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The studies included in this thesis were written as standalone articles to be submitted for
publication. The articles are preceded by a General Introduction to the broader the research
area, and followed by a General Discussion, where the findings from all of the studies are

integrated. Due to the structure, there may be some repetition of the content across sections of
this thesis.



Abstract

Impulsive and risky decision-making have been linked to dangerous driving,
substance use, gambling, overspending, and general delinquency. The aim of the series of
studies presented in this thesis was to gain an understanding into contextual factors that
influence decision-making, focusing on the effects of peers, age, and gender.

Article 1 (Chapter 2) reports on a single study where participants completed a delay-
discounting task either alone, or in the presence of a same-aged peer of the same gender.
Those in the peer condition exhibited significantly greater rates of discounting compared to
those alone when comparing the area under the curve; however, there was no significant
difference between the discount rates (k) between those in the peer condition and those in the
alone condition. Due to difficulty with recruitment, we had a small sample, therefore, these
results should be interpreted with caution.

Acrticle 2 (Chapter 3) presents two studies which examine the difference between peer
presence, and peer influence (when peers provide an opinion) on risk-taking. In both studies,
we used three hypothetical probabilistic-discounting scenarios to examine risk-taking. The
first study investigated risk-taking under three conditions: peer absence, peer presence, and
negative peer influence (risk-promoting peer). The second study added a fourth condition,
positive peer influence (risk-averse peer), to examine whether positive peer influence was
more like peer absence, or peer presence. Both studies showed that participants exhibited the
greatest amount of risk-taking in the negative peer-influence condition, compared to both the
peer-present and peer-absent conditions. Risk-taking was also greater in the peer-present
condition compared to in the peer-absent condition. Therefore, both the presence and
negative influence of peers increased risk-taking. The results of the second study in Article 2
extended our findings, showing that positive peer influence resulted in the lowest rates of
risk-taking behaviour, lower than when decision-making occurred in the absence of peers.

Avrticle 3 (Chapter 4) outlines two studies which examined whether peer influence
extends to other social relationships. The first study in Article 3 investigated whether risk-
taking differs under the influence of parents, partners, and friends. We found that risk-taking
was higher for parents and partners, compared to friends. We hypothesised that people were
more influenced by their partners and parents as they had a closer relationship with them,
compared to friends. Thus, the second study in Article 3 examined whether risk-taking
differed based on the closeness of the relationship. Using a combination of probability and
social discounting methods, we asked participants how likely they would be to risk receiving
a fine for five social contacts of varied degrees of closeness. We found that risk-taking



systematically differed based on the closeness of the relationship. Participants exhibited
greater risk-taking for a closer social contact, compared to a more distant social contact.

We also examined the effects of age and gender on decision-making across the five
studies presented in this thesis. Our findings provided little evidence that risk-taking was
related to age, however, there was some evidence that risk-taking of younger participants
may be more influenced by peers than risk-taking of older participants. Risk-taking between
men and women was similar and susceptibility to the presence and influence of peers was
also similar between men and women.

Collectively, these studies illustrate that both the presence and influence of peers
affect decision-making, however, providing a direct influence has a greater effect. The
greatest risk-taking occurs when peers provided a risk-promoting opinion, and the least when
peers provided a risk-averse opinion. The influence of peers is not just limited to friends, but
peer influence extended to others, such as romantic partners and parents. People were most
influenced by those with whom they had a closer relationship. Thus, the social context

wherein decision-making occurs is fundamental to the likelihood of risky choices.
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Chapter 1
General Introduction
Harmful risk-taking and impulsivity have been associated with gambling (Mishra et
al., 2010), dangerous driving (lversen, 2004), texting while driving (Walshe et al., 2021), and
substance abuse (Feldstein & Miller, 2006). Impulsivity can be defined as acting on impulse,
without forethought, planning, or considering the potential consequences of the behaviour. As
an example, smoking, drinking, or choosing an unhealthy snack option are choices which are
seen as impulsive, and avoiding these behaviours might be seen as having self-control.
People who are said to “have self-control” are thought to be able to control their impulses,
delay gratification, and consider the available information to make a well-thought-out choice.
Some impulsive choices are also risky choices, but not all impulsive choices are risky. A
risky choice involves weighing up the outcomes of the decision, where there is a chance of a
negative outcome occurring: that is the likelihood of a negative outcome occurring relative to
a positive outcome occurring (Nigg, 2017). Making a risky choice does not mean that the
person has accurately assessed the likelihood of the risk occurring, or that a negative outcome
will definitely occur. Risk-taking can lead to positive outcomes, for example, moving across
country to take on a new job, starting a new business venture, or gambling and winning
money. Therefore, risk-taking is not always seen as harmful, and in some cases, it may be
encouraged. Due to the similarities within these concepts, impulsivity and risk-taking are
often related; a person who behaves impulsively, will often take risks (Donohew et al., 2000).
Both impulsivity and risk-taking are also related to sensation-seeking, where a person seeks
out novel experiences (Donohew et al., 2000). A person seeking a new experience may
impulsively try a new experience (impulsivity) or misjudge or ignore potential harmful
outcomes (risk-taking). The act of making a choice, whether it be risky, impulsive, or both, is
known as decision-making, therefore, it is useful to understand factors that affect the

likelihood of risky choices in decision-making.

