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Abstract

Encouraging sustainable use of limited natural, social, and economic resources requires
understanding the variety of ways in which people think about how resources work and how
they adjust their behaviour (or not) as available resources fluctuate. Previous investigations
which have focused on understanding how individuals navigate erodible resources, have
tended to use group-based, common pool games. However, such social games make it
difficult to disentangle whether resource erosion is linked to difficulty navigating the
dynamics of the resource or caused by social factors. Here, in two experiments, we recruited
781 participants to play a single-player resource management game in which individuals were
invited to harvest monetary rewards from a fully depletable but stochastically replenishing
resource over time. We find that the ability to sustain a resource over successive harvesting
opportunities (in order to maximise the total harvested rewards) is reliably worse in
individuals reporting elevated psychological distress, the often co-occurring hazardous
alcohol use, and elevated rates of delay discounting. The associations between resource
outcomes, harmful alcohol use, and psychological distress remained substantial even once we
had controlled for elevated discounting rates (as a form of impulsivity and a strong risk factor
for these health challenges). By contrast, individuals who reported higher levels of financial
literacy and general well-being achieved better resource outcomes. Our observations
demonstrate that the capacity to respond effectively to the dynamics of a resource are

compromised in individuals at risk of psychological and alcohol-related disorders.



Introduction

Identifying sustainable ways to use valuable but erodible resources is now an economic,
environmental and public health imperative for individuals, communities and governments
(Armstrong & Kamieniecki, 2019; Kanger et al., 2020; Macke & Genari, 2019).
Characterising the variation in behaviour and outcomes of behavioural economic 'take-some'
common-pool games (Balliet et al., 2009; Brewer & Kramer, 1986) can help us to understand
the different ways in which individuals engage with dynamic but depletable resources and

contribute to the development of effective interventions and policy across communities.

Surveying the literature, an extensive evidence-base indicates that behaviour and resource
failures in common-pool games can involve the cumulative impacts of individuals' attitudes,
cognitions, affect, and behavioural biases (Van Lange et al., 2013). Careful harvesting
behaviours can reflect individuals' pro-social attitudes (Balliet et al., 2009; Bogaert et al.,
2008; Kramer et al., 1986), environmental attitudes (Sussman et al., 2016), emotional
reactivity to environmental concerns (Tarditi et al., 2018), intrinsic values and motivations
(Han et al., 2018), and risk-aversion (Chermak & Krause, 2002). More broadly, there are
mixed findings of differing harvesting behaviours in males compared with females, but more
consistent evidence of smaller harvests (in order to sustain resources) in older compared with
younger individuals (Chermak & Krause, 2002; Tisserand et al., 2022). Lastly, groups
consisting of higher average cognitive ability (as 'Spearman's g') and stronger appreciation of
other peoples' mental states (as "Theory of Mind') tend to sustain resources for longer and (in

the former case) maximise totals harvested (Freeman et al., 2020).

While these experiments suggest that sustainable behaviour and outcomes of common-pool

games are moderated by individual characteristics, interpreting their findings is challenging.



Behaviour in common-pool games reflects the integration of at least two sets of socio-
cognitive processes: (i) individuals' understanding and responses to the social aspects of
managing a resource in a group (e.g. attributions of partners' motivations, affective reactions
to partner behaviours, and predicted harvests) and (ii) learning about the dynamics of a
resource itself and the other externalities that contribute to its fluctuating value against
harvesting demands. Of course, these processes are not independent but inter-relate in
complex ways; for example, subtle and diffuse social framing effects operate across single-
player games and both formal experimental and commercial game settings (Bernold et al.,

2015; Ellingsen et al., 2012; Stenros et al., 2009).

Nonetheless, navigating the dynamics of the resource is also non-trivial. Even in common-
pool games, individuals often need to diagnose the properties of the resource over time (e.g.
they are often not given the replenishment rate of the resource and must estimate this through
trial and error). So, behaviour may be conditioned by an individual’s understanding of the
resource, their estimate of the likely resource replenishment rate, or how steeply they
discount the value of future benefits afforded by a still-viable resource (Hendrickx et al.,
2001). Thus, investigations with single-player games offer opportunities to observe how
individual characteristics moderate responses to resource dynamics, while removing the most

overt social challenges inherent in multi-player games.

A relatively small number of studies have removed the social aspects of common pool games
and tested whether individuals struggle to navigate resource dynamics in isolation. The
outcomes in single-player resource games, like those of common-pool games, tend to be
heterogenous (Hey et al., 2009; Messick & McClelland, 1983; Schnier & Anderson, 2006).

Operating by themselves, some struggle to sustain resources, eroding or exhausting them



prematurely. This is true even for individuals with expertise in resource dynamics, such as
experienced fishers and policy makers (Moxnes, 1998, 2000). It is also the case irrespective
of whether resources are framed as natural in kind, such as fish stocks (Brechner, 1977,
Knapp & Clark, 1991; Moxnes, 1998; Tice et al., 2001) and grazing land (Moxnes, 2000,
2004) or as abstract pools of nominal rewards (Messick & McClelland, 1983). Individuals
can also struggle to sustain resources when replenishment rates reflect biologically-informed
contingencies (Moxnes, 1998, 2000) or simpler stochastic percentages (Knapp & Clark,
1991; Messick & McClelland, 1983; Moxnes, 2004). Further, single-player resource
management outcomes are varied in both children (Koomen & Herrmann, 2018a) and
chimpanzees (Koomen & Herrmann, 2018b) — although children and chimpanzees perform

better in isolation compared to group-based settings.

Despite the fact that some individuals struggle to navigate resource dynamics in a single-
player game, there is little work which has tried to understand the individual characteristics
associated with (un)sustainable behaviour in a single-player setting. However, we believe that
improving our understanding of the individual characteristics associated with outcomes in
single-player resource games is an important precursor to understanding the difficulties faced
when individuals are placed in more complex, social resource management contexts, such as
common pool games. As noted above, since common pool settings have inter-related
underlying socio-cognitive processes, using single-player games can help us better isolate and
investigate how individuals navigate resource dynamics. Future work on group-based
resource maintenance can then amalgamate the causes underlying variation in individual

resource management behaviours with the social dynamics of multi-partner interactions.



In these experiments, we begin the process of investigating how individual characteristics
relate to resource outcomes in a single-player game. Specifically, we evaluate whether
adverse health experiences and their risk factors are associated with resource outcomes. We
test whether resource outcomes vary by validated measures of psychological distress (as
depressive and somatic symptoms; Goldberg et al., 1997), hazardous alcohol use (Reinert &
Allen, 2002; Saunders, Aasland, Amundsen, et al., 1993), and delay discounting (Koffarnus

& Bickel, 2014).

There are three reasons why we expect poor sustainable behaviour to be linked to
psychological distress, harmful alcohol use, and delay discounting rates. First, at an
observational level, social and economic hardships are associated with high rates of
depression, anxiety, and alcohol misuse (Adda et al., 2009; Bellis et al., 2016; Marmot, 1999)
as well as other risky, unhealthy behaviours (Haushofer & Fehr, 2014; Huckle et al., 2010;
Makela, 1999; Sze et al., 2017). In turn, the impacts of these experiences — for example,
prolonged stress — can undermine the effective use of financial, social and clinical resources
necessary for the development of resilience and/or protection against relapse (Adinoff et al.,
2016; Haushofer & Fehr, 2014; Richardson et al., 2017). Thus, we hypothesize that the
resource outcomes of affected individuals playing a single-player game will mirror their lived
experiences of resource management and be demonstrably poorer as a function of self-

reported depressive symptoms and hazardous alcohol use.

Alongside this, a large evidence-base indicates that depression, anxiety, and alcohol misuse
are associated with difficulties in reward-based ('reinforcement') learning and decision-
making under conditions of uncertainty (Bishop & Gagne, 2018; Gray & MacKillop, 2015;

Hagiwara et al., 2022). This suggests that resource management in single-player games,



mediated by these same cognitive functions, will be altered in individuals reporting these
heath challenges. So far as we are aware, however, the only relevant evidence in the context
of single-player games are two demonstrations of poor resource outcomes following transient
reductions in mood in samples of broadly healthy adults (Knapp & Clark, 1991; Tice et al.,
2001). At the current time, there are no published tests of how the resource outcomes in
single-player games vary by validated measures of self-reported psychological distress,

alcohol use or well-being. Here, we test these associations directly.

Finally, at a theoretical level, other data demonstrate that behavioural responses to social
dilemmas — for example, in common-pool games — can reflect 'temporal traps' where
individuals may struggle to consider the importance of preserving resources for the longer
term (Mannix, 1991). More broadly, however, steeper delay discounting rates (as individuals'
tendency to devalue rewards over increasing time intervals to their delivery: Ainslie, 1975;
Odum, 2011; Petry, 2001; Story et al., 2014) can be associated with diminished appraisals of
the seriousness of human-instigated environmental change (Farias et al., 2021) and fewer
self-reported pro-environmental behaviours (Sahraeian et al., 2021). As such, variability of
delay discounting is a central aspect of how we measure and understand poor resource

management behaviour (Hirsh et al., 2015).

Convergently, steeper discounting rates are also a well-attested risk factor for a number of
psychological disorders linked to problematic patterns of consumption, including alcohol use
disorders (Case et al., 2019) and co-occurring: depression, somatic symptoms, and social
withdrawal (Ahlin et al., 2015; Fields et al., 2014; Levitt et al., 2023). So, good resource
outcomes in single-player games are likely to reflect individuals' tolerance of delays to the

larger rewards (offered by sustained resources) while poor outcomes are likely to reflect, at



least sometimes, early aggressive harvesting mediated by higher rather than lower delay
discounting rates (Odum, 2011; Petry, 2001; Story et al., 2014). Thus, examining the
variability in the resource outcomes of individuals reporting harmful alcohol use, stress, and
depression may offer a fresh perspective on how elevated delay discounting (which is
associated with changes in other cognitive and affective processes) operate to promote
maladaptive resource management behaviour in vulnerable populations. Our experiments

offer the first test of these possibilities.

Here, in two separate experiments, we sought to characterise the varying behaviours and
outcomes of a single-player resource management game in which individuals were invited to
harvest monetary rewards from a fully depletable but replenishing resource over time.
Overharvesting behaviours tended to diminish the resource, limiting future opportunities to
gather rewards; while more moderate harvesting sustained the resource, preserving
opportunities to gather more rewards for longer (Messick & McClelland, 1983). In
Experiment 1 (N = 400), we tested the hypothesis that resource outcomes are poorer for
individuals reporting higher levels of psychological distress (and accompanying somatic
symptoms), higher delay discounting, lower well-being, and stronger patterns of hazardous
drinking. We also sought to identify other factors that might improve the management of
resources and so we tested whether resource outcomes are positively associated with the life-
skill of financial literacy. In Experiment 2 (N=381), we sought to replicate part of Experiment
1, and tested whether high delay discounting and strong patterns of alcohol use were

associated with poor resource outcomes.



Experiment 1

We sought to better understand the relationship between the resource outcomes in a single-
player resource management game and (i) psychological distress — using the 12-item General
Health Questionnaire (GHQ-12: Goldberg et al., 1997; Hankins, 2008); (ii) hazardous alcohol
use — measured by the 10-item Alcohol Use Disorders Identification Test (AUDIT: Saunders,
Aasland, Amundsen, et al., 1993); (iii) delay discounting rates — using the 5-item EDso
elicitation (Koffarnus & Bickel, 2014); (iv) financial literacy — using 9 Organisation for
Economic Co-operation and Development (OECD) survey items (Conkova, 2014) and; (v)
general well-being — measured by the 5-item World Health Organisation (WHO-5) scale

(Topp et al., 2015).

Method
Participants

Ethical approval for the protocol was given by the Bangor University School of Psychology

Research Ethics Committee. Four-hundred participants took part, recruited from the online

participant pool, Amazon Mechanical Turk (MTurk: http://mturk.com). The sample consisted
of 178 females, 221 males, and 1 non-binary with a mean age of 34.4+10.2 (SD). The survey
questions were hosted on the Qualtrics platform and participants completed the survey
through their web-browser. The experiment was only made available to MTurk workers
based in the United States of America with at least a 95% approval rating from previous

studies. No participant was excluded.


http://mturk.com/
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Participants were told they would earn a minimum base pay of $1.50 for completing a 15-20
minute online survey, with a chance to earn a bonus payment of up to a value of $3, based on
how well they performed in a resource game. Potential payments of $13/hour is generous
compared to the average MTurk compensation (Hara et al., 2018), so we believed this would
provide sufficient motivation. Of note, after the experiment, we calculated that participants
earned an average bonus of $0.87+$.61(SD), on top of their base pay (bonus payments
ranged from $0.30 - $2.47). Using the time it took for each participant to complete the

protocol, the average rate of pay was $8.00+$3.42 per hour.

Materials

Resource Management Game:

At the beginning of the protocol, participants played the resource management game. When
the game began, participants saw a pool or 'resource' of 60 rewards — its maximum value —
and were told they could earn bonus money based on the number of rewards they harvested.
This bonus was capped at $3, and participants were not told the value of each harvested
reward ($0.005) until after the game finished. Each harvesting opportunity, or 'round', was
broken into three phases (see Figure 1). First, participants selected how many rewards they
wished to harvest from the resource. They could harvest any amount. Second, the value of the
harvest was subtracted from the resource and added to the participant's (unseen) total
accumulated rewards. Finally, the remaining pool was replenished by a hidden replenishment

function.

Behavioural models of resource management have tended to use one of two replenishment

functions: (i) Gaussian (bell-shaped) functions where the optimal behaviour is to harvest half
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Participant selects a harvest Harvest is taken Resource replenishes and
and participant waits for 2 secs a new round begins

How many points will you take? How many points will you take?

Figure 1 Flow chart of a round of play during the single-player resource management game.
Left: First, participants see a resource with 60 points and may take any number of points.
Middle: the points are then removed, and the participant waits for two seconds. Right:
Finally, the resource replenishes, and the next harvesting phase begins.

the resource (Knapp & Clark, 1991; Moxnes, 2000) or (ii) stochastic percentages of the
remaining resource (Brechner, 1977; Messick & McClelland, 1983), truncating the
replenished value if it grows the resource beyond a maximum bound. Here, we reasoned that
a simple bell-curve replenishment function (that offers a 100% replenishment rate for
harvests of half the resource) might not be sufficiently challenging to differentiate
participants' performance in our game. We wanted to evaluate behaviour on a resource that
was sufficiently vulnerable to overharvesting. Therefore, we opted for a stochastic
mechanism that, following each harvest, drew replenishment values from a Gaussian
distribution (pn = 15%; o = 3%). Since these replenishments were based upon the value of the
remaining resource, participants could maximise their total rewards gathered by making
modest (rather than aggressive) harvests (please see below for a more detailed discussion of

optimal harvesting behaviour).

The game ended when participants exhausted the resource completely or after 70 rounds.
Participants were not told the replenishment rate or the maximum number of rounds. To

succeed, participants had to try to estimate the replenishment rate on the basis of exploring
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the impacts of harvesting behaviours on the available resource, all the while paying long-term
costs if they harvested too much (e.g. it might also take several rounds of not harvesting or

minimal harvesting to restore the resource once it is severely depleted).

Before starting the game, participants were told that there that if they depleted the resource
quickly, they would have to wait up to 5 minutes before proceeding with the rest of the
protocol. Unbeknownst to participants, if they exhausted the resource completely before
round 50, they had to wait 6s for every round remaining between the round the resource
depleted to zero and round 50 (so, for example, if they depleted the resource at round 10, they
would have to wait 4 minutes before proceeding; 40*6 = 240 seconds). In such an instance,
the participant was shown a timer which counted down to zero, and the ‘Next’ button was
disabled until the counter reached zero (please see Supplemental Material A for more details).
This arrangement was adapted from previous experiments with delay discounting elicitations
(Sonuga-Barke et al., 1992) to mitigate the impacts of participants' general delay aversion and
moderate the relative value of 'opportunity costs' to do other things once participants had
completed the game. In other work, we have demonstrated that this incentivizing mechanism
increases engagement when playing the resource management game, since it was in the

participants' best interest to learn to maintain the resource (Rauwolf & Rogers, under review).

