for clarity, please refer to Table 1. Blue dots represent mean values.

Fig. 2. Boxplot of raw data for Daily bet (in euros) and Days between sessions.

respectively (with average bet sizes after all betting days being €47.81).
For Conscientiousness the results were very similar: individuals with low
or high Conscientiousness scores (—/+ 2 SDs) had 55.4 % or 33.1 %
higher daily bet sizes, respectively, after winning days than non-winning
days — corresponding to daily bet sizes of €74.29 (low Conscientious-
ness) and €63.63 (high Conscientiousness) following winning days. For
Extraversion, however, the results were the opposite: individuals with
low or high Extraversion scores (—/+ 2 SDs) had 33.5 % or 57.8 %
higher daily bet sizes, respectively, after winning days than non-winning
days, which correspond to daily bet sizes of €63.82 (low Extraversion)
and €75.42 (high Extraversion) following winning days.

In the models, for low IQ (—2 SDs) bettors, winning on the previous
day was observed to reduce the number of days between betting sessions
from 13.38 days to 10.67 days, corresponding to a 20.3 % decrease. For
high IQ (+2 SDs) bettors the number of days between sessions was
observed to be 11.73 (a 12.3 % decrease) after a winning day. Bettors
with low or high Conscientiousness scores (—/+ 2 SDs) were observed to
return to betting in 11.06 (a 17.3 % decrease) or 11.45 (a 14.5 %
decrease) days, respectively, after a winning day. Finally, bettors with
low or high Extraversion scores (—/+ 2 SDs) were observed to return to
betting in 11.55 (a 13.6 % decrease) or 10.92 (a 18.4 % decrease) days,
respectively, after a winning day.

3.3. Additional analyses

As a robustness check, we fit additional models without including the
IQ and personality variables. This allowed for including also biological
sex in the analysis, and a significantly larger sample size due to the in-
clusion of females and males for whom there is no IQ and personality
data, but who have played on the gambling operator’s site (Daily bet N =
45,090; Days between sessions N = 39,275). The main results for the
house money effect remained by and large the same (Daily bet: Byinner =
0.357, p < 0.001; Days between sessions: Byinner = -0.163, p < 0.001),
demonstrating the robustness of the findings (see the Supplementary
Materials, tables S3-S5). We also performed our analyses using fixed
(instead of random) effects modelling, since some unobserved effects of,
for example, betting skill or risk aversion may have correlated with
other independent variables. Additionally, we fit a model controlling for
individuals’ betting gametype categories based on their takeout rates,
which to some extent reflect the “riskiness” of betting (the difficulty of
the game increases with increasing takeout rates; see the Supplementary
Materials tables S6-S7). The results largely mirrored our main findings:
the random- and fixed effects models produced estimates of 0.373 and
0.364 (DV: Daily bet), and of —0.178 and —0.173 (DV: Days between
sessions) for the “winner” dummy variable, respectively.

In our main analyses, decisions were compared against the baseline
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Regression coefficients for two models (DV 1: Daily bet, DV 2: Days between sessions, both DVs log-transformed).

Dependent variable

In(Daily bet) (SE) In(Days between sessions) (SE)

Focus variables

Winner (0 = did not win, 1 = won)
1Q (standardized)
Conscientiousness

Extraversion

Winner * IQ

Winner * Conscientiousness
Winner * Extraversion

+ Several control variables (see the Supplementary Materials table S2 for details)
Intercept

R? within, between, overall

Wald Chi? test (p-value)

Number of individual bettors

Number of observations

0.373""" (0.00687)
0.131""" (0.0136)
—0.0956""" (0.0147)
0.119"" (0.0148)
—0.0396""" (0.00719)
—0.0387""" (0.00800)
0.0418""" (0.00835)

-0.178""" (0.00304)
—0.0337"" (0.0107)
0.0268* (0.0118)
0.0150 (0.0116)
0.0238""" (0.00339)
0.00844* (0.00361)
—0.0141""" (0.00349)

2.228" (0.177)
0.0491, 0.0465, 0.0541
8,620.07 (<.001)
11,220

663,439

2.208"" (0.123)
0.0385, 0.0444, 0.0375
6,655.45 (<.001)
9,880

652,219

Note. Standard errors in parentheses. *** p < 0.001; ** p < 0.01; * p < 0.05.

of “not winning”. For a more transparent baseline, we included also a
dummy variable for “losses” as a predictor. The results showed that
having lost on the previous betting day decreased daily bet sizes and
increased the number of days between sessions (see tables S8 and S9 for
details). To evaluate whether the size of previous winnings affects sub-
sequent betting behavior, we included a continuous variable for the
previous day’s gains in the model, the slope of which was not statisti-
cally significant (see table S10 for details). This suggests that merely
having won on the previous day, not the size of the winnings, has a
stronger effect on subsequent betting behavior. Finally, we also exam-
ined potential nonlinear effects by including squared terms for IQ,
Conscientiousness, and Extraversion in the models (see table S11).
However, these analyses did not reveal any substantial nonlinear effects
that would affect the interpretation of the results.