Peers and Risk-taking

Risk-taking and impulsive decisions often occur in the presence of others, are
discussed with others, or are posted on social media where they are subject to approval from
others. These situations allow for influence prior to the decision, and/or approval from peers
leading to reinforcement and a continued pattern of risk-taking. As decision-making often
occurs with input from, or in the presence of others, it is worth understanding the effect
others have on the choices people make.



The presence of others can affect the decision outcome, particularly for adolescents
and young adults (see Albert et al., 2013; Defoe et al., 2015). The influence of peers can lead
to riskier choices or more impulsive behaviour (e.g., Bingham et al., 2016; de Boer et al.,
2016; Gardner & Steinberg, 2005; Kessler et al., 2017; O'Brien et al., 2011; Simons-Morton
etal., 2014; A. R. Smith et al., 2014). Although the effects of peers are well-researched, the
way influence is defined across studies differs (Riedijk & Harakeh, 2017). Some researchers
assume influence is based on the peers being present or observing during the decision-making
process, but that the peers do not have direct input into the decision (e.g., O'Brien et al., 2011,
A. R. Smith et al., 2014; Weigard et al., 2014). Using this method, comparisons are made
between decisions made alone to those made in the presence of peers. As an example,
O'Brien et al. (2011) asked participants to complete a delay-discounting task either alone or
in the presence of two friends (of the same age and gender). Participants who were in the
presence of peers preferred smaller, more-immediate outcomes, forgoing larger outcomes
available after a delay. Participants who were alone, however, preferred larger-later outcomes
(O'Brien et al., 2011). Peers do not even need to be physically present or known. Participants
who believed they were being observed by a same-aged anonymous peer in another room via
a closed-circuit computer system made more impulsive choices than those who were alone
(Weigard et al., 2014). However, present peers must be, or be perceived to be, monitoring the
decisions, not just present (Somerville et al., 2018). The assumption that peers influence
behaviour by being present is not often clarified and is just regarded simply as “peer
influence” in the literature.

Another common way to measure peer influence is more direct; peers are present, and
the participant is shown or given information about what choice the peer would make (e.g.,
Gardner & Steinberg, 2005; Gilman et al., 2014). Being given information on what peers may
do in certain situations allows researchers to examine whether the participant will imitate the
choice (Knoll et al., 2015). When given information regarding how peers perceive a certain
behaviour, participants were more likely to change their own perception of the behaviour to
be more closely aligned with the perceived risk provided by the peer (Knoll et al., 2015).
When participants were informed that peers had chosen the smaller-sooner rather than the
larger-later option on a delay-discounting task, they were more likely to make the same
choice, having steeper discount rates than those who were not provided information regarding
peer choices (Gilman et al., 2014). Even those who report high resistance to peer influence

were found to have higher rates of impulsive behaviour when influenced by peer decision-



making (see Riedijk & Harakeh, 2017). Therefore, being given information about a peer’s
decision in a situation could affect risk-taking.

It is important to understand that not all peer influence on decision-making is
negative. Peer influence may also be positive. Peers may discourage risky behaviour or
increase prosocial behaviours such as volunteering (Ahmed et al., 2020; Cascio et al., 2015;
Choukas-Bradley et al., 2015; Foulkes et al., 2018; Osmont et al., 2021; Simons-Morton et
al., 2014; van Hoorn et al., 2014). Although the presence of peers is linked to an increase in
some negative behaviours, such as running of red lights and speeding, Ross et al. (2016)
found that running of amber lights was reduced by the presence of peers. Being provided with
a risk-averse opinion can also lead to less risk-taking behaviour (e.g., Bingham et al., 2016;
Cascio et al., 2015; Osmont et al., 2021; Simons-Morton et al., 2014; Tomova & Pessoa,
2018). When shown a peer making riskier choices, participants are more likely to make risky
choices, and conversely when a peer is risk-averse, participants are more likely to make safer
choices (Tomova & Pessoa, 2018). As peers can increase and decrease risk-taking, the effects
of having peers simply present versus having peers provide an opinion on risk-taking are yet
to be fully understood. Moreover, it would be helpful to understand factors that lead to the
influence of peers being positive or negative.

There are several explanations for the effects peers may have on behaviour. One
theory is that young people seek peer approval and are preoccupied with the social
consequences of their actions (Reniers et al., 2017). Young people, in particular, are at a time
of heightened anxiety where they value friendships more than other types of relationships
(Reniers et al., 2017). Therefore, when young people are making decisions in a social
environment where they may be exposed to potentially negative social consequences, they
will ensure their decisions closely align with how their friends would behave (Andrews et al.,
2021). Another theory is that risk attitudes, preferences, and behaviours may lead someone to
choose a particular friend or friend group as they have behaviours in common (Brechwald &
Prinstein, 2011; Kandel, 1978). People seek others who have similar risk appetites to
themselves, and therefore display similar behaviours. Risk-averse people are likely to stick
together, but likewise, so are friends who engage in risk-taking. In turn, it is likely that
behaviour which aligns with that of their peers is reinforced by the peer and becomes a
continued pattern of behaviour. Given that there are changes to risk-taking in the presence of
peers, it is evident that the social environment of decision-making has an effect on the

outcome.