Optimal harvesting behaviour: Importantly, the game was created such that optimal play

involves sustaining the resource at a high level. The optimal policy was calculated by framing
the resource management game as a Markov Decision Process (Bellman, 1957; Sutton &
Barto, 2018). Dynamic programming was then used to evaluate the best harvesting action to
take at each possible value of the resource (please see Supplemental Material B for an in-

depth discussion of the process) (Bellman, 2010; Puterman, 1994). In this case, the optimal
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strategy is to harvest zero if the resource has a value of 51 or less. If the resource has a value
above 51, the optimal harvesting behaviour is to harvest the resource down to a value of 51.
Given that the resource replenishes more points when the resource has a larger value, but also
cannot grow above 60, aiming for a resource value of 51 strikes the perfect balance between
harvesting as many points as possible while still allowing the resource to replenish close to its
maximum level each round. Such a sustainable strategy maximizes the long-term earnings of

a player.

Psychometric measures

Following the game, participants completed a subset of the following self-assessments: (1)
GHQ-12: (Goldberg et al., 1997), (i1) AUDIT: (Reinert & Allen, 2002), (ii1) EDso: (Koffarnus
& Bickel, 2014), (iv) OECD financial literacy questionnaire - OECD: (Conkova, 2014) and

(v) WHO-5: (Hall et al., 2011; Topp et al., 2015).

Psychological Distress: The General Health Questionnaire (GHQ) was originally developed

to help identify psychological distress (Goldberg & Blackwell, 1970). We used the short-
form, twelve-item unidimensional version that captures psychiatric dysfunction in three
domains: social dysfunction, anxiety, and loss of confidence (Graetz, 1991; Hankins, 2008).

The measure is well-validated against longer versions of the GHQ (Goldberg et al., 1997).

Hazardous Alcohol Usage: The Alcohol Use Disorders Identification Test (AUDIT) was

developed as a 10-item screening questionnaire to assess harmful alcohol usage (Saunders,
Aasland, Babor, et al., 1993). It has been widely used in community and clinical samples and

shows good construct and criterion validity (Reinert & Allen, 2002, 2007).
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Delay Discounting: Delay discounting is the tendency to devalue rewards (i.e. discount them)

the longer one has to wait for the delivery. High delay discounting (i.e. the tendency to
devalue rewards steeply as a function of time) is associated with several health risk-factors
and adverse health experiences (Story et al., 2014). These include hazardous patterns of
alcohol use (Petry, 2001), substance misuse (Kirby et al., 1999), obesity and associated
metabolic disorders (Barlow et al., 2016), and gambling (Madden et al., 2011). The EDso
elicitation consists of 5 forced-choice items asking participants whether they prefer $500 now
or $1000 at some later delay. The EDso finds the delay (between 1 hour and 25 years) that

devalues a reward by 50% (Koffarnus & Bickel, 2014).

Financial Literacy: Financial literacy is identified by the International Network on Financial

Education (INFE) as ‘a combination of awareness, knowledge, skills, attitude and behaviour
necessary to make sound financial decisions and ultimately achieve individual financial well-
being’ (OECD, 2018). Financial literacy is known to correlate with financial well-being (Taft

et al., 2013). We used a short form of the OECD financial literacy survey (Conkova, 2014).

Well-being: The World Health Organization Five Well-Being Index (WHO-5) is a short-
report measure of subjective well-being. It has been shown to be a good screening tool for

depression (Topp et al., 2015) and correlate of subjective quality of life (Hall et al., 2011).

Procedure

Participants read a brief information page and provided informed consent (see Supplemental
Material A for full details and screen displays of the protocol). Next, participants completed a
couple of demographic questions (i.e. gender and age). Then, they completed a short

informational session on the resource management game. Following this, participants were
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asked three questions to demonstrate their understanding of the game. They were not able to
continue until they had answered these questions correctly, repeating the information session
until they demonstrated their understanding of how to play the game (see Supplemental
Material A). Participants then played the resource management game. Upon completion,
participants were asked a few questions about their strategy and how they felt after playing
the game (these questions were exploratory and not considered in the analysis — please see

Supplemental Material A for more details).

Next, participants completed various psychometric measures. Data collection was completed
in two waves. In the first wave, 200 participants completed the (i) EDso, (i) GHQ-12, (iii)
AUDIT, and (iv) WHO-5. In the second wave, 200 participants completed the elicitations for
(1) EDso and (i1) financial literacy. Finally, participants were informed of the bonus money
they had earned, debriefed, and told they would be paid shortly. All data can be found here:

https://osf.io/8b7av/?view_only=075259b34db4412cbf859562cf384eed

Results

Internal consistency of the questionnaire scores was generally excellent, with Cronbach's a’s
of: 0.87 (GHQ-12), 0.95 (AUDIT), and 0.92 (WHO-5). The one exception was the measure
of financial literacy, but this remained within acceptable ranges: a = 0.76. We considered two
outcome measures: (i) the number of rounds sustained with a positive resource value and (i)
the total rewards harvested. Figure 2(left) shows the proportion of participants still sustaining
the resource over 70 rounds of the single-player game. As expected, there was large variation
in outcomes across the sample. Whilst over 25% of participants completely depleted the

resource by round 10, 36% maintained the resource over all 70 rounds.


https://osf.io/8b7av/?view_only=075259b34db4412cbf859562cf384eed
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Figure 2 Left: Proportion of participants still playing after a given round. Right:
Relationship between rounds lasted and rewards earned for each participant.

Figure 2(right) illustrates the variation and heteroskedasticity in the total rewards collected
relative to the number of rounds lasted. While total rewards were strongly associated with the
number of rounds lasted (Spearman's Rank-Order: 7,(398)=0.88, p=2.2x10!¢), the Breusch-
Pagan test for heteroskedasticity showed that this association weakened among individuals
who sustained the resource for longer (Breusch-Pagan=153.76, p=2.2x107'%). So, among
participants who sustained the resource for the whole game, some collected almost 500
rewards, while others harvested as few as 125 rewards (which was less than some participants
who only lasted 15 rounds). This demonstrates that the total rewards gathered over the course
of the game can dissociate from the number of rounds sustained, and that there was large
variation in outcomes even amongst those who sustained the resource across all 70 rounds of
the game. Thus, while many participants were able to last the maximum number of rounds,

very few were able to approach the maximum number of rewards earned.
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Next, we tested whether this variation in resource outcomes could be explained by health
experiences. AUDIT scores indicated highly variable but overall borderline harmful alcohol
use (Mean: 9.8+10.1). Similarly, GHQ-12 scores and WHO-5 scores indicated threshold
psychological distress and moderate well-being (14.7£5.1 and 12.2+6.5, respectively). As
expected, delay discounting rates (calculated as log of k) showed significant variability (-
4.4+2.8), but financial literacy less so (34.3+5.8). The dataset did not meet several of the
assumptions for parametric analysis techniques (see Supplemental Material C for an in-depth
analysis and discussion). As such, we used two non-parametric techniques to evaluate
whether resource outcomes from the single-player game showed significant associations with

health experiences.

First, we evaluated the associations between each resource outcome and each psychometric
variable using Spearman’s rank correlation. Participants who reported more hazardous
alcohol use sustained the resource for fewer rounds (75(198)=-0.59, p=2.2x10"'%) and
harvested fewer rewards (75(198)=-0.56, p=2.2x107'%). Gignac and Szodorai (2016)
recommend that individual difference researchers refer to correlations of 0.1, 0.2, and 0.3 as
small, medium, and large, respectively. Therefore, since Spearman’s rank correlation () was
greater than .3, there was a large effect between hazardous alcohol use and the two resource

outcomes. For brevity, scatterplots of the data can be found in Supplemental Material D.

Participants who reported recent psychological distress (as GHQ-12 scores) also sustained the
resource for fewer rounds and accumulated fewer rewards over the course of the game
(74(198)=-0.19, p=.007 and r,(198)=-0.18, p=.014, respectively), demonstrating a medium-

small effect. By contrast, better financial literacy was associated with sustaining resources for
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longer (r5(198)=0.35, p=3.81x107) and gathering more rewards (r(198)=0.28, p=4.53x107) —
a large-medium effect-size. Similarly, better well-being (as WHO-5 scores) was associated
with sustaining the resource longer (and 74(198)=0.23, p=.001) and gathering more rewards
(74(198)=0.18, p=.009) — a medium-small effect. Please see Supplemental Material D for

visuals.

As expected, steeper discounting rates were linked to early depletion of resources (75(398)=-
0.31, p=1.39x10"'%) and fewer rewards gathered (7,(398)=-0.27, p=4.07x10®) — a large-
medium effect. Consistent with other reports (Sze et al., 2017), steeper delay discounting
rates were correlated with hazardous alcohol use (r5(198)= 0.41, p=1.48x10"). However,
partial Spearman correlations showed that early exhaustion of the resource (to zero) and
fewer rewards gathered over the course of the game remained linked to both hazardous
alcohol use (r5(197)=-0.38; p=1.25x107; r(197)=-0.41, p=1.39x10®) and psychological
distress (75(197)=-0.18, p=.019; r(197)=-0.17; p=.023) even when delay discounting rates
were controlled for statistically by adding it as a covariate (Liu et al., 2018). Similarly, both
resource outcomes remained linked to better financial literacy (75(197)=0.26, p=.0006; and
rs(197)= 0.21, p=.0039) when controlling for delay discounting. These observations show
that variable resource outcomes amongst those vulnerable to adverse health experiences are

not simply a matter of elevated impulsivity in the form of steeper delay discounting rates.

While the Spearman’s correlations indicate general associations, the relationships between
resource outcomes and characteristics were non-uniform across performance. To analyse the
relationships at various levels of performance, we employed quantile regression (Koenker &

Bassett, 1978). Like ordinary least squares (OLS) regression, quantile regression fits a line
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through data points to model the relationship between independent variables and a dependent
variable. However, the quantile regression line is fit differently compared to OLS regression.
In quantile regression, the line minimises the weighted distances between observed values
and the values predicted by the model such that a certain proportion of the data points fall
above and below the regression line. For example, a quantile regression line fit for the 0.2
quantile is fit such that 20% of the data points lie below the line, while a quantile regression
line fit for the median (the 0.5 quantile) is fit such that 50% of the data lie below the
regression line (Cook & Manning, 2013; Koenker & Hallock, 2001). Similar to OLS
regression, equations can then be constructed for these lines, where the regression coefficient
represents the predicted rate of change in the dependent variable per unit change in an

independent variable for that specific quantile (Cade & Noon, 2003).

Here, for each questionnaire measure and dependent measure pair, we computed quantile
regression models for the 0.05 to 0.95 quantiles, in increments of 0.05. For these models, we
normalized the questionnaire scores to a mean of 0 and a standard deviation (SD) of 1. This
allowed comparison across models involving questionnaires with different maximum scores.
In the resulting models, the regression coefficients at each quantile represent the estimated
change in the dependent variable (rounds lasted or total rewards collected) for an increase of

one SD in an individual characteristic.

Figure 3 shows the associations between the individual characteristics and both rounds lasted
(a and c¢) and total rewards collected (b and d), at different levels of performance. Each dot

represents the regression coefficient of the change in rounds lasted or rewards gathered for an
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(EDsg) and OECD financial literacy scores when predicting rounds lasted (a & c) and

rewards gathered (b & d) from quantiles 0.05-0.95 in increments of 0.05. Shaded areas
represent 95% ClIs.

individual characteristic at that quantile. The translucent bands represent 95% confidence
intervals for these regression coefficients at each quantile (Koenker, 1994). For example,
looking at Figure 3(c), the regression coefficient for financial literacy at the 0.25 quantile was
11 rounds lasted, with a 95% CI [7, 17]. This is equivalent to saying that, at the 0.25 quantile,

a participant with a financial literacy score one SD higher than another participant would be
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expected to last 11 more rounds in the game. Where the interval does not cross 0 (i.e. dotted
red line) in these plots, we can be 95% confident that the resource outcome at that quantile

can be predicted on the basis of that characteristic.

Figure 3(a) and (c) show that rounds lasted was significantly associated with all the
characteristics around the median; that is, between the 0.20 and 0.70 quantiles. Specifically,
at the median, the number of rounds over which individuals sustained the resource was
predicted to decrease by 13 rounds for every increase of one SD of psychological distress
(Fig 3(a)), by 25 rounds for every increase of one SD of harmful alcohol usage (Fig 3(a)) and
by 17 rounds for every increase of one SD of delay discounting (Fig 3c)). By contrast, the
number of rounds survived was predicted to increase by 18 rounds for those who were more
financially literate (Fig 3(c)) and by 12 rounds for every increase of one SD in general well-
being (Fig 3(a)). Most of these associations diminished amongst those who sustained the
resource for the longest (> 0.75 quantile) since the best performers survived all 70 rounds,
regardless of their characteristics. Please see Supplemental Material D for visualizations of

the best fit quantile lines in relation to the raw data.

Figure 3(b) and (d) show the associations between the total rewards collected and
characteristics as a function of performance. Negative associations with psychological
distress (GHQ-12) are evident among the participants between the 0.25 and 0.60

quantiles. By contrast, we found increasingly negative associations between the total rewards
gathered and both increasing hazardous alcohol use and increasing delay discounting across
almost all quantiles. The effect was particularly stark among the very best performers. At the
0.85 quantile, 98 rewards might be lost for every increase of 1 SD in hazardous alcohol usage

(see Fig 3(b)); similarly, 91 rewards might be lost for 1 SD in delay discounting rate (Fig
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3(d)). Finally, among the performers within the 0.10 — 0.50 quantiles, more rewards were
gathered with improved well-being and financial literacy (see Supplemental Material D for

more visuals).

Experiment 1 demonstrates that individuals' outcomes (in terms of sustaining a resource to
facilitate the harvesting of small monetary rewards) in a single-player resource management
game vary markedly, and are worse with self-reported recent psychological distress,
hazardous alcohol use, and rapid delay discounting. By contrast, the same outcomes appear to
be improved among individuals with better self-reported well-being and financial literacy.
Overall, the strongest relationships involved hazardous alcohol use (as measured with the
AUDIT) and delay discounting (as the rates elicited by the EDso). Importantly, the links
between resource outcomes and hazardous drinking (and indeed psychological distress) do
not appear to be artefacts of covarying rapid delay discounting. This is because the former
associations survived correction for participants' discounting rates. In Experiment 2, we

consolidate these findings with a direct replication.

Experiment 2

In Experiment 2, we sought to replicate the effects of delay discounting and harmful alcohol
usage found in Experiment 1. Participants played the same single-player resource
management game as above. They then took two psychometric questionnaires: the 10-item
Alcohol Use Disorders Identification Test (AUDIT: Saunders, Aasland, Babor, et al., 1993)
and the 5-item EDso, delay discounting elicitation (Koffarnus & Bickel, 2014). Experiment 2

was part of a larger set of experiments, reported elsewhere, that addressed a distinct research
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question (Rauwolf & Rogers, under review). However, this is the first time this dataset has

been used to consider the effect of individual characteristics on resource outcomes.

Method

Participants

Ethical approval for this experiment was granted by the Bangor University Psychology
Research Ethics Committee. Three hundred and eighty-one participants took part, recruited
from Amazon Mechanical Turk. As in Experiment 1, participants completed an online
protocol hosted on Qualtrics. The sample consisted of 158 females, 222 males, and 1
participant who preferred not to identify their gender. Participants had a mean age of

35.3+£10.7yr. No participant was excluded.

The experiment was only made available to MTurk workers based in the United States of
America with at least a 95% approval rating from previous tasks. Participants were paid a
base fee of $0.75 for participating and told they could earn a bonus payment up to value of
$6.00. They could earn up to $3.00 depending on their performance in the single-player
game, and another $3.00 for a different game which is not described here. As in Experiment
1, participants were not told the value of each reward harvested in the game ($0.005) until
they had completed the entire experiment. Of note, after the experiment, we calculated that
participants earned an average bonus of $0.76 = $.59(SD) for the single-player game (bonus
payments ranged from $0.30 - $2.53). Using the time it took for each participant to complete
the protocol, along with all bonus payments, the average rate of pay was $7.74+ $4.05 per

hour.
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Materials

The materials were similar to those used in Experiment 1. Participants played a resource
management game (see Experiment 1 and Figure 1). Then, participants completed measures
of harmful alcohol use (AUDIT) and delay discounting (EDso) — please see Experiment 1 for

more details on these measures.

Procedure

First, participants were presented with an information sheet and completed a consent form
(please see Supplemental Material A for full details of the experimental procedure). Next,
participants answered a couple of demographic questions (age and gender). As in Experiment
1, participants were given instructions on how to play the resource management game. Prior
to playing the game, participants had to correctly answer four questions, demonstrating
understanding of the game. Participants then played the resource management game. Upon
completion, if they accrued a time-penalty for depleting the resource early, they had to wait
before proceeding. Then, participants were informed of how much bonus money they had
earned. As this experiment was part of a multi-faceted procedure, the participants then played
a different game, which is not considered in this work. Afterwards, participants completed the
EDso followed by the AUDIT. Finally, participants were debriefed, reminded of how much
bonus money they had earned, and told they would receive payment within 72 hours. All data

can be found here: https://osf.io/8b7av/?view_only=075259b34db4412cbf859562cf384eed
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Figure 4 Left: Proportion of participants still playing after a given round. Right:
Relationship between rounds lasted and rewards earned for each participant.