4. Discussion

In this study, we evaluated individual differences in a well-known
bias in financial decision-making called the house money effect. We
combined longitudinal data on online horse race betting with large
datasets on IQ, personality traits, as well as various demographic
background variables collected from the registries of the Finnish
Defence Forces and Statistics Finland. We operationalized the house
money effect as the influence of prior gains on subsequent betting
behavior, namely, daily bet amounts and time (days) between playing
sessions. We found evidence for the house money effect, and that it was
moderated by IQ, conscientiousness, and extraversion: Individuals with
lower IQ, higher extraversion, and lower conscientiousness were more
susceptible to the bias. Our finding of bettors exhibiting behavior
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Fig. 3. Marginal effects from statistical interactions with Daily bet and Days between sessions as the dependent variables (DVs).

(=)}



J. Palomaki et al.

consistent with the house money effect between betting days extends
those reported by Suhonen and Saastamoinen (2018) who documented
the house money effect in a single race meeting.

Extraversion has traditionally been associated with sociability, but
more recently also with reward processing (Smillie, 2013; Smillie et al.,
2019). Conscientiousness and higher IQ have, in turn, been associated
with goal prioritization and executive control, reduced impulsivity,
increased self-control, and diligent financial management (Bagby et al.,
2007; Chen et al., 2019; Fleming et al., 2016; MacLaren et al., 2011;
Rueter et al., 2018). Our results are in line with Ahmad (2020) and
Durant et al. (2019) who found links between extraversion and
increased susceptibility to cognitive biases; as well as Hackinger (2016)
and Grinblatt et al. (2011) showing that high IQ is associated with
reduced bias susceptibility. Extraversion may be reflected in a bias to-
wards optimisms and overconfidence, which, in turn, results in over-
reacting to previous monetary gains (Ahmad, 2020). Being optimistic,
overconfident and reward seeking in a betting environment may lead to
an inflated belief of one’s chances of winning in the future, especially
when combined with low IQ and low impulse control, which is in line
with our current findings. Our results also align with the reward pro-
cessing framework of extraversion (Smillie, 2013), as well as the recent
findings showing that extraversion is associated with increased betting
propensity (Palomaki et al., 2021).

Our findings suggest that conscientiousness is much like IQ in that
high scores in both traits are strongly associated with a diminished
house money effect. Both traits, to some extent, reflect effortful control,
proficient psychosocial functioning, and affective regulation. It is
notable that despite this conceptual overlap, and after controlling for the
effects of IQ, conscientiousness still had a significant effect in our
models. Conscientious individuals are known to refrain from gambling,
tend to diligently manage their finances, and take fewer financial risks in
general (Kausel et al., 2016; Letkiewicz & Fox, 2014; Oehler & Wedlich,
2018), which may partly explain why their betting behavior was less
affected by the previous dynamics of wins and losses.

People in general tend to experience potential losses as emotionally
more severe than equivalent gains (Kahneman & Tversky, 1979). The
mental accounting view of the house money effect suggests that
mentally segregating funds into one’s “personal” money and the “house”
money may alleviate general emotional aversion towards losses (Thaler
& Johnson, 1990). Moreover, loss-aversion has also been shown to be
more pronounced for those with high conscientiousness (Boyce et al.,
2016), but less pronounced for those with high extraversion (Durand
et al., 2019). In terms of our current findings, reduced loss-aversion in
the house money effect may be countered by trait conscientiousness and
exacerbated by trait extraversion. It is also possible that, in our study,
the similar moderating influence of IQ and conscientiousness on the
house money effect was due to different underlying reasons. In a meta-
analysis, cognitive ability was found to be linked with decreased risk
aversion in the domain of gains (Lilleholt, 2019). Thus, the similar
moderating effects of IQ and conscientiousness in our current study
could indicate that high IQ is associated with a general reduced bias
susceptibility, while high conscientiousness mitigates the house money
effect via increased loss aversion. However, more work is needed to
further explore this possibility.