Results

The data showed significant heteroskedasticity (see Supplemental Material C), so data
analysis was completed with the same statistical tests as Experiment 1. Figure 4(left) shows
the proportion of participants still sustaining the resource at each of the 70 rounds of the
resource management game. 41% of participants fully exhausted the resource by round 10,
while 23% maintained the resource across the maximum 70 rounds. Figure 4(right) shows
how, as in Experiment 1, the variation in rewards gathered increased with the number of
rounds lasted. While many participants were able to last the maximum 70 rounds, few were

able to harvest a large number of rewards.

Next, we explored the relationships between resource outcomes and (i) harmful alcohol use

(M: 12.03, SD: 11.05), and (i1) delay discounting (calculated as log of k; M: -3.34, SD: 3.27).
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The responses to the AUDIT questionnaire showed excellent internal consistency, with a

Cronbach's a of 0.95.

Non-parametric Spearman correlations showed that participants reporting hazardous alcohol
use tended to sustain the resource for fewer rounds (r5(379)=-0.54, p=2.2x10"'%) and gather
fewer rewards (75(379)=-0.52, p=2.2x107'%). These effect sizes (1;) are very similar to
Experiment 1, replicating the large effect of harmful alcohol use. Similarly, participants with
steeper discounting rates also sustained the resource for fewer rounds of the game (74(379)=-
0.34, p=9.33x107'?) and gathered fewer rewards (75(379)=-0.31, p=3.86x10"'%). Again, these
effect sizes are very comparable to Experiment 1, constituting a convincing replication. As in
Experiment 1, partial Spearman correlations showed that, when controlling for delay
discounting, harmful alcohol use was still significantly associated with fewer rounds lasted
(r(378)=-0.46; p=1.61x10"'®) and rewards earned (5(378)= -0.44, p=3.00x10"'®). For brevity,

scatter plots of the raw data can be found in Supplemental Material D.

Finally, we ran quantile regressions to examine these relationships at various levels of
performance. As in Experiment 1, each individual characteristic was normalized to a mean of
zero and a standard deviation of one. Figure 5 shows the relationships between rounds lasted
(Figure 5a), and total rewards gathered (Figure 5b) on both AUDIT scores and EDso

discounting rate.

Here, we found similar relationships compared with Experiment 1. Harmful alcohol use (as
AUDIT score) was associated with fewer rounds lasted between the 0.15 — 0.80 quantiles and

fewer rewards gathered in all quantiles after 0.15. Associations involving delay discounting
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showed similar patterns. Discounting rates (as EDso scores) were associated with fewer
rounds lasted between the 0.30 — 0.80 quantiles and fewer total rewards gathered in all

quantiles after 0.30. Please see Supplemental Material D for visualizations of the best fit

quantile lines in relation to the raw data.

Finally, across the quantiles, the effect sizes were similar to Experiment 1. For instance, the
quantile regression models predict that, at the median, the number of rounds lasted would
decrease by 15 for every increase of one SD of harmful alcohol use, and by 12 for every
increase of one SD of delay discounting. Further, at the 0.85 quantile, participants would be
expected to gather 93 fewer points for an increase of one SD of harmful alcohol use and 72

fewer points for an increase of one SD of delay discounting.
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Discussion:

Encouraging sustainable use of limited natural, social, and economic resources involves
understanding the variety of ways in which people think about how resources work and how
they adjust their behaviour (or not) as available resources fluctuate. Interpreting the variation
in individual behaviours in group-based, common-pool games (as models of resource
management; Balliet, 2009; Brewer & Kramer, 1986) is complicated by the difficulty of
disentangling responses to the social aspects of sharing resources with other non-social
factors. Thus, characterising varying behaviours and outcomes in single-player games can
help us to understand more about how individuals engage with resource 'temporal dynamics'

(Hendrickx et al., 2001).

Here, for the first time, we show that resource outcomes of a single-player game involving a
dynamic resource are moderated by self-reported mental health experiences and delay-
discounting rates (as a generic risk-factor). In two experiments with large sample sizes,
including one direct replication, we find that the ability to sustain a resource over successive
harvesting opportunities is reliably worse in individuals reporting elevated psychological
distress and the often co-occurring hazardous alcohol use (Lai et al., 2015). Strikingly, these
associations remained substantial once we had accounted for elevated delay discounting rates
(as a form of impulsivity; Ainslie, 1975), itself a strong risk factor for alcohol misuse and
other health problems (Amlung et al., 2019; Fields et al., 2014; Levitt et al., 2023; Petry,
2001; Story et al., 2014). By contrast, individuals who reported higher levels of financial

literacy and general well-being achieved correspondingly better resource outcomes.

Our observations suggest that the capacity to respond effectively to the dynamics of resources

are compromised in individuals at risk of psychological and alcohol-related disorders. We
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suggest this work has important ramifications for understanding how individual
characteristics moderate behaviour in more complex group settings (e.g. common pools).
Managing a resource at the group level involves learning complex multi-partner dynamics
whilst simultaneously learning non-trivial, time-based resource dynamics (Hendrickx et al.,
2001). This work demonstrates that health risk factors are associated with difficulties
navigating resource dynamics in a single-player setting, where one does not navigate multi-
partner dynamics. Future work in understanding how individual characteristics affect group-
based resource maintenance should amalgamate the causes underlying variation of individual
resource management behaviours with the complex dynamics caused by multi-partner

interactions.

The variation in resource management behaviours reported here might reflect several —
possibly overlapping — psychological mechanisms. First, consistent with evidence of
aggressive harvesting behaviours when resources are independently devalued with time
(Mannix, 1991), it is likely that individuals with high delay discounting rates will have
harvested aggressively earlier in the game in order to secure rewards quickly at the expense
of later but larger total rewards afforded by a sustained resource (cf. Bechara et al., 1994).
However, other inter-related forms of impulsivity might be involved (Dalley & Robbins,
2017; Evenden, 1999). These include the tendency to act prematurely — in this case,
harvesting heavily — without reflecting on the potential damage to the resource (Clark et al.,
2006). It might, therefore, be helpful to explore whether interventions to promote future-
oriented thinking improve resource management in single-player games in the same way as
they have been found to produce transient reductions in discounting rates (Bar, 2010; Benoit

et al., 2011) and moderate health-relevant behaviours (Dassen et al., 2016).
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Further, the observation that resource outcomes were linked to participants' psychological
distress and alcohol misuse (even once delay discounting rates had been controlled for)
suggests variation in broader cognitive and emotional function linked to psychopathology.
Optimal play in our single-player game involves learning about the good and bad outcomes
of higher vs lower harvests. However, the motivational processes mediated by this kind of
reinforcement learning is likely to be impaired in individuals with anxiety and depression
(Browning et al., 2015; Pizzagalli et al., 2008) and subject to broader mood-dependent biases
in the processing of positive and negative information (Bradley et al., 1995; Hamilton &
Gotlib, 2008; Mennen et al., 2019). Similarly, reward-based learning can also be
compromised in groups with alcohol use difficulties (Cao et al., 2021; Park et al., 2010). In
the present experiments, we used validated self-report measures to identify increasing risk of
psychological disorders. Further work in clinical samples with established diagnoses for
mood, anxiety or alcohol use disorders could clarify whether difficulties engaging with
resources are linked to symptom severity, persist in the euthymic or remitted state, or are
linked to broader difficulties in managing financial, social and clinical resources in patients'
lives (Adinoff et al., 2016; Haushofer & Fehr, 2014; Richardson et al., 2017). Finally, the
positive links seen here between resource outcomes and financial literacy suggest that the
effective use of the resource in our single-player game is linked to broader patterns of
planning and cautious decision-making in household and financial contexts as captured by the

OECD measure of financial literacy (Conkova, 2014).

These experiments do have limitations. First, our findings involved a single-player game with
specific initial resource values (60 nominal rewards) and a particular replenishment value
(15+£3%). We cannot yet know whether the pattern of harvesting behaviours observed and

their modulation by health experiences might be different with different game parameters.
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Future work could consider the resource parameters which constitute the boundary conditions
for these patterns. Second, although our findings show that resource management outcomes
are linked to participants' delay discounting rates, the replenishment mechanism in our single-
player game involved stochastic additions to the resource. Therefore, in future work, it might
be helpful to explore whether harvesting behaviours are also moderated by individuals'

probability discounting rates as a distinct construct (Green & Myerson, 2013).

Third, the use of a stochastic replenishment function meant that participants experienced
slightly different fluctuations in the resource. While the resource replenished at 15% on
average, some participants would have seen slightly higher or lower replenishments rates
compared with others. This could have influenced behaviour in the game — for example, some
participants might have experienced low replenishments early while they were learning about
the vulnerability of the resource. To test whether resource outcomes reflected variation in
experienced replenishment rates, we calculated, for each participant in each experiment, the
mean replenishment rate over the first 1, 2, 3, 5, 10, 20, 50, and 70 rounds. We then ran
Spearman correlations between the mean replenishment rates across participants and both
rounds lasted and total rewards gathered. None of the effects were substantial or statistically
significant (see Supplemental Material E for the detailed analysis). Therefore, it seems
unlikely that the participants' behaviour in the games were linked to variance in

replenishment experiences.

Fourth, in these studies, participants did not know the resource management game would end
after 70 rounds. Further, previous research suggests that, in other contexts, manipulating

uncertainty around the termination of games can affect risk and delay-related choices (Bigoni
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et al., 2015; Pietras et al., 2003; Pietras & Hackenberg, 2001). As such, it is possible that the
poor sustainable behaviour observed here among individuals with health risk factors was due
to poor navigation of the uncertain termination rule of the game. In other words, perhaps
those with health risk factors would manage a resource better if they were certain the
resource game would not end abruptly. Using previously unanalysed data from another study,
we found that this was not likely to be the case (see Supplemental Material F for complete
analysis). Here, 100 participants played the same single-player resource management game
but with the number of rounds remaining in the game displayed before each harvest. These
participants also completed the EDso measure of delay discounting. As above, the number of
rounds sustained and the total rewards gathered were strongly and negatively associated with
discounting rates. In fact, the strength of these correlations were larger when participants
knew the termination rule of the game compared with when they did not know, as in
Experiments 1 and 2. Thus, the associations involving delay discounting rates are not an

artefact of participants' lack of knowledge of the game's termination rule.

Finally, there remain important questions about the direction of causality in the poor resource
outcomes of individuals reporting adverse health experiences. Possibly, as above, the
behaviours seen in the present experiments directly reflect changes in the cognitive and
affective mediators of symptom severity. However, equally, social and economic difficulties
are linked to elevated rates of depression, anxiety and alcohol misuse (Haushofer & Fehr,
2014; Makela, 1999; Marmot, 1999; Richardson et al., 2017; Sze et al., 2017). Prolonged,
psychosocial pressures of this kind can undermine resilience, possibly promoting 'fast-life
strategies' that, in a context of uncertainty and scarcity, prioritise the rapid consumption of
resources which can further elevate stress and the likelihood of relapse or symptom severity

(Pampel et al., 2010; Pepper & Nettle, 2017). As such, it may be helpful to focus future
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research on psycho-education interventions to include content about resource dynamics to
support individuals reporting psychological distress in the effective management of their
financial, social, and clinical resources in order to protect their well-being. It may also be
helpful to tailor policy interventions to encourage sustainable use of resources, allowing for

the difficulties that clinical groups may experience with resource dynamics.

Open Practices Statement:

All data analysed in this study is available and can be found here:

https://osf.io/8b7av/?view_only=075259b34db4412cbt859562cf384eed. This study was not

pre-registered.

References

Adda, J., Banks, J., & von Gaudecker, H.-M. (2009). The Impact of Income Shocks on
Health: Evidence from Cohort Data. Journal of the European Economic Association,

7(6), 1361-1399. https://doi.org/10.1162/JEEA.2009.7.6.1361

Adinoff, B., Carmody, T. J., Walker, R., Donovan, D. M., Brigham, G. S., & Winhusen, T.
M. (2016). Decision-making processes as predictors of relapse and subsequent use in
stimulant-dependent patients. The American Journal of Drug and Alcohol Abuse, 42(1),

88-97. https://doi.org/10.3109/00952990.2015.1106550

Ahlin, J., Hallgren, M., Ojehagen, A., Killmén, H., & Forsell, Y. (2015). Adults with mild to
moderate depression exhibit more alcohol related problems compared to the general
adult population: a cross sectional study. BMC Public Health, 15(1), 542.

https://doi.org/10.1186/s12889-015-1837-8


https://osf.io/8b7av/?view_only=075259b34db4412cbf859562cf384eed

34

Ainslie, G. (1975). Specious reward: a behavioral theory of impulsiveness and impulse

control. Psychological Bulletin, 8§2(4), 463—496.

Amlung, M., Marsden, E., Holshausen, K., Morris, V., Patel, H., Vedelago, L., Naish, K. R.,
Reed, D. D., & McCabe, R. E. (2019). Delay Discounting as a Transdiagnostic Process
in Psychiatric Disorders: A Meta-analysis. JAMA Psychiatry, 76(11), 1176—-1186.

https://doi.org/10.1001/jamapsychiatry.2019.2102

Armstrong, J. H., & Kamieniecki, S. (2019). Sustainability Policy Research: A Review and
Synthesis. Policy Studies Journal, 47(S1), S45-S65.

https://doi.org/https://doi.org/10.1111/psj.12320

Balliet, D. (2009). Communication and Cooperation in Social Dilemmas: A Meta-Analytic
Review. Journal of Conflict Resolution, 54(1), 39-57.

https://do1.0org/10.1177/0022002709352443

Balliet, D., Parks, C., & Joireman, J. (2009). Social Value Orientation and Cooperation in
Social Dilemmas: A Meta-Analysis. Group Processes & Intergroup Relations, 12(4),

533-547. https://doi.org/10.1177/1368430209105040

Bar, M. (2010). Wait for the Second Marshmallow? Future-Oriented Thinking and Delayed
Reward Discounting in the Brain. Neuron, 66(1), 4-5.

https://doi.org/https://doi.org/10.1016/j.neuron.2010.04.001

Barlow, P., Reeves, A., McKee, M., Galea, G., & Stuckler, D. (2016). Unhealthy diets,
obesity and time discounting: a systematic literature review and network analysis.

Obesity Reviews, 17(9), 810-819. https://doi.org/10.1111/0br.12431

Bechara, A., Damasio, A. R., Damasio, H., & Anderson, S. W. (1994). Insensitivity to future

consequences following damage to human prefrontal cortex. Cognition, 50(1), 7-15.



35

https://doi.org/https://doi.org/10.1016/0010-0277(94)90018-3

Bellis, M. A., Hughes, K., Nicholls, J., Sheron, N., Gilmore, 1., & Jones, L. (2016). The
alcohol harm paradox: using a national survey to explore how alcohol may
disproportionately impact health in deprived individuals. BMC Public Health, 16(1),

111. https://doi.org/10.1186/s12889-016-2766-x

Bellman, R. (1957). A Markovian Decision Process. Journal of Mathematics and Mechanics,

6(5), 679—684. http://www.jstor.org/stable/24900506

Bellman, R. E. (2010). Dynamic Programming. Princeton University Press.

https://doi.org/doi:10.1515/9781400835386

Benoit, R. G., Gilbert, S. J., & Burgess, P. W. (2011). A Neural Mechanism Mediating the
Impact of Episodic Prospection on Farsighted Decisions. The Journal of Neuroscience,

31(18), 6771 LP — 6779. https://doi.org/10.1523/JNEUROSCI.6559-10.2011

Bernold, E., Gsottbauer, E., Ackermann, K. A., & Murphy, R. O. (2015). Social framing and
cooperation: The roles and interaction of preferences and beliefs. Available at SSRN

2557927 https://doi.org/http://dx.doi.org/10.2139/ssrn.2557927

Bigoni, M., Casari, M., Skrzypacz, A., & Spagnolo, G. (2015). Time Horizon and
Cooperation in Continuous Time. Econometrica, 83(2), 587-616.

https://doi.org/10.3982/ECTA11380

Bishop, S. J., & Gagne, C. (2018). Anxiety, depression, and decision making: a

computational perspective. Annual Review of Neuroscience, 41, 371-388.

Bogaert, S., Boone, C., & Declerck, C. (2008). Social value orientation and cooperation in
social dilemmas: A review and conceptual model. British Journal of Social Psychology,

47(3), 453—-480. https://doi.org/10.1348/014466607X244970



36

Bradley, B. P., Mogg, K., & Williams, R. (1995). Implicit and explicit memory for emotion-
congruent information in clinical depression and anxiety. Behaviour Research and

Therapy, 33(7), 755-770.

Brechner, K. C. (1977). An experimental analysis of social traps. In Journal of experimental
social psychology. (Vol. 13, Issue 6, pp. 552-564). https://doi.org/10.1016/0022-

1031(77)90054-3

Brewer, M. B., & Kramer, R. M. (1986). Choice behavior in social dilemmas: Effects of
social identity, group size, and decision framing. Journal of Personality and Social

Psychology, 50, 543-549. https://doi.org/10.1037/0022-3514.50.3.543

Browning, M., Behrens, T. E., Jocham, G., O’Reilly, J. X., & Bishop, S. J. (2015). Anxious
individuals have difficulty learning the causal statistics of aversive environments.

Nature Neuroscience, 18(4), 590-596. https://doi.org/10.1038/nn.3961

Cade, B. S., & Noon, B. R. (2003). A gentle introduction to quantile regression for ecologists.
Frontiers in Ecology and the Environment, 1(8), 412—420. https://doi.org/10.1890/1540-

9295(2003)001[0412:AGITQR]2.0.CO;2

Cao, Z., Bennett, M., O’Halloran, L., Pragulbickaite, G., Flanagan, L., McHugh, L., &
Whelan, R. (2021). Aberrant reward prediction errors in young adult at-risk alcohol
users. Addiction Biology, 26(1), e12873.

https://doi.org/https://doi.org/10.1111/adb.12873

Case, P., Ng Fat, L., & Shelton, N. (2019). Exploring the characteristics of newly defined at-
risk drinkers following the change to the UK low risk drinking guidelines: a
retrospective analysis using Health Survey for England data. BMC Public Health, 19(1),

902. https://doi.org/10.1186/s12889-019-7240-0



37

Chermak, J. M., & Krause, K. (2002). Individual Response, Information, and
Intergenerational Common Pool Problems. Journal of Environmental Economics and

Management, 43(1), 47-70. https://doi.org/https://doi.org/10.1006/jeem.2000.1173

Clark, L., Robbins, T. W., Ersche, K. D., & Sahakian, B. J. (2006). Reflection impulsivity in

current and former substance users. Biological Psychiatry, 60(5), 515-522.

Conkové, M. (2014). Quality of the Financial Literacy Survey. International Journal of

Interdiscinplinarity in Theory and Practice.

Cook, B. L., & Manning, W. G. (2013). Thinking beyond the mean: a practical guide for
using quantile regression methods for health services research. Shanghai Archives of

Psychiatry, 25(1), 55-59. https://doi.org/10.3969/.issn.1002-0829.2013.01.011

Dalley, J. W., & Robbins, T. W. (2017). Fractionating impulsivity: neuropsychiatric
implications. Nature Reviews Neuroscience, 18(3), 158—171.

https://doi.org/10.1038/nrn.2017.8

Dassen, F. C. M., Jansen, A., Nederkoorn, C., & Houben, K. (2016). Focus on the future:
Episodic future thinking reduces discount rate and snacking. Appetite, 96, 327-332.

https://doi.org/https://doi.org/10.1016/j.appet.2015.09.032

Ellingsen, T., Johannesson, M., Mollerstrom, J., & Munkhammar, S. (2012). Social framing
effects: Preferences or beliefs? Games and Economic Behavior, 76(1), 117-130.

https://doi.org/https://doi.org/10.1016/j.geb.2012.05.007

Evenden, J. L. (1999). Varieties of impulsivity. Psychopharmacology, 146(4), 348-361.

https://doi.org/10.1007/PL00005481

Farias, A. R., Coruk, S., & Simao, C. (2021). The Effects of Temporal Discounting on

Perceived Seriousness of Environmental Behavior: Exploring the Moderator Role of



38

Consumer Attitudes Regarding Green Purchasing. In Sustainability (Vol. 13, Issue 13).

https://doi.org/10.3390/sul3137130

Fields, S. A., Lange, K., Ramos, A., Thamotharan, S., & Rassu, F. (2014). The relationship
between stress and delay discounting: a meta-analytic review. Behavioural
Pharmacology, 25(5 and 6).
https://journals.lww.com/behaviouralpharm/Fulltext/2014/09000/The_relationship betw

een_stress_and delay.10.aspx

Freeman, J., Baggio, J. A., & Coyle, T. R. (2020). Social and general intelligence improves
collective action in a common pool resource system. Proceedings of the National

Academy of Sciences, 117(14), 7712—7718. https://doi.org/10.1073/pnas. 1915824117

Gignac, G. E., & Szodorai, E. T. (2016). Effect size guidelines for individual differences
researchers. Personality and Individual Differences, 102, 74-78.

https://doi.org/10.1016/j.paid.2016.06.069

Goldberg, D. P., & Blackwell, B. (1970). Psychiatric Illness in General Practice: A Detailed
Study Using a New Method of Case Identification. British Medical Journal, 2(5707),

439 LP — 443. https://doi.org/10.1136/bm;.2.5707.439

Goldberg, D. P., Gater, R., Sartorius, N., Ustun, T. B., Piccinelli, M., Gureje, O., & Rutter, C.
(1997). The validity of two versions of the GHQ in the WHO study of mental illness in
general health care. Psychological Medicine, 27(1), 191-197. https://doi.org/DOI:

10.1017/S0033291796004242

Graetz, B. (1991). Multidimensional properties of the General Health Questionnaire. Social
Psychiatry and Psychiatric Epidemiology, 26(3), 132—138.

https://doi.org/10.1007/BF00782952



39

Gray, J. C., & MacKillop, J. (2015). Using Behavior Economics to Understand Alcohol Use
Disorders: a Concise Review and Identification of Research Priorities. Current

Addiction Reports, 2(1), 68-75. https://doi.org/10.1007/s40429-015-0045-z

Green, L., & Myerson, J. (2013). HOW MANY IMPULSIVITIES? A DISCOUNTING
PERSPECTIVE. Journal of the Experimental Analysis of Behavior, 99(1), 3—13.

https://doi.org/https://doi.org/10.1002/jeab. 1

Hagiwara, K., Mochizuki, Y., Chen, C., Lei, H., Hirotsu, M., Matsubara, T., & Nakagawa, S.
(2022). Nonlinear probability weighting in depression and anxiety: Insights from healthy

young adults. Frontiers in Psychiatry, 13:810867. 10.3389/fpsyt.2022.810867

Hall, T., Krahn, G. L., Horner-Johnson, W., & Lamb, G. (2011). Examining functional
content in widely used Health-Related Quality of Life scales. In Rehabilitation
Psychology (Vol. 56, Issue 2, pp. 94-99). American Psychological Association.

https://doi.org/10.1037/a0023054

Hamilton, J. P., & Gotlib, I. H. (2008). Neural substrates of increased memory sensitivity for

negative stimuli in major depression. Biological Psychiatry, 63(12), 1155—-1162.

Han, G., Kim, J., & Park, W. S. (2018). Extrinsic Value Orientation and Decreased
Sustainability of Shared Resources: The Moderating Role of Situational Characteristics.

In Sustainability (Vol. 10, Issue 7). https://doi.org/10.3390/sul0072199

Hankins, M. (2008). The reliability of the twelve-item general health questionnaire (GHQ-12)
under realistic assumptions. BMC Public Health, 8(1), 355.

https://do1.org/10.1186/1471-2458-8-355

Hara, K., Adams, A., Milland, K., Savage, S., Callison-Burch, C., & Bigham, J. P. (2018). A

data-driven analysis of workers’ earnings on Amazon Mechanical Turk. Proceedings of



40

the 2018 CHI Conference on Human Factors in Computing Systems, 1—14.

Haushofer, J., & Fehr, E. (2014). On the psychology of poverty. Science, 344(6186), 862 LP

— 867. https://doi.org/10.1126/science.1232491

Hendrickx, L., Poortinga, W., & Kooij, R. van der. (2001). Temporal factors in resource
dilemmas. Acta Psychologica, 108(2), 137-154.

https://doi.org/https://doi.org/10.1016/S0001-6918(01)00032-4

Hey, J. D., Neugebauer, T., & Sadrieh, A. (2009). An Experimental Analysis of Optimal
Renewable Resource Management: The Fishery. Environmental and Resource

Economics, 44(2), 263. https://doi.org/10.1007/s10640-009-9285-5

Hirsh, J. L., Costello, M. S., & Fuqua, R. W. (2015). Analysis of Delay Discounting as a
Psychological Measure of Sustainable Behavior. Behavior and Social Issues, 24(1),

187-202. https://doi.org/10.5210/bsi.v2410.5906

Huckle, T., You, R. Q., & Casswell, S. (2010). Socio-economic status predicts drinking
patterns but not alcohol-related consequences independently. Addiction, 105(7), 1192—

1202. https://doi.org/10.1111/5.1360-0443.2010.02931.x

Kanger, L., Sovacool, B. K., & Noorkdiv, M. (2020). Six policy intervention points for
sustainability transitions: A conceptual framework and a systematic literature review.
Research Policy, 49(7), 104072.

https://doi.org/https://doi.org/10.1016/j.respol.2020.104072

Kirby, K. N., Petry, N. M., & Bickel, W. K. (1999). Heroin addicts have higher discount rates
for delayed rewards than non-drug-using controls. In Journal of Experimental
Psychology: General (Vol. 128, Issue 1, pp. 78—87). American Psychological

Association. https://doi.org/10.1037/0096-3445.128.1.78



41

Knapp, A., & Clark, M. S. (1991). Some Detrimental Effects of Negative Mood on
Individuals’ Ability to Solve Resource Dilemmas. In Personality & social psychology

bulletin (Vol. 17, Issue 6, pp. 678—688). https://doi.org/10.1177/0146167291176011

Koenker, R. (1994). Confidence Intervals for Regression Quantiles BT - Asymptotic

Statistics (P. Mandl & M. Huskova (eds.); pp. 349-359). Physica-Verlag HD.

Koenker, R., & Bassett, G. (1978). Regression Quantiles. Econometrica, 46(1), 33-50.

https://doi.org/10.2307/1913643

Koenker, R., & Hallock, K. F. (2001). Quantile regression. Journal of Economic

Perspectives, 15(4), 143—156. https://doi.org/10.1257/jep.15.4.143

Koffarnus, M. N., & Bickel, W. K. (2014). A 5-trial adjusting delay discounting task:
Accurate discount rates in less than one minute. In Experimental and Clinical
Psychopharmacology (Vol. 22, Issue 3, pp. 222-228). American Psychological

Association. https://doi.org/10.1037/a0035973

Koomen, R., & Herrmann, E. (2018a). An investigation of children’s strategies for
overcoming the tragedy of the commons. Nature Human Behaviour, 2(5), 348-355.

https://doi.org/10.1038/541562-018-0327-2

Koomen, R., & Herrmann, E. (2018b). The effects of social context and food abundance on
chimpanzee feeding competition. American Journal of Primatology, 80(2), €22734.

https://doi.org/https://doi.org/10.1002/ajp.22734

Kramer, R. M., McClintock, C. G., & Messick, D. M. (1986). Social values and cooperative
response to a simulated resource conservation crisis. Journal of Personality, 54(3), 576—

582. https://doi.org/https://doi.org/10.1111/3.1467-6494.1986.tb00413.x

Lai, H. M. X., Cleary, M., Sitharthan, T., & Hunt, G. E. (2015). Prevalence of comorbid



42

substance use, anxiety and mood disorders in epidemiological surveys, 1990-2014: A

systematic review and meta-analysis. Drug and Alcohol Dependence, 154, 1-13.

Levitt, E. E., Oshri, A., Amlung, M., Ray, L. A., Sanchez-Roige, S., Palmer, A. A., &
MacKillop, J. (2023). Evaluation of delay discounting as a transdiagnostic research
domain criteria indicator in 1388 general community adults. Psychological Medicine,

53(4), 1649-1657. https://doi.org/DOL: 10.1017/S0033291721005110

Liu, Q., Li, C., Wanga, V., & Shepherd, B. E. (2018). Covariate-adjusted Spearman’s rank
correlation with probability-scale residuals. Biometrics, 74(2), 595-605.

https://doi.org/10.1111/biom.12812

Macke, J., & Genari, D. (2019). Systematic literature review on sustainable human resource
management. Journal of Cleaner Production, 208, 806—815.

https://doi.org/https://doi.org/10.1016/j.jclepro.2018.10.091

Madden, G. J., Francisco, M. T., Brewer, A. T., & Stein, J. S. (2011). Delay discounting and
gambling. Behavioural Processes, 87(1), 43—49.

https://doi.org/https://doi.org/10.1016/j.beproc.2011.01.012

Makela, P. (1999). Alcohol-related mortality as a function of socio-economic status.

Addiction, 94(6), 867-886. https://doi.org/10.1046/j.1360-0443.1999.94686710.x

Mannix, E. A. (1991). Resource dilemmas and discount rates in decision making groups.
Journal of Experimental Social Psychology, 27(4), 379-391.

https://doi.org/https://doi.org/10.1016/0022-1031(91)90032-2

Marmot, M. (1999). Epidemiology of Socioeconomic Status and Health: Are Determinants
Within Countries the Same as Between Countries? Annals of the New York Academy of

Sciences, 896(1), 16-29. https://doi.org/https://doi.org/10.1111/.1749-



43

6632.1999.tb08102.x

Mennen, A. C., Norman, K. A., & Turk-Browne, N. B. (2019). Attentional bias in depression:
understanding mechanisms to improve training and treatment. Current Opinion in

Psychology, 29, 266—273. https://doi.org/https://doi.org/10.1016/j.copsyc.2019.07.036

Messick, D. M., & McClelland, C. L. (1983). Social Traps and Temporal Traps. Personality
and Social Psychology Bulletin, 9(1), 105-110.

https://doi.org/10.1177/0146167283091015

Moxnes, E. (1998). Not Only the Tragedy of the Commons: Misperceptions of
Bioeconomics. Management Science, 44(9), 1234—1248.

https://doi.org/10.1287/mnsc.44.9.1234

Moxnes, E. (2000). Not only the tragedy of the commons: misperceptions of feedback and
policies for sustainable development. System Dynamics Review, 16(4), 325-348.

https://doi.org/10.1002/sdr.201

Moxnes, E. (2004). Misperceptions of basic dynamics: the case of renewable resource

management. System Dynamics Review, 20(2), 139—162. https://doi.org/10.1002/sdr.289

Odum, A. L. (2011). DELAY DISCOUNTING: I'M A K, YOU’RE A K. Journal of the
Experimental Analysis of Behavior, 96(3), 427-439.

https://doi.org/https://doi.org/10.1901/jeab.2011.96-423

OECD. (2018). OECD/INFE Toolkit for Measuring Financial Literacy and Financial

Inclusion.

Pampel, F. C., Krueger, P. M., & Denney, J. T. (2010). Socioeconomic Disparities in Health
Behaviors. Annual Review of Sociology, 36(1), 349-370.

https://doi.org/10.1146/annurev.soc.012809.102529



44

Park, S. Q., Kahnt, T., Beck, A., Cohen, M. X., Dolan, R. J., Wrase, J., & Heinz, A. (2010).
Prefrontal Cortex Fails to Learn from Reward Prediction Errors in Alcohol Dependence.
The Journal of Neuroscience, 30(22), 7749 LP — 7753.

https://doi.org/10.1523/JINEUROSCI.5587-09.2010

Pepper, G. V, & Nettle, D. (2017). The behavioural constellation of deprivation: Causes and
consequences. Behavioral and Brain Sciences, 40, 66.

https://doi.org/http://dx.doi.org/10.1017/S0140525X1600234X

Petry, N. M. (2001). Delay discounting of money and alcohol in actively using alcoholics,
currently abstinent alcoholics, and controls. Psychopharmacology, 154(3), 243-250.

https://doi.org/10.1007/s002130000638

Pietras, C. J., & Hackenberg, T. D. (2001). RISK-SENSITIVE CHOICE IN HUMANS AS A
FUNCTION OF AN EARNINGS BUDGET. Journal of the Experimental Analysis of

Behavior, 76(1), 1-19. https://doi.org/https://doi.org/10.1901/jeab.2001.76-1

Pietras, C. J., Locey, M. L., & Hackenberg, T. D. (2003). HUMAN RISKY CHOICE
UNDER TEMPORAL CONSTRAINTS: TESTS OF AN ENERGY-BUDGET
MODEL. Journal of the Experimental Analysis of Behavior, 80(1), 59-75.

https://doi.org/https://doi.org/10.1901/jeab.2003.80-59

Pizzagalli, D. A., losifescu, D., Hallett, L. A., Ratner, K. G., & Fava, M. (2008). Reduced
hedonic capacity in major depressive disorder: evidence from a probabilistic reward

task. Journal of Psychiatric Research, 43(1), 76-87.