4.1. Limitations, future work, and conclusions

While personality traits and IQ are quite stable across time, our re-
sults may nonetheless be diluted by the time gap (of 16 to 35 years)
between the trait- and behavioral (betting) measurements. However,
having observed any significant effects after such a time gap shows that
trait measures like IQ, conscientiousness and extraversion are highly
robust constructs with discernible effects on real life behavior. Our re-
sults on the interaction between the trait variables and the dichotomous
winner variable (i.e., the house money effect) generalize only to males of
a relatively narrow age range (36-54), although the house money effect
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itself was robust after including both sexess in the analysis (see the
Supplementary Materials) — implying some level of human universality.

Meta-analytic evidence shows typical effect sizes in psychological
science are relatively modest (Gignac & Szodorai, 2016; Richard et al.,
2003). While the effects sizes in our current study are not large by
conventional standards, small effects can have significant consequences
in cumulative decision-making environments (Palomaki et al., 2020).
Moreover, Kiihberger (2014) showed that effect sizes and sample sizes in
psychological studies were strongly negatively correlated (r = — 0.45),
which may indicate that large sample sizes yield results closer to the
truth.

Most people make financial decisions daily, and many of these de-
cisions involve a chance of gain or loss. This is evident specifically in
investing or gambling, and consequently the house money effect has
been almost exclusively studied in the context of decisions that involve
monetary payoffs. However, the effect, and its moderators, may also be
relevant in decision-making more generally. Future work could draw
insights from studies of consumer behavior, particularly post-purchase
behavior, where emotional states such as delight, satisfaction, or
dissatisfaction increase complementing or complaining (Santos & Boote,
2003). Few studies have, however, investigated how psychological traits
moderate these effects. While there is a difference between being
“satisfied” or “delighted” in one’s purchase decision, and winning
money after making a bet, a good purchase decision may nonetheless
feel like a “win”. The house money effect may thus be analogous to post-
purchase behavior when the purchase is considered particularly suc-
cessful and satisfying.

Moreover, given that we evaluated betting behavior only within a
constrained domain, horse-betting, our results may not generalize across
decision-making domains and should thus be interpreted with caution.
While our results are in line with previous research, there is no single
existing framework that clearly stands out as the “best explanation” to
our findings. Earlier work (Heath & Tversky, 1991) suggests that
perceived competence reduces ambiguity aversion, and in our data,
winning may have made bettors feel more competent and thus increased
their willingness to continue betting. It is also possible that individuals
with high IQ are not merely less affected by the house money effect, but
also differently affected, whereby a previous day’s win shift their pref-
erence towards more complex games. Overall, the effect of monetary
wins (as well as losses) on subsequent behavior warrants further work to
better understand their relevance to cognitive biases.

In conclusion, our results shed light on the statistical relevance of
well-known psychometric traits as moderators of decision-making in a
real-life environment. Personality traits and IQ, despite being measured
a significant time ago, are robust tools in describing and modelling
human behavior. Our work also highlights the benefits of using “natu-
rally occurring laboratories” such as online betting in behavioral eco-
nomics and personality psychology.

Data availability

Due to the Finnish law on personal privacy, the data cannot be made
publicly available. The reasons for this are: i) the administrative registry
data set from Statistics Finland contains sensitive information on adult
Finnish citizens, ii) the IQ data set from the Finnish Defence Forces in-
cludes cognitive ability test scores for most of the male population and
iii) the betting data set from Veikkaus Ltd. contains sensitive informa-
tion on individuals’ gambling habits. For these reasons access to the data
sets is restricted. Eligible researchers must apply for a permit from the
owner of the data set. All estimations and data handling must be carried
out at a secure server of Statistics Finland, which can only be accessed in
Finland. It should also be noted that Statistics Finland reviews all output
before it hands it over to researchers.

The authors of this study are willing to send all codes used to derive
their results for a review. To replicate the results, however, there are
three options. First, a researcher who wishes to replicate our results may
send us the codes. We will make estimations and send the results back to
the researcher. Second, a party wishing to replicate our results contacts
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Statistics Finland and provides them with the codes. The staff at Sta-
tistics Finland will carry out estimations and after reviewing the results
submits them to the party. Third, a researcher may come to Finland and
apply for the permits to use the data sets. The researcher can visit the
Finnish authors’ institution in which the data access will be set up for
him or her and replications can be carried out.
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