Puterman, M. L. (1994). Markov Decision Processes: Discrete Stochastic Dynamic

Programming. John Wiley & Sons, Ltd. https://doi.org/10.1002/9780470316887

Rauwolf, P., & Rogers, R. D. (under review). Finite-horizon information improves individual



45

resource management.

Reinert, D. F., & Allen, J. P. (2002). The Alcohol Use Disorders Identification Test
(AUDIT): A Review of Recent Research. Alcoholism: Clinical and Experimental

Research, 26(2), 272-279. https://doi.org/10.1111/j.1530-0277.2002.tb02534.x

Reinert, D. F., & Allen, J. P. (2007). The Alcohol Use Disorders Identification Test: An
Update of Research Findings. Alcoholism: Clinical and Experimental Research, 31(2),

185-199. https://doi.org/https://doi.org/10.1111/5.1530-0277.2006.00295.x

Richardson, T., Elliott, P., Roberts, R., & Jansen, M. (2017). A Longitudinal Study of
Financial Difficulties and Mental Health in a National Sample of British Undergraduate
Students. Community Mental Health Journal, 53(3), 344-352.

https://doi.org/10.1007/s10597-016-0052-0

Sahraeian, S., Khanahmadi, 1., & Sadeghiyeh, H. (2021). Pro-environmental behaviors

correlate with delay discounting. SocArXiv. September, 27.

Saunders, J. B., Aasland, O. G., Amundsen, A., & Marcus, G. (1993). Alcohol consumption
and related problems among primary health care patients: WHO Collaborative Project
on Early Detection of Persons with Harmful Alcohol Consumption—I. Addiction, 88(3),

349-362. https://doi.org/10.1111/j.1360-0443.1993.tb00822.x

Saunders, J. B., Aasland, O. G., Babor, T. F., De La Fuente, J. R., & Grant, M. (1993).
Development of the Alcohol Use Disorders Identification Test (AUDIT): WHO
Collaborative Project on Early Detection of Persons with Harmful Alcohol
Consumption-II. Addiction, 88(6), 791-804. https://doi.org/10.1111/5.1360-

0443.1993.tb02093.x

Schnier, K. E., & Anderson, C. M. (2006). Decision making in patchy resource



46

environments: Spatial misperception of bioeconomic models. Journal of Economic
Behavior & Organization, 61(2), 234-254.

https://doi.org/https://doi.org/10.1016/.jebo.2005.03.014

Sonuga-Barke, E. J. S., Taylor, E., Sembi, S., & Smith, J. (1992). Hyperactivity and Delay
Aversion—I. The Effect of Delay on Choice. Journal of Child Psychology and
Psychiatry, 33(2), 387-398. https://doi.org/https://doi.org/10.1111/j.1469-

7610.1992.tb00874.x

Stenros, J., Paavilainen, J., & Méiyr4, F. (2009). The many faces of sociability and social play
in games. Proceedings of the 13th International MindTrek Conference: Everyday Life in

the Ubiquitous Era, 82—89. https://doi.org/https://doi.org/10.1145/1621841.1621857

Story, G., Vlaev, 1., Seymour, B., Darzi, A., & Dolan, R. (2014). Does temporal discounting
explain unhealthy behavior? A systematic review and reinforcement learning
perspective . In Frontiers in Behavioral Neuroscience (Vol. 8, p. 76).

https://www.frontiersin.org/article/10.3389/fnbeh.2014.00076

Sussman, R., Lavallee, L. F., & Gifford, R. (2016). Pro-Environmental Values Matter in
Competitive but Not Cooperative Commons Dilemmas. The Journal of Social

Psychology, 156(1), 43-55. https://doi.org/10.1080/00224545.2015.1052362
Sutton, R. S., & Barto, A. G. (2018). Reinforcement learning: An introduction. MIT press.

Sze, Y. Y., Stein, J. S., Bickel, W. K., Paluch, R. A., & Epstein, L. H. (2017). Bleak Present,
Bright Future: Online Episodic Future Thinking, Scarcity, Delay Discounting, and Food
Demand. Clinical Psychological Science, 5(4), 683—697.

https://do1.0org/10.1177/2167702617696511

Taft, M. K., Hosein, Z. Z., Mehrizi, S. M. T., & Roshan, A. (2013). The relation between



47

financial literacy, financial wellbeing and financial concerns. International Journal of

Business and Management, 8§(11), 63.

Tarditi, C., Hahnel, U. J. J., Jeanmonod, N., Sander, D., & Brosch, T. (2018). Affective
Dilemmas: The Impact of Trait Affect and State Emotion on Sustainable Consumption
Decisions in a Social Dilemma Task. Environment and Behavior, 52(1), 33-59.

https://doi.org/10.1177/0013916518787590

Tice, D. M., Bratslavsky, E., & Baumeister, R. F. (2001). Emotional distress regulation takes
precedence over impulse control: If you feel bad, do it! Journal of Personality and

Social Psychology, 80(1), 53-67. https://doi.org/10.1037/0022-3514.80.1.53

Tisserand, J.-C., Hopfensitz, A., Blondel, S., Loheac, Y., Mantilla, C., Mateu, G., Rosaz, J.,
Rozan, A., Willinger, M., & Sutan, A. (2022). Management of common pool resources
in a nation-wide experiment. Ecological Economics, 201, 107566.

https://doi.org/https://doi.org/10.1016/j.ecolecon.2022.107566

Topp, C. W., Ostergaard, S. D., Sendergaard, S., & Bech, P. (2015). The WHO-5 Well-Being
Index: A Systematic Review of the Literature. Psychotherapy and Psychosomatics,

84(3), 167-176. https://doi.org/10.1159/000376585

Van Lange, P. A. M., Joireman, J., Parks, C. D., & Van Dijk, E. (2013). The psychology of
social dilemmas: A review. Organizational Behavior and Human Decision Processes,

120(2), 125-141. https://doi.org/https://doi.org/10.1016/j.0bhdp.2012.11.003



48

Supplemental Material A— Materials

Below is a detailed description of the experimental protocols for both experiments, including

screenshots of each stage of the procedure in each experiment.

Experiment 1

Participant information page and consent form:

Prior to completing the protocol, the participant needed to consent to participate. To do this,
each participant was shown the below Information Page. At the end of the page, they agreed
to several bullet points (e.g., that they knew they could quit at any point by closing the
experiment). The participant agreed to the consent form by clicking ‘Accept’ at the bottom of

the page.

Information Page

You are invited to take part in a research study. Below you will find a description of the study. Please
read it carefully and, if you are happy to continue with the study, click ‘Accept’ at the bottom of the

page.

What is the purpose of this study?

‘We are conducting research into how people make sequential decisions about rewards. This could help
us to understand how people make choices in their personal, family and occupational lives, and
possibly assist us in identifying ways to encourage people to make better decisions. No specific

knowledge or skills are required in order to participate in this experiment.

‘What is involved in the study?

‘We will ask you to play a simple game in which you have a series of opportunities to gather rewards
that you can later exchange for money. After that, we will ask you to make some additional choices
involving delays to hypothetical rewards, some background questions, and some questions about your
recent mood and alcohol use. None of your answers are personally identifiable. They are just included

to help understand our results.

What if I don’t want to take part?
It is up to you to decide whether or not you would like to participate in this study. Participation is

completely voluntary. You are free to withdraw from the study at any point without having to provide

any explanation. You can do this simply by closing the survey.



‘What will happen to my data?

‘We may use the results to write an academic paper. This and any other publications will not identify
you individually. All data collected will be treated in the strictest confidence. The data will be stored
securely for 7 years. If you choose to withdraw from the study and your data is identifiable to the
research team, you have the right to request that your data is not used. Learning about how people
manage resources could help us to find ways to assist vulnerable groups and, perhaps, develop

sustainability policies.

‘Who do I contact for further information?
If you have any questions or want to leave the study, please email: rdproblems@bangor.ac.uk. We will

do our best to answer your queries quickly.

Is there anything else I should know?
Since this study is considering individual responses, we can only let you complete the survey once. If
you take the survey more than once, you will only get paid for the first study. If you choose to leave the

study at any point, all of your data will be removed.

‘Who is running the study?

This survey is run by the School of Psychology (Bangor University).

The study has been approved by the university’s Psychology Research Ethics Committee (Study No:
2017-16211).

Dr Paul Rauwolf
Professor Robert D Rogers
School of Psychology
Brigantia Building

Bangor University

LLs57 2AS, UK

E-mail: rdproblems@bangor.ac.uk

Consent Form:
By clicking 'Accept’ below, you agree to the following:

+ I have read the information above and understand what is involved in the study.

+ I consent for my anonymised responses to be used in academic publications.

« Iunderstand that my participation is voluntary, that I am free to leave the study at any time, and that
if I do so, my data will be removed from the study

+ Tunderstand that I will only get paid for completing the questionnaire once.

+ Tunderstand that Bangor University may wish to audit anonymised data as part of research
governance.

« I agree to participate in the study.
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Participant demographic information:

Next, we asked participants some demographic questions.

Demographics

‘What is your Amazon Worker id (we need this to pay you):

Gender:
Male
Female

Other

‘Which option best describes your job?

‘What is your highest-level of education?
Some high school
High school diploma / GED
Some college
Undergraduate degree
Masters

PhD

Before we begin, we would like to ask you a few questions about yourself.
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Demographic questions

How happy do you feel right now?

Not at all [ONONONONONONONOCHONONONONONONS) Extremely

Next

Demographic questions

How alert do you feel right now?

Not at all [ONONONONONONONONONONONONONO NG I iy

Next

Instructions:

Before participants played the game, we offered a tutorial about how the game works and
what they were expected to do. We did not tell the participants the replenishment rate,
maximum number of rounds, or monetary value of each reward earned. Participants were

only told that they could earn a maximum of $3 for their play in the game.

Introduction

In this game, you will be offered a series of opportunities to collect points from a
central "pool’. At the end of the game, you will be able to exchange the total of all of the
points you have gathered for real money (up to a value of $3). This means you will
leave with your base pay of $1.50, plus a bonus, which is up to a value of an extra $3.

On each go, you can take as many or as few points as you like from the pool. Whatever
you gathered will be subtracted from the pool which may or may not then be increased
to recover some of its value, before your next go. The game will end once the pool falls
to zero. The total number of points you have collected will then be converted into
money (up to a value of $3) and added to your base pay of $1.50.

Before we have you play the game, we will offer a quick tutorial. Click 'Next' to begin
the tutorial.

Next




How does the game work?

The game consists of several opportunities.
Each opportunity is broken up into 2 parts.

First, you decide how many points to take from the pool.
Second, the pool may receive additional points.

Next

Training

Below is what you will see when you play the game. When you're ready, click the next
button and we'll explain what everything means.

How many points would you like to take?
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The blue highlighted area represents the pool of points.
You can collect points from this pool.

How many points would you like to take?

Next

Each opportunity, you can choose how many points you wish to take from the pool.
The blue highlighted box indicates how many points you will take on this go. You will
type a number into this box, and that amount will be removed from the pool and added
to your total points.

JHow many points would you like to take?|

53



After you select the amount of points you wish to take, you will need to wait a moment
while we:

1.) Gather your requested points
2.) Allow the pool to potentially increase

A red border, like the one below, will appear around the pool whilst we complete these

tasks. Usually this screen will disappear after a few seconds, but for training, we'll have

you click 'Next' when you are ready.

Next

Repeat

After you've collected points from the pool, and the pool has been allowed to increase,
you will receive another opportunity to collect points. These opportunities to collect
points will continue until the game ends.

Next

When does the game end?

The game ends when either:

1.) the pool reaches zero, or
2.) when you've had a number of opportunities to collect points.
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How much money do I win?

The amount of bonus money you win is based on the total number of points that you
gather throughout the game. More points equals more money. At the end of the game,
you will be able to exchange the total of all of the points you have gathered for real
money (up to a value of $3). This means you will leave with vour base pay of $1.50,
plus a bonus, which is up to a value of an extra $3. So, you could leave with up to
$4.50, if you complete the survey.

Next

What happens if the pool goes to zero quickly?

To start, if you deplete the pool quickly, then you will miss out on potential points, and
thus money!

Second, if the pool is depleted too quickly, then you will be penalized by having to wait
a specific period of time before continuing. You will have to wait up to 5 minutes
before you can continue the survey. After the game you will see a screen like the one
below. The 'Next' button will only become available after the counter hits zero. The
more rounds you make the pool last, the less time you have to wait.

Since you depleted the pool quickly, you must wait before proceeding.
When the time hits zero, click the 'Next' button to continue.

The rest of the survey will become available in:

04:37

Next

Questions to assess participant understanding:

Here, we asked participants three multiple-choice questions to assess their understanding of
the game. Participants could not continue past this page until they had selected the correct
answer for each of these questions. This page also contained all the instructions previously
given to the participant, to revise again if necessary. We haven’t included screenshots of this,

as the instructions are identical to those shown above.
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Test your knowledge

Before we begin the game, we want to make sure you understand how the game works.
Please check your knowledge with the questions below. The tutorial information is
listed below the questions, so if you are confused, please scroll down and reread the
tutorial.

Which of the following events occur during a round a play.

The pool of points decreases based on the amount you collect

The pool may increase a bit after you've collected points

The game ends if the pool reaches zero

All of the above

I win extra money based on:

The total number of points I collect from the pool during all opportunities

The size of the pool at the end of the game

How long I make the game last.

What happens if the pool goes to zero quickly?

Nothing

I will be penalized by having to wait up to 5 minutes before proceeding

I will be penalized by having to wait up to 1 minute before proceeding

Training Material
Below is a review of the training material you previously read. If you think you
answered the 'Check you knowledge' questions correctly, you can ignore this. Just

scroll to the bottom and click 'Next' to check whether your answers are correct.

If you get a question wrong, then feel free to review the training material below.

Playing the game:

Once they had answered the ‘Test your knowledge’ questions correctly, participants played
the game. In these screenshots, we show an example of a participant who lasted two rounds in

the game.



Time to start!

much you'd like to initially harvest.

Well done. Let's have you start playing the game. Click the Next button and enter how
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The resource always started at its maximum capacity of 60. Participants typed the number of

rewards they wanted to harvest into the text box, and then clicked ‘Next’ to harvest these

rewards.

How much would you like to harvest?

As an example, a participant might take 30 rewards from the resource in the first round.

| Next |




How much would you like to harvest?

30

Once the participant clicked ‘Next’, they would see this page for a couple of seconds.

The resource would then replenish by around 15%.

How much would you like to harvest?

| Next |

| Next |
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Perhaps, the participant might then choose to harvest the full amount of rewards contained in

the pool.

How much would you like to harvest?

33

| Next |

The resource would then be depleted to zero and would replenish no more.

Once the game finished, participants saw this page.

Game Over

Thank you, the game has finished. We will let you know how much money you earned
at the end of the survey.

Please click the 'Next' button to continue to a few post-game questions.
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As the participant in our example finished the game before round 50, they would have to wait

for a time penalty before they could continue.

Since you depleted the pool quickly, you must wait before proceeding.
‘When the time hits zero, click the 'Next' button to continue.

The rest of the survey will become available in:

04:56

Post-game reaction survey:

Next, we asked participants some questions about how they felt during and after the game.

Demographic questions

How happy do vou feel right now?

Demographic questions

How alert do vou feel right now?

Not at all [ONONONONONONCHNONONONONONONONG! Extremely

Next

Not at all [CNONONONONONONONONONONONONONG] Extremely

Next




Demographic questions

How bored did you feel during the game?

Notatal OO OO OOOO0OO0OO0OO0OO0O0OO0O0

Demographic questions
How rushed did you feel during the game?

Notatal O O OO OCOOOO0OO0OO0OO0O0O0O0

Demographic questions

How frustrated did you feel during the game?

Notatal OO OO OOO0OOO0OO0OO0OO0OO0O0O0

Demographic questions
How rushed did you feel during the game?

Netatal OO OO OQOOOCOOO0OO0OO0O0OO0O

Extremely

Next

Extremely

Extremely

Next

Extremely

Next
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Demographic questions

‘When playing the game, how important was it to collect points quickly?

Notatall O QO O OO O0OOOOO0OO0 OO0 Estemely

Demographic questions

When playing the game, how important was it to maintain a large pool of points?

Next

Notatal O O OO OOOO0OO0OO0O0O0OOO O Extemely

Demographic questions

‘When playing the game, how important was it maintain a pool

above zero so as to continue the game?

Next

Not at all [CNONOHNONOCHONONONONONONONONONGS] Extremely

Next
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Post-game understanding questions:

We asked participants about their understanding of the resource replenished in the game they

had just played.

A few more questions

Thank you for playing our game!
Before we let you go, we just have a couple more questions.

Please click 'Next' to continue.

Depending on how a participant answered the question below, they may have been asked one

additional question after this one.

Most of the time, after you collected points, the value of the pool increased. How do
you think the pool was increasing?

Please indicate which is true:
The value of the pool was increased completely randomly
The value of the pool was increased randomly, as a percentage of its current value
The value of the pool increased randomly, but by a fixed average amount
The pool always increased by a constant number

I don't know
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If a participant answered the first question ‘The value of the pool was increased randomly, as

a percentage of its current value,’ they were then asked this question:

If the pool increased as a percentage of its current value, how much did it increase each
round?

0%-10%

10%-20%
20%-30%
30%-40%

40%-50%

If a participant answered the first question ‘The value of the pool increased randomly, but by

a fixed average amount,’ they were then asked this question:

On average, how much did the pool increase each round?
0-3

4-6

~
i

N

=]

11-14

15-18

Next

Otherwise, the participant would only be asked the first question and then move on to the

next part of the survey.
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Individual characteristic measures:

We then asked participants to complete some questionnaires to measure their individual
characteristics. Data for this experiment was collected in two waves. In the first wave, 200
participants completed the (i) EDso (Cox & Dallery, 2016), (ii) GHQ-12 (Goldberg et al.,
1997), (iii) AUDIT (Reinert & Allen, 2002); and (iv) WHO-5 (Topp et al., 2015). In the
second wave, 200 participants completed the elicitations for: (i) ED50 and (ii) financial

literacy (OECD; Conkova, 2014).

Therefore, the procedure for the two waves differed a little for this part of the experiment.
However, both waves started off this part of the experiment by completing the EDso, a

measure of delay discounting.
EDso task:

In the EDso task (Koffarnus & Bickel, 2014), participants are presented with five consecutive
choices, where they indicate whether they would prefer $500 now or $1000 after some delay.
If the participant chooses the immediate sum of $500 in one round, the delay for the $1000
sum is decreased for the next choice. Likewise, if the participant chooses the delayed $1000
sum in one round, the delay is increased for the following round. By the fifth round, through
adjusting the delay for the later reward according to a participant’s choices, we find the point
at which the participant subjectively devalues the later sum by 50%. The EDs¢ score is
determined by the participant’s choice in the fifth round of the task. Of note, for each

question, we randomized the order of the $500 and $1000 choice.

Below, we give an example play-through of the first two choices a participant might make in

the task.



Now we would like to show you a series of decision situations relating to
money. These are hypothetical, but please choose your answer as if you
will receive the money in the time frame selected. Please pay close
attention to the amount and time frame of each option, and choose
accordingly. There are no right or wrong answers in this task. Please take
your time.

Next

All participants started the task with the following hypothetical decision:

Which would you rather have?

$1000 $500
in 3 weeks now

A participant may, for example, prefer the delayed sum here.

Which would you rather have?
$1000 $500
in 3 weeks now

Next

The delay for the $1000 sum is then increased for the next decision.

Which would you rather have?

$1000 $500
in 2 years now

The participant may then prefer the immediate sum in this decision.
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Which would you rather have?
$1000 $500
in 2 years now

Next

The delay for the $1000 sum is then reduced for the next round.

Which would you rather have?

$1000 $500
in 4 months now

At this point, the two versions of the survey (used in the two waves of data collection)
diverge. The following (up to the ‘Game Over’ end of survey message) is the procedure used

for the first wave of data collection.
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Wave 1: General Health Questionnaire — short form version (GHQ-12)

Here, participants completed the GHQ-12 (Goldberg et al., 1997), a short form, twelve-item
version of the The General Health Questionnaire (GHQ); (Goldberg & Blackwell, 1970)
developed to help identify psychological distress. Each item is scored from 0 (“better than

usual”) to 3 (“much less than usual®).

In the next few questions we would like to know if you have experienced any medical

complaints, and how your health has been in general in the last few weeks.

Over the last few weeks, have you been able to concentrate on what you're doing?

much less than

better than usual same as usual less than usual usual

Over the last few weeks, have you felt you are playing a useful part in things?

much less than

better than usual same as usual less than usual B

Over the last few weeks, have you felt capable of making decisions about things?

much less than

better than usual same as usual less than usual usual

Over the last few weeks, have you been able to enjoy your normal day-to-day activities?

much less than

better than usual same as usual less than usual
usual




Over the last few weeks, have you been able to face up to your problems?

much less than

better than usual same as usual less than usual usual

Over the last few weeks, all things considered have you been feeling reasonably happy?

much less than

better than usual same as usual less than usual
usual

Over the last few weeks, have you lost much sleep because of worry?

much less than

better than usual same as usual less than usual
usual

Over the last few weeks, have you felt constantly under strain?

much less than

better than usual same as usual less than usual
usual

Over the last few weeks, have you been feeling unhappy and depressed?

much less than

better than usual same as usual less than usual
usual

Over the last few weeks, have you been losing confidence in yourself?

much less than

better than usual same as usual less than usual
usual

Over the last few weeks, have you been thinking of yourself as a worthless person?

much less than

better than usual same as usual less than usual
usual
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Wave 1: Alcohol Use Disorders Identification Test (AUDIT):

The AUDIT is a 10-item questionnaire to assess harmful alcohol use (Saunders et al., 1993).
All items are scored from 0 — 4. The final two items are scored 0 for ‘No,’ 2 for ‘Yes, but not

in the past year,” and 4 for ‘Yes, during the past year.’

Finally, here are few questions about your alcohol use. Please select the answer that is -
correct for you

. . Half pint of Half )
This is one unit “reguiar” amall Tsingle L jsingle
beer, | sasure
of alcohol... e Glaseof of spirits sharry aperitfs
...and each of ' @ & i a Y ﬂ
these Is more
than one unit Pint of Pimf 440mican  4domican  250mI
“regular” of ‘regular”  of “super  glassof Bomauf
beer, prumlum" 275m| lageror strength” wine wine
lageror  beer,lager  bottleof cider lager a2 A2%)
cider or cider regular
lager
How often do you have a drink containing alcohol?
Nev Monthly or 2-4 times a 2-3 times a 4 or more
ever less month week times a week

How many standard drinks containing alcohol do you have on a typical day when drinking?

1or2 jor4 50r6 7tog 10 or more

How often do you have six or more drinks on one occasion?

Less than Daily or

Never ol Monthly Weekly almost daily




During the past year, how often have you found that you were not able to stop drinking once

you had started?

Daily or

Less than
Monthly Weekly almost daily

Wiz monthly

During the past year, how often have you failed to do what was normally expected of you

because of drinking?

Daily or

Less than
Never Monthly Weekly allmastt GhiTly

monthly

During the past year, how often have you needed a drink in the morning to get yourself

going after a heavy drinking session?

Less than Daily or
Never monthly Monthly Weekly almost daily

During the past year, how often have you had a feeling of guilt or remorse after drinking?

Daily or

Less than
Monthly Wiy almost daily

ey monthly

During the past year, have you been unable to remember what happened the night before

because you had been drinking?

Daily or

Less than
Never Monthly Weekly e @kl

monthly

Have you or someone else been injured as a result of your drinking?

Yes, but not in the past

No P Yes, during the past year

Has a relative or friend, doctor or other health worker been concerned about your drinking

or suggested you cut down?

Yes, but not in the past

e Yes, during the past year

71



Wave 1: World Health Organization Five Well-Being Index (WHO-5):

Here, participants completed the WHO-5 (Topp et al., 2015), a short-report measure of

subjective well-being. Items are scored from 0 (“All of the time”) to 5 (“At no time”).

WHO (Five) Well-Being Index

Please indicate for each of the five statements which is closest to how you have been feeling over the

last two weeks.

More
than half  Less than
All of the Most of of the half of Some of Atno
time the time time the time the time time

I have felt cheerful and
in good spirits o o o o o o
I have felt calm and
relaxed o o o o o o
I have felt active and
vigorous ) o o ) o o
I woke up feeling fresh
and rested o o o o o o
My daily life has been
filled with things that O (@] O (@) O O

interest me

Next




Wave 1: End of survey page:

Finally, the participants were thanked for taking part and shown a summary of their game

stats and money earned.

Game Over

Thank you, again! You have completed the survey.

Your completion code is: 3361

Please enter this code into the MTurk Hit.

Below are a summary of your stats. Based on your play, you will receive an extra
$0.32 as a bonus on top of the $1.50 you receive for participating (you received
$0.005 per point).

Summary:
Opportunities taken: 2
Total points gathered: 63

Points left in pool: 0

Thank you for playing and participating in the study!
We will sort out your payment shortly.

See the following pages for the procedure in wave 2.
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After the EDso, the two versions of the survey (used in the two waves of data collection)

diverge. The following is the rest of the procedure for the second wave of data collection.
Wave 2: OECD Financial Literacy Survey:

Instead of completing the GHQ-12, AUDIT, and WHO-5 questionnaires, participants in the
second wave of data collection completed a short form version of the Organisation for
Economic Co-operation and Development (OECD) financial literacy survey (Conkova,

2014). Items were scored from 1 (“disagree”) to 5 (“agree”).

Finally, we would like to ask you a few questions about you think about money and
financial matters. For the next few questions, please let us know how much you agree
or disagree with the following statements.

I pay my bills on time

disagree O O O O O agree

I carefully monitor my accounts

disagree O O O O O agree

I set long term goals and try to achieve them.

disagree [ONONONONO)] agree

Did you invest or save last year?

disagree O O O O O agree

I am responsible and prepare my personal budget

disagree [ONONONONO)] agree




I find it more satisfying to spend money than to save it for the long term

disagree OO OO0 agee

I tend to live for today and let tomorrow take care of itself

disagree O O O O O agree

Money is there to be spent

disagree OO00O00 agree

I choose financial products after gathering adequate information

disagree OO OO0 agree
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Wave 2: End of survey page:

Finally, just as in the first wave of data collection, the participants were thanked for taking

part and shown a summary of their game stats and money earned.

Game Over

Thank you, again! You have completed the survey.

Your completion code is; 9046

Please enter this code into the MTurk Hit.

Below are a summary of your stats. Based on your play, you will receive an extra
$0.30 as a bonus on top of the $1.50 you receive for participating (you received
$0.005 per point).

Summary:
Opportunities taken: 1
Total points gathered: 60

Points left in pool: 0

Thank you for playing and participating in the study!
We will sort out your payment shortly.
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Experiment 2:

Participant information page and consent form:

Prior to completing the protocol, the participant needed to consent to participate. To do this,
each participant was shown the below Information Page. At the end of the page, they agreed
to several bullet points (e.g., that they knew they could quit at any point by closing the
experiment). The participant agreed to the consent form by clicking ‘Accept’ at the bottom of

the page.

Information Page

You are invited to take part in a research study. Below you will find a description of the study. Please read it

carefully and, if you are happy to continue with the study, click ‘Accept’ at the bottom of the page.

What is the purpose of this study?

We are conducting research into how people make sequential decisions about rewards. This could help us to
understand how people make choices in their personal, family and occupational lives, and possibly assist us
in identifying ways to encourage people to make better decisions. No specific knowledge or skills are required

in order to participate in this experiment.

What is involved in the study?
We will ask you to play a simple game in which you have a series of opportunities to gather rewards that you
can later exchange for money. After that, we will ask you a few background questions and questions about

your reward preferences and reactions to the game.

What if I don’t want to take part?
It is up to you to decide whether or not you would like to participate in this study. Participation is completely

voluntary. You are free to withdraw from the study at any point without having to provide any explanation.

You can do this simply by closing the survey.



‘What will happen to my data?

‘We may use the results to write an academic paper. This and any other publications will not identify you
individually. All data collected will be treated in the strictest confidence. The data will be stored securely for 7
years. If you choose to withdraw from the study and your data is identifiable to the research team, you have
the right to request that your data is not used and destroyed (as long as data analysis has not begun).
Learning about how people manage resources could help us to find ways to assist vulnerable groups and,

perhaps, develop sustainability policies.

‘Who do I contact for further information?
If you have any questions or want to leave the study, please email: p.rauwolf@bangor.ac.uk. We will do our

best to answer your queries quickly.

Is there anything else I should know?
Since this study is considering individual responses, we can only let you complete the survey once. If you take
the survey more than once, you will only get paid for the first study. If you choose to leave the study at any

point, all of your data will be destroyed.

‘Who is running the study?

This survey is run by the School of Psychology (Bangor University).

The study has been approved by the university’s Psychology Research Ethics Committee (Study No: 2017-

16211).

Dr Paul Rauwolf
Professor Robert D Rogers
School of Psychology
Brigantia Building

Bangor University

LL57 2AS, UK

E-mail: p.rauwolf@bangor.ac.uk
Consent Form:
By clicking 'Accept’ below, you agree to the following:

+ T have read the information above and understand what is involved in the study.

+ I consent for my anonymised responses to be used in academic publications.

« Tunderstand that my participation is voluntary, that I am free to leave the study at any time, and that if I
do so, my data will be removed from the study

« Tunderstand that I will only get paid for completing the questionnaire once.

« Tunderstand that Bangor University may wish to audit anonymised data as part of research governance.

« 1 agree to participate in the study.
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Participant demographic information:

Here, we asked participants a couple of demographic questions (gender and age).

Demographics
Thank you for choosing this survey.

Before we begin, we would appreciate if you would tell us a bit about yourself.

What is your gender?

O Male
O Female

O Prefer not to say

O Other:

What is your age?

[ ]
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Instructions:

Before participants played the game, we offered a tutorial about how the game works and
what they were expected to do. We did not tell the participants the replenishment rate,
maximum number of rounds, or monetary value of each reward earned. Participants were
only told that they could earn a maximum of $3 in each game (participants also played a

multi-player version of the game, but this is beyond the scope of this paper).

Introduction

In this survey you will play two games, a single-player game and a multi-partner game. In
each game you will be offered a series of opportunities to collect points from a central 'pool'.
At the end of each game, you will be able to exchange the total of all of the points you have
gathered for real money. In each game you could earn up to a value of $3. Since there are
two games, this means you will leave with your base pay of $0.75, plus a bonus, which is up

to a value of an extra $6.

Before we have you play the first, single-player game, we will offer a quick tutorial. Click

'Next' to begin the tutorial.

How does the single-player game work?

The game consists of several opportunities.

Each opportunity is broken up into 2 parts:

® First, you decide how many points to take from the pool.

® Second, the pool may receive additional points.




Training

Below is what you will see when you play the game. When you're ready, click the next

button and we'll explain what everything means.

How many points would you like to take?

The blue highlighted area represents the pool of points.

You can collect points from this pool.

How many points would you like to take?
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Each opportunity, you can choose how many points you wish to take from the pool. The
blue highlighted box indicates how many points you will take on this go. You will type a

number into this box, and that amount will be removed from the pool and added to your

total points.

|How many points would you like to take?]

After you select the amount of points you wish to take, you will need to wait a moment while
we:
1.) Gather your requested points

2.) Allow the pool to potentially increase
A red circle, like the one below, will appear around the pool whilst we complete these tasks.

Usually this screen will disappear after a few seconds, but for training, we'll have you click

'Next' when you are ready.

Repeat
After you've collected points from the pool, and the pool has been allowed to increase, you will

receive another opportunity to collect points. These opportunities to collect points will continue until

the game ends.
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When does the game end?
The game ends when either:

1.) the pool reaches zero, or

2.) when you've had a number of opportunities to collect points.

How much money do I win?

The amount of bonus money you win is based on the total number of points that you gather

throughout each game. More points equals more money.

You could earn up to $3 in bonus cash.

‘What happens if the pool goes to zero quickly?

To start, if you deplete the pool quickly, then you will miss out on potential points, and thus

money!

Second, if the pool is depleted too quickly, then you will be penalized by having to wait a
specific period of time before continuing. You will have to wait up to 5 minutes before you
can continue the survey. After the game you will see a screen like the one below. The 'Next'
button will only become available after the counter hits zero. The more rounds you make

the pool last, the less time you have to wait.

Since you depleted the pool quickly, you must wait before proceeding.

‘When the time hits zero, click the 'Next' button to continue.

The rest of the survey will become available in:

04:37
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Questions to assess participant understanding:

Here, we asked participants four multiple-choice questions to assess their understanding of
the game. Participants could not continue past this page until they had selected the correct
answer for each of these questions. This page also contained all the instructions previously
given to the participant, to revise again if necessary. We haven’t included screenshots of this,

as the instructions are identical to those shown above.

Test your knowledge

Before we begin the game, we want to make sure you understand how the game works.
Please check your knowledge with the questions below. The tutorial information is listed

below the questions, so if you are confused, please scroll down and reread the tutorial.

Which of the following events occur during a round a play.

O The pool of points decreases based on the amount you collect
O The pool may increase a bit after you've collected points
O The game ends if the pool reaches zero

O All of the above

I win extra money based on:

O The total number of points I collect from the pool during all opportunities
O The size of the pool at the end of the game

O How long I make the game last.
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What happens if the pool goes to zero quickly?

O Nothing
O I will be penalized by having to wait up to 5 minutes before proceeding

O I will be penalized by having to wait up to 1 minute before proceeding

How do you avoid a time penalty?

O By making the pool of points last longer

O You can't

Training Material
Below is a review of the training material you previously read. If you think you answered the
'Check you knowledge' questions correetly, you can ignore this. Just scroll to the bottom

and eclick 'Next' to check whether your answers are correct.

If you get a question wrong, then feel free to review the training material below.

Playing the game:

Once they had answered the ‘Test your knowledge’ questions correctly, participants played
the game. In these screenshots, we show an example of a participant who lasted two rounds in

the game.

Time to start!

Well done. Let's have you start playing the game. Click the Next button and enter how many

points you'd like to initially collect.
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The resource always started at its maximum capacity of 60. Participants typed the number of
rewards they wanted to harvest into the grey box, and then clicked ‘Next’ to harvest these

rewards.

How many points would you like to take?

Timing

These page timer metrics will not be displayed to the recipient.
First Click  0.522 seconds
Last Click 1.048 seconds

Page Submit 0 seconds
Click Count 2 clicks




As an example, a participant might take 15 rewards from the resource in the first round.

How many points would you like to take?

15

Timing
These page timer metrics will not be displayed to the recipient.

First Click 0.522 seconds
Last Click 7.156 seconds
Page Submit 0 seconds
Click Count 4 clicks

Once the participant clicked ‘Next’, they would see this page for a couple of seconds.

Timing

These page timer metrics will not be displayed to the recipient.
First Click 0 seconds
Last Click 0 seconds

Page Submit 0 seconds
Click Count O clicks
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The resource would then replenish by around 15%.

How many points would you like to take?

Timing

These page timer metrics will not be displayed to the recipient.
First Click O seconds
Last Click 0 seconds

Page Submit 0 seconds
Click Count O clicks
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Perhaps, the participant might then choose to harvest the full amount of rewards contained in

the pool.

How many points would you like to take?

52

Timing

These page timer metrics will not be displayed to the recipient.
First Click  1.241 seconds
Last Click 12.202 seconds

Page Submit 0 seconds
Click Count 2 clicks

The resource would then be depleted to zero and would replenish no more.

Timing

These page timer metrics will not be displayed to the recipient.
First Click 0 seconds
Last Click 0 seconds

Page Submit 0 seconds
Click Count 0 clicks
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Once the game finished, participants saw this page, with a summary of how they played and

how much money they earned.

Game Over

Thank you, the game has finished. Below are a summary of your stats. Based on your play,

you will receive an extra $0.34 as a bonus (you received $0.005 per point).
Summary:

Opportunities lasted: 2

Total points gathered: 67

Number of points left in the pool: 0

Please click the 'Next' button to continue .

As the participant in our example finished the game before round 50, they would have to wait

for a time penalty before they could continue.

Since you depleted the pool quickly, vou must wait before proceeding.
‘When the time hits zero, click the '"Next' button to continue.

The rest of the survey will become available in:

04:43
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Multi-partner game:

In Experiment 2, participants also played a multi-player version of the game. However, this is
beyond the scope of this paper, and so we do not include further screenshots of this game

here.

Multi-partner game

Now you will play a multi-player game with 3 computer partners. In the game you will be
offered a series of opportunities to collect points from a central 'pool'. At the end of each
game, you will be able to exchange the total of all of the points you have gathered for real
money (up to a value of $3). This means you will leave with your base pay of $0.75, plus

the bonus from the first single player game, and then the bonus from this game.

Before we have you play the game, we will offer a quick tutorial. Click 'Next' to begin the

tutorial.

Questionnaires:

After finishing the multi-partner game, participants were asked to complete two short

questionnaires: the EDso task and the Alcohol Use Disorders Identification Test.

Almost done
Thank you! You are almost done. But, before we stop. we are going to ask you to take 2 very short
questionnaires. One will ask you five questions about future rewards. The second will ask you a bit

about your alcohol usage. Please click the next button when you are ready.
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EDso task:

In the EDs task (Koffarnus & Bickel, 2014), participants are presented with five consecutive
choices, where they indicate whether they would prefer $500 now or $1000 after some delay.
If the participant chooses the immediate sum of $500 in one round, the delay for the $1000
sum is decreased for the next choice. Likewise, if the participant chooses the delayed $1000
sum in one round, the delay is increased for the following round. By the fifth round, through
adjusting the delay for the later reward according to a participant’s choices, we find the point
at which the participant subjectively devalues the later sum by 50%. The EDs score is
determined by the participant’s choice in the fifth round of the task. Of note, for each

question, we randomized the order of the $500 and $1000 choice.

Below, we give an example play-through of the first two choices a participant might make in

the task.

You will now be presented with a series of decision situations relating to money. These are
hypothetical, but please choose your answer as if you will receive the money in the time frame
selected. Please pay close attention to the amount and time frame of each option, and choose

accordingly. There are no right or wrong answers in this task. Please take your time.




All participants started the task with the following hypothetical decision:

Which would you rather have?

$500 $1000
now in 3 weeks
O O

Timing

These page timer metrics will not be displayed to the recipient.
First Click  1.063 seconds
Last Click 1.053 seconds

Page Submit 0 seconds

Click Count 1 clicks

A participant may, for example, prefer the delayed sum here.

Which would you rather have?

$500 $1000
now in 3 weeks
O O}

Timing

These page timer metrics will not be displayed to the recipient.
First Click 1.053 seconds
Last Click 7.197 seconds

Page Submit 0 seconds
Click Count 3 clicks
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The delay for the $1000 sum is then increased for the next decision.

Which would you rather have?

$500 $1000
now in 2 years
O O

Timing

These page timer metrics will not be displayed to the recipient.
First Click 0 seconds
Last Click 0 seconds

Page Submit 0 seconds
Click Count O clicks

The participant may then prefer the immediate sum in this decision.

Which would you rather have?

$500 $1000
now in 2 years
@® O

Timing
These page timer metrics will not be displayed to the recipient.

First Click 4566 seconds
Last Click 7.978 seconds
Page Submit 0 seconds
Click Count 3 clicks

The delay for the $1000 sum is then reduced for the next round.

Which would you rather have?

$1000 $500
in 4 months now
O O

Timing

These page timer metrics will not be displayed to the recipient.
First Click 0.533 seconds
Last Click 0.533 seconds

Page Submit 0 seconds
Click Count 1 clicks
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Alcohol Use Disorders Identification Test (AUDIT):

The AUDIT is a 10-item questionnaire to assess harmful alcohol use (Saunders et al., 1993).
All items are scored from 0 — 4. The final two items are scored 0 for ‘No,’ 2 for ‘Yes, but not

in the past year,” and 4 for ‘Yes, during the past year.’

Please select the answer that is correct for you

PP N Halfpint of Half "
This is one unit “ragular” plaviig 1single 1 small g ot
of alcohol beer,lager alass of - Sy apert
- orcider wine of spirits sherry aperitits
...and each of @ & E a Y
these is more o
than one unit Pintof Pitof  Alcopop  4domican  440mican  250mi 750l
“regular”  “strong” or ora of ‘regular”  of “super  glassef  Bottleof
L T AT =
ager or eer, lager e i
cider or cider regular eiaer fager (1Z%) 2%
lager

How often do you have a drink containing alcohol?

. . 4 or more
Monthly or 2-4 times 2-3 times .
Never times a
less a month a week
week

How many standard drinks containing alcohol do you have on a typical day

when drinking?

lor2 3or4 5 or 6 7t09 10 or more

@) @) @) @) @)




How often do you have six or more drinks on one occasion?

Daily or
Less than
Never Monthly Weekly almost
monthly )
daily
O O O O O

During the past year, how often have you found that you were not able to stop

drinking once you had started?

Daily or
Less than
Never Monthly Weekly almost
monthly .
daily
O O O O O

During the past year, how often have you failed to do what was normally

expected of you because of drinking?

Daily or
Less than
Never Monthly Weekly almost
monthly .
daily
O O O o o

During the past year, how often have you needed a drink in the morning to get

yourself going after a heavy drinking session?

Daily or
Less than
Never Monthly Weekly almost
monthly )
daily
@) @) O @) @)

During the past year, how often have you had a feeling of guilt or remorse after
drinking?

Daily or
Less than
Never Monthly Weekly almost
monthly .
daily
O O @] O O

During the past year, have you been unable to remember what happened the

night before because you had been drinking?

Daily or
Less than
Never Monthly Weekly almost
monthly )
daily

O O o o O
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Have you or someone else been injured as a result of your drinking?

o Yes, but not in the past Yes, during the past
year year
O O O

Has a relative or friend, doctor or other health worker been concerned about

your drinking or suggested you cut down?

i Yes, but not in the past Yes, during the past
year year
@) @) O

End of survey page:

Finally, the participants were thanked for taking part and shown a summary of their game

stats and money earned.

Game Over

Thank you, again! You have completed the survey.

Your completion code is: 3239

Please enter this code into the MTurk Hit.

Just a reminder, below are a summary of your stats. Based on your play, you will
receive an extra $1.4 as a bonus on top of the $0.75 you receive for participating
(you earned $0.34 for the first game, and $1.06 for the second).

Summary
First Game:
Opportunities taken: 2
Total points gathered: 67
Points left in pool: 0
Second Game:
Opportunities taken: 1
Total points gathered: 213
Points left in pool: 0

Thank you for playing and participating in the study!
We will sort out your payment shortly.
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Supplemental Material B — Calculating the optimal policy of the resource management

game

In the resource management game, the participants’ objective was to harvest as many points
as possible over the duration of the game. As participants in our experiment did not know the
duration of the game, they had to maximise this cumulative reward over an indefinite time
period. Thus, a sensible strategy would be to take modest harvests from the resource,
allowing the resource to replenish to its maximum level each round and maximising the
rewards available in future rounds. However, the stochastic nature of the resource’s
replenishment rate added an extra layer of complexity to participants’ harvest decisions,
increasing uncertainty about potential future rewards in the game. The optimal strategy for

the game is, therefore, not immediately obvious.

To determine the optimal strategy, we modelled decisions in the game using a Markov
Decision Process (MDP; Bellman, 1957a; Sutton & Barto, 1998). A MDP is a mathematical
framework used to model Markov sequential decision-making problems with stochastic
elements, such as the resource management game. A MDP represents a game as a set of
states, actions, rewards, and transition probabilities. Using this framework for the resource
management game, the states correspond to the possible levels of the resource, the actions
correspond to the possible harvest amounts, the rewards correspond to the points gained from
each harvest, and the transition probabilities correspond to the probabilities of the resource
replenishing to each possible resource level, based on its current level and the replenishment

rate.
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More specifically, in the case of the resource management game, there are 61 possible states,
since the resource can hold a value of any integer in the range: [0, 60]. If the current value of
the resource is defined as v, then, at any given round, the action set available to a participant
is defined as an integer in the range: [0, v]. The participant can harvest any value of the
resource between zero and the current value of the resource. The reward received for each
action is defined as the amount harvested by that action. Finally, the transition probability
represents the likelihood of transitioning to a specific state (s ) given that a participant was in

a state (s) and took the action to harvest a certain amount (a): P(s’

s, a). For example, in one
round of play, if the resource contained 60 points (its current state: s), and the participant
harvested 20 points (the action: @), the participant would receive 20 points (the reward), and
the resource would be depleted to 40 points. Before the next round, the resource would
replenish by some amount and transition to a new state. The probability of transitioning to
each of the 61 possible states is given by the transition probabilities. In this example, the
probability of transitioning from 40 points to 40 points or below would be zero, as the
resource in our game always replenished by at least 1 point unless it had been depleted to
zero. As the replenishment rate was taken from a Gaussian distribution with mean = 15%, the

most probable new state would be 46 points (40 x 1.15 = 46).

By considering all possible states, actions, and their corresponding transition probabilities, we
can use dynamic programming to determine the optimal policy, which specifies the action to
take in each state that maximizes cumulative rewards (Bellman, 1957b). We can do this for
the resource management game whether we model the game as a finite horizon problem, with
a definitive end point, or as an infinite horizon problem, with no end point. As participants in
our experiment did not know the duration of the game, to accumulate a large sum of points

over the 70 rounds of the game they had to use a strategy which sustained the resource
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indefinitely. Therefore, we first chose to model the game as an infinite horizon problem and
used value iteration to find a policy optimised to maximise rewards for a duration much

longer than the actual duration of our game.

Value iteration

When the resource management game is modelled as an infinite-horizon problem, the optimal
policy can be determined using value iteration. The value iteration algorithm uses the
Bellman equation to iteratively calculate and update the value of each state, considering both
immediate rewards and the expected cumulative rewards of future states (Puterman, 1994).
An important parameter in this calculation is the discount rate, y, which determines the extent
to which the policy is optimised for immediate versus long-term rewards. y can be any value
between 0 and 1, and as y approaches 1, the algorithm discounts future rewards less strongly
and therefore generates an optimal policy that is more focused on long-term outcomes
(Sutton & Barto, 1998). We used the mdp value iteration tunction in the MDPtoolbox
package in R to find the optimal harvest at each possible resource value in order to maximize
the expected cumulative reward in the game. We used a discount factor of y =.99999 so that
the algorithm discounted future rewards less, encouraging it to produce a policy which was

optimised for long-term outcomes.

Looking at the optimal policy produced by the value iteration algorithm, long-term
cumulative rewards can be maximised by applying an Aim for 51 strategy. If the resource
level is above 51 points, long-term cumulative rewards are maximised by harvesting such that

the resource is depleted to 51 points (before it is replenished ready for the following round).
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If the resource level has a value of 51 points or less, it is best to harvest zero resources and

allow the resource to grow until it contains more than 51 points.

This strategy does make intuitive sense. As the game was played over an unknown-horizon,
the most important priority was to sustain the resource close to its maximum level to
maximise the expected future rewards. However, as long as this was achieved, the next most
important priority was to take as many points as possible each round. Given that the resource
replenished as a percentage of its current value (each round the replenishment rate was taken
from a Gaussian distribution with a mean of 15% and a standard deviation of 3%), the larger
the resource the more rewards would replenish (e.g. a resource of 20 would replenish 3
rewards on average, whilst a resource of 40 would replenish 6 rewards on average). However,
since the resource could not grow above 60 points, it would be sub-optimal to harvest such
that resource replenishment would overshoot the 60-point ceiling. For example, if the
resource was at 60, harvesting 1 would only garner 1 reward and the resource would
replenish to 60 with 100% likelihood. If one harvested 2, then they would receive 2 rewards,
and the resource would replenish to 60, 99.994% of the time. Thus, if the resource has a value
of 60, harvesting 2 is better than harvesting 1, since the participant will receive twice the
reward and likely end up in the same state for the following round. In this resource
management game, aiming for 51 strikes the perfect balance between harvesting as many
points as possible while still allowing the resource to replenish close to its maximum level

each round.

R code for creating and running the MDP can be found at:

https://osf.io/8b7av/?view_only=075259b34db4412cbf859562cf384eed



https://osf.io/8b7av/?view_only=075259b34db4412cbf859562cf384eed
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Backward induction

Although the duration of our resource management game was unknown to participants, the
game did have a definitive duration of 70 rounds (as long as the resource wasn’t depleted to
zero before then). Therefore, it could be appropriate to treat the game as a finite horizon
problem. This method determines the optimal policy for a player that knows the duration of
the game and would therefore produce an optimal policy that achieves the upper limit of

performance in the game.

We used backward induction (Puterman, 1994) to find this optimum policy. The backward
induction algorithm starts at the final round of the game and finds the optimal action to take
for each possible state at this last round. The algorithm then works backwards from there and
considers the second-to-last round, finding the optimal action for each state given the
previously determined optimal action for the last round given the transition probabilities. It
continues this process of finding the optimal action for each round and state until it reaches

the first round of the game, and the optimal action for each round has been determined.

Using the mdp_finite_horizon function in the MDPtoolbox package in R, we found that the
optimal policy generated using backward induction was identical to that generated through
value iteration for all rounds but round 70 — the final round of the game. From round 1 to 69,
the strategy which maximised cumulative rewards was Aim for 51. However, the best action
in round 70 would be to take all remaining points in the resource. This strategy also makes
sense intuitively. In the final round, the game is going to end anyway, so the best way to
maximise rewards is to take all remaining points. However, up to this point, the optimal

policy would be to harvest as many points as possible while allowing the resource to
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replenish close to its maximum level each round. By doing this, the maximum possible

number of points would be available for harvest in the final round.

It is noteworthy that, aside from the final round, the optimal policies generated by both the
value iteration and backward induction algorithms were identical. It demonstrates that, unless
the player knew that the current round of the game was the final round, the optimal strategy
would be to harvest such that the resource was depleted to 51 points before it replenished for
the next round. Participants in our experiment had no information about the duration of the
game and, therefore, the most successful participants should have treated the game as an
infinite horizon problem, where each round they took as many points as possible while still

allowing the resource to replenish close to its maximum level.

R code for running the finite horizon MDP can be found at:

https://osf.io/8b7av/?view_only=075259b34db4412cbf859562cf384eed



https://osf.io/8b7av/?view_only=075259b34db4412cbf859562cf384eed
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Supplemental Material C — Evaluating parametric assumptions

To analyse the effects of health risk factors on resource management outcomes, we wanted to
evaluate whether each health risk factor predicted either a.) rounds lasted, or b.) rewards
gathered. To do this, we considered running linear regressions. However, prior to this, we
needed to evaluate whether our data met the assumptions of linear regression. Linear
regressions assume that the residuals of a model are a.) normally distributed and b.) do not
exhibit heteroskedasticity. For each potential regression, we ran a Kolmogorov-Smirnov test
to see if the residuals of the model were normally distributed. Further, we ran a Breusch-
Pagan test to evaluate whether the residuals exhibited heteroskedasticity. Below is the
analysis for both Experiment 1 and 2. Several of the regressions did not meet the

assumptions, so we decided to analyse the data with non-parametric measures.

Experiment 1

Harmful alcohol use: A regression with harmful alcohol use as the independent variable and

rewards gathered as the dependent variable showed that the residuals were not normally
distributed (Kolmogorov-Smirnov: D(200) = 0.61, p = 2.2x107!) and demonstrated
heteroskedasticity (Breusch-Pagan = 10.89, p =.0001). When a regression evaluated whether
harmful alcohol use predicted rounds lasted, the residuals were not normally distributed
(D(200) = 0.48, p = 2.2x10°'®), though there was little evidence of heteroskedasticity (BP =

2.27,p = .132).

Delay discounting: When evaluating the effects of delay discounting on rewards gathered, the

residuals were not normally distributed (D(400) = 0.66, p = 2.2x107'%) and showed

heteroskedasticity (BP = 13.97, p = .0002). The residuals for delay discounting and rounds
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lasted exhibited non-normality (D(400) = 0.48, p = 2.2x107'%) and heteroskedasticity (BP =

20.37, p = 6.39x10°).

Psychological distress: When considering the association between psychological distress and

rewards gathered, the residuals were not normally distributed (D(200) = 0.65, p = 2.2x107!6),
but there was little evidence of heteroskedasticity (BP = 1.80, p = .18). The residuals when
evaluating rounds lasted exhibited non-normality (D(200) = 0.49, p = 2.2x10°'®) but no

heteroskedasticity (BP = 1.41, p = .235).

Well-being: The residuals for well-being and rewards gathered were not normally distributed
(D(200) = 0.64, p = 2.2x10°'%), but there was little evidence of heteroskedasticity (BP = 0.26,
p = .612). When evaluating rounds lasted with well-being, the residuals exhibited non-

normality (D(200) = 0.48, p = 2.2x10°'%), but not heteroskedasticity (BP = 0.59, p = .442).

Financial Literacy: The residuals for financial literacy and rewards gathered were not

normally distributed (D(200) = 0.65, p = 2.2x107'%) but did not display heteroskedasticity (BP
=0.15, p = .70). When considering rounds lasted and financial literacy, the residuals did not
meet the assumption of normality (D(200) = .49, p = 2.2x107'®) and exhibited

heteroskedasticity (BP = 30.12, p = 4.06x107%).

Experiment 2

Harmful alcohol use:

A regression with harmful alcohol use as the independent variable and rewards gathered as
the dependent variable showed that the residuals were not normally distributed (Kolmogorov-
Smirnov: D(381) = 0.70, p = 2.2x107'®) and demonstrated heteroskedasticity (BP = 6.87, p =

.009). When a regression evaluated whether harmful alcohol use predicted rounds lasted, the
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residuals were also not normally distributed (D(381) = 0.54, p = 2.2x107'®) and demonstrated

heteroskedasticity (BP = 6.46, p = .011).

Delay discounting:

A regression with delay discounting as the independent variable and rewards gathered as the
dependent variable showed that the residuals were not normally distributed (Kolmogorov-
Smirnov: D(381) = 0.69, p = 2.2x107'%), though the test for heteroskedasticity was only
marginally significant (BP = 3.58, p = .059). When a regression evaluated whether delay
discounting predicted rounds lasted, the residuals were also not normally distributed (D(381)

=0.56, p = 2.2x107'%) and demonstrated heteroskedasticity (BP = 8.21, p = .004).
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Supplemental Material D — Scatterplot graphs of the association between sustainable

behaviour and individual characteristics

This section provides additional visualizations of the data. We provide a scatterplot of the
association between each individual characteristic (i.e. delay discounting, well-being, etc...)
and each measure of sustainable behaviour (i.e. rounds lasted and rewards gathered). On the
scatterplot, we also provide the best fit quantile lines. While, in the main text, we measured
19 different quantiles (.05 - .95, in increments of .05), here we only show 10 of the quantile
lines (.05 - .95 in increments of .1), since otherwise the graph would be difficult to interpret.
In these graphs, the values of each individual characteristic were not normalized to a mean of
zero and a standard deviation of one. This was so that values of the measures of the
individual characteristics appear in their raw form. However, this means that the beta values

seen in the visualizations will not directly match those discussed in the main text.
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Figure D.1. Scatterplot of delay discounting (represented as the log of k) and a.) rounds
lasted and b.) rewards earned. For each graph the best fit quantile regression lines are

included for the quantiles 0.05 - 0.95 in increments of 0.1.
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Delay discounting: Figure D.1(a) shows there is little relationship between rounds lasted and

delay discounting for low or high quantiles (e.g. the lines representing the 0.05 and 0.95

quantile have little to no slope). However, quantiles near the median exhibit a negative

relationship between rounds lasted and delay discounting. Similarly, Figure D.1(b) shows that

there is little association between rewards earned and delay discounting among the worst

performers (i.e. the 0.05 and 0.15 quantile). However, there is a negative relationship

between rewards earned and delay discounting for most of the other quantiles.
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Figure D.2 Scatterplot of harmful alcohol use (as measured using AUDIT) and a.) rounds
lasted and b.) rewards earned. For each graph the best fit quantile regression lines are

included for the quantiles 0.05 - 0.95 in increments of 0.1.
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Harmful alcohol use: Figure D.2 illustrates the relationship between harmful alcohol use (as

measured by AUDIT) and both rounds lasted (Figure D.2(a)) and rewards gathered (Figure

D.2(b)). As shown in Figure 3 in the main text, Figure D.2(a) illustrates that there is a strong

negative relationship between harmful use and rounds lasted for every quantile but the
highest and lowest. Further, Figure D.2(b) shows that the effect size (i.e. slope of the line)

between rewards gathered and harmful alcohol use broadly increases as the quantile

Increases.
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Figure D.3 Scatterplot of psychological distress (as measured using GHQ-12) and a.) rounds

lasted and b.) rewards earned. For each graph the best fit quantile regression lines are

included for the quantiles 0.05 - 0.95 in increments of 0.1.

Psychological Distress: Figure D.3 illustrates the relationship between psychological distress

(as measured by GHQ-12) and both rounds lasted (Figure D.3(a)) and rewards gathered

(Figure D.3(b)). As shown in Figure 3 in the main text, the strongest negative relationship

between psychological distress and both rounds lasted (Figure D.3(a)) and rewards gathered

(Figure D.3(b)) occur near the median quantile. However, the effect sizes are weaker

compared to delay discounting and harmful alcohol use.
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Figure D.4 Scatterplot of financial literacy and a.) rounds lasted and b.) rewards earned.
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For each graph the best fit quantile regression lines are included for the quantiles 0.05 - 0.95

in increments of 0.1.

Financial Literacy: Figure D.4 illustrates the relationship between financial literacy and both

rounds lasted (Figure D.4(a)) and rewards gathered (Figure D.4(b)). As shown in Figure

D.4(a) (and Figure 3 in the main text), there is a positive relationship between financial

literacy and rounds lasted for quantiles in the range 0.15 — 0.65. Figure D.4(b) illustrates that

there is a broad positive relationship between financial literacy and rewards gathered for most

of the quantiles. However, as discussed in the main text, this effect is less strong than some of

the other measures, and only significant for a subset of the quantiles.
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Figure D.5 Scatterplot of well-being (as measured by WHO-5) and a.) rounds lasted and b.)

rewards earned. For each graph the best fit quantile regression lines are included for the

quantiles 0.05 - 0.95 in increments of 0.1.

Well-being: Figure D.5 illustrates the relationship between well-being (as measured by

WHO-5) and both rounds lasted (Figure D.5(a)) and rewards gathered (Figure D.5(b)). Well-

being is positively related to rounds lasted for several of the quantiles near the median

quantile (see Figure D.5(a)). There is a positive relationship in most of the quantiles between

well-being and rewards gathered (see Figure D.5(b)). However, only a few of these are

significant (please the main text for a discussion).
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Delay discounting: Figure D.6 illustrates the relationship between delay discounting and both

rounds lasted (Figure D.6(a)) and rewards gathered (Figure D.6(b)) for Experiment 2.

Broadly, there is a negative relationship between delay discounting and both rounds lasted

and rewards gathered. As discussed in the main text (and illustrated in Figure 5), the largest

effects of rounds lasted are associated with the quantiles between 0.45 and 0.75. For rewards

gathered, Figure D.6(b) shows that the largest negative associations are found at the 0.75 and

0.85 quantile.
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Figure D.7 Scatterplot of harmful drinking (as measured by AUDIT) and a.) rounds lasted

and b.) rewards earned for Experiment 2. For each graph the best fit quantile regression

lines are included for the quantiles 0.05 - 0.95 in increments of 0.1

Harmful alcohol use: Figure D.7 illustrates the relationship between harmful alcohol use (as

measured by AUDIT) and both rounds lasted (Figure D.7(a)) and rewards gathered (Figure

D.7(b)) in Experiment 2. Broadly, Figure D.7 illustrates that there is a negative relationship

between harmful use and both rounds lasted and rewards gathered. Figure 5 denotes which of

the quantiles show a significant association.
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Supplemental Material E — Is the mean replenishment rate correlated with either points

gathered, or rounds lasted?

As the replenishment rate was stochastic, it was possible that some participants interacted
with a resource that, on average, replenished by a higher or lower proportion compared to
other participants. This could, potentially, influence behaviour in the game. To test whether
replenishment rates were associated with resource outcomes, we calculated the mean
replenishment rate over the first x rounds for each participant, and then ran Spearman
correlations between these mean replenishment rates and each participant’s rounds lasted and
rewards gathered. We calculated the mean replenishment rate and ran these correlations for
the first 1, 2, 3, 5, 10, 20, 50, and 70 rounds for both experiments; the results of these
correlations are summarised in Table E.1 and Table E.2, below. None of these correlations
were significant. Therefore, we conclude that the variance in replenishment rates did not lead

to any substantial changes in participants’ behaviour in the game in either experiment.



Experiment 1

Table E.1: Results of the Spearman correlations run to determine whether there was an

association between the resource’s mean replenishment rate and resource outcomes in
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Experiment 1. x: the number of rounds used to calculate mean replenishment rate (1 = first

round, 2 = first 2 rounds, 70 = all rounds, etc.); rs: Spearman’s rank correlation coefficient;

p: p-value for the Spearman’s correlation.

X Rounds lasted Rewards Gathered
s p s p
1 -.05 336 .01 .886
2 -.02 .699 .05 343
3 -.04 481 .03 533
5 -.04 384 .02 .639
10 -.04 484 .02 671
20 -.02 673 .01 799
50 -.02 746 .00 951
70 -.02 752 .02 674



Experiment 2

Table E.2: Results of the Spearman correlations run to determine whether there was an

association between the resource’s mean replenishment rate and resource outcomes in
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Experiment 2. x: the number of rounds used to calculate mean replenishment rate (1 = first

round, 2 = first 2 rounds, 70 = all rounds, etc.); rs: Spearman’s rank correlation coefficient;

p: p-value for the Spearman’s correlation.

X Rounds lasted Rewards Gathered

s p s p
1 -.06 268 -.03 621
2 -.04 411 -.01 .801
3 -.05 379 -.02 .663
5 -.03 562 -.02 .689
10 -.03 557 -.03 .607
20 -.04 411 -.01 .801
50 -.04 386 -.02 627
70 -.04 392 -.03 .569
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Supplemental Material F — The impact of knowing the termination rule on the
association between delay discounting and resource management

Recently, we found that knowing the termination rule for our resource management game
improves sustainable behaviour (Rauwolf & Rogers, under review). In the study, half the
participants played the game exactly as described in the main text. The other half were given
the number of remaining rounds after each harvest — the termination rule. One hundred of
those who knew the termination rule also completed the EDso as a measure of delay
discounting. This was exploratory analysis, so it was not analysed in the paper. We present

the analysis here.

Spearman’s correlations showed that delay discounting (as the log of k) was negatively
associated with both rounds lasted (rs(98)=-0.47, p = 1.57x107) and rewards gathered (rs(98)
=-0.44, p=7.47x10®) for the participants who knew the termination rule. Further, the
Spearmen’s rank correlation coefficient (i.e., the effect size) was larger than that found in
either Experiment 1 (rounds lasted: rs=-0.31, rewards gathered: .= -0.27) and 2 (rounds
lasted: 1s=-0.34, rewards gathered: rs=-0.31) in the current paper. This suggests that knowing
the termination rule did not reduce (and if anything increased) the association between delay

discounting and sustainable behaviour.

Figure F.1 illustrates the quantile regression for the participants who knew the termination
rule. Figure F.1(a) shows that higher delay discounting was significantly associated with
fewer rounds lasted from 0.05-0.50 quantiles. Further, compared to Figure 3(c) and Figure
5(c), the beta values in Figure F.1(a) (which is the effect size) were larger from the 0.05-0.40

quantiles. However, the effect diminished after the 0.50 quantile. Since the participants knew
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Figure F.4 Quantile regression of rounds lasted (a) and rewards gathered (b) against
normalized (mean=0; SD=1) delay discounting (EDs) from quantiles 0.05-0.95 in
increments of 0.05. Shaded areas represent 95% Cls.

the length of the game, many more sustained the resource for all 70 rounds. Thus, there was

no effect of delay discounting in the best performing half of the participants.

Figure F.1(b) illustrates that there is a significant effect of delay discounting on rewards
harvested in the quantile range 0.05-0.90. Further, the effect sizes of delay discounting were
generally larger in those who know the termination rule, compared to the effect sizes found in
the current paper. For example, when estimating median performance (i.e., the 0.5 quantile),
one standard deviation increase in delay discounting was associated with a loss of 59
rewards. This was over twice the effect compared to the 27 rewards found in Experient 1 (see

Figure 3(d)) and the 23 rewards found in Experiment 2 (see Figure 5(d)).
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By comparing Figure F.1 to Figure 3 and 35, it is clear that, in general, knowing the
termination rule of the resource management game increased the negative association
between delay discounting and sustainable behaviour. Given this, we find it unlikely that the
results found in the main text are confounded by the unknown termination rule. We expect
that health risk factors are associated with poor sustainable behaviour, regardless of
knowledge about the termination rule; however, it would be helpful if future studies extended

this exploratory analysis to the other measures used in the current paper.