Age and Risk-taking

Age is another factor that is associated with impulsivity and risk-taking. Impulsivity
and risk-taking are negatively correlated with age, meaning impulsive behaviour decreases as
age increases (Mamerow et al., 2016; Reimers et al., 2009). Adolescence is known as a
period in which young people make impulsive, risky choices, and seek new experiences
(Blakemore, 2018; Reyna & Farley, 2006; Shulman et al., 2016). The relationship between
age and impulsivity is described as an inverted U-shape, as, from childhood, impulsivity
increases through adolescence, and then typically decreases in adulthood (Steinberg, 2008;
Steinberg et al., 2008; Steinberg et al., 2018).

A meta-analysis on age differences found that adolescents (aged 11-19) took more
risks than those aged 20-and-over in laboratory-based tasks, which reflects real-world
differences between the behaviour of adolescents and adults (Defoe et al., 2019). The age
bracket of 11-19 years is quite broad, but an earlier meta-analysis by Defoe et al. (2015)
showed that early adolescents took more risks than mid-to-late adolescents in laboratory
tasks, but that this did not reflect self-reported behaviour. In mid-to-late adolescence, young
people have more risk opportunity so their real-world risk-taking in behaviours such as
substance use, delinquency, and risky sexual behaviours increase. Willoughby et al. (2021)
found that although risk-taking was high in adolescence, when considering different types of
risk-taking behaviour across multiple domains, the period of increased risk-taking was
actually between the ages of 20-29 years.

The period of mid-to-late adolescence, or early adulthood as it may be called, is a
period where young people may move away from parental homes and household rules and
have access to a new set of choices (Duell et al., 2018). Therefore, it is unsurprising that mid-
to-late adolescents have higher rates of real world risk-taking compared to that of early
adolescents (Defoe et al., 2015; Defoe et al., 2019). The transition period between
adolescence and adulthood, where risk opportunity changes, was initially thought to be linked
to the western culture of coming of age, however, studies of young people from non-western
backgrounds also found risk-taking behaviour was higher during this period (Duell et al.,
2018; Mata et al., 2016). Across studies, the period of adolescence is ill-defined and ranges
from early teen years to late teens, but it is still thought that teenagers and young adults
(under 25 years of age) are more impulsive than adults.

Impulsivity is often stable after early adulthood; however, some studies report
changes later in life (e.g., Read & Read, 2004; Richter & Mata, 2018; Seaman et al., 2016).
Some researchers have found that older adults come to prefer smaller-sooner outcomes after



middle-adulthood, in their later years (see Read & Read, 2004; Richter & Mata, 2018;
Seaman et al., 2016). Older adults discount outcomes less than younger adults at short-to-
moderate delays, showing less impulsivity; however, at longer delays older adults discounted
outcomes similarly to younger adults, showing similar rates of impulsivity (Leverett et al.,
2021). Older adults may perceive delay to receiving outcomes differently as they have limited
time left, or a closer proximity to death (Richter & Mata, 2018). It is possible that contextual
changes such as perceived remaining time and health status may affect decision-making
(Seaman et al., 2016).

The relationship between age and impulsivity, or age and risk-taking, also differs
depending on how behaviours associated with impulsivity and risk are measured (Olson et
al., 2007; Scheres et al., 2006). Scheres et al. (2006) found differences in discounting
behaviour between children (aged 6-11 years) and adolescents (aged 12-17 years) on a delay-
discounting task, but not on a probability-discounting task. Furthermore, there were no
differences in responses on a probability-discounting task between younger adults (20-29
years) and older adults (61-82 years) when using either real or hypothetical outcomes (Horn
& Freund, 2021). It is also possible that risk-taking differs across age by domain (Bonem et
al., 2015; Rolison et al., 2014; Willoughby et al., 2021). Most laboratory tasks or self-report
measures of risk-taking and impulsivity tend to focus on specific outcomes or commaodities
(e.g., alcohol, drug-use, and delinquent behaviours) which may be less applicable to adults.
Willoughby et al. (2014) discussed whether certain types of behaviour such as financial
investing or marital infidelity would be more relevant in assessing risk-taking prevalence in
adults. Wilson et al. (2021) found that younger adults showed greater impulsivity on a
laboratory-based task compared to older adults, but there was no difference in self-reported
impulsivity between the two groups suggesting laboratory-based tasks and self-reported
measures may be capturing different facets of impulsivity.

Although there are many studies which examine the relationships between age and
impulsivity, and age and risk-taking, there are also many inconsistencies between these
studies. To summarise, it is thought that adolescents are more impulsive, and make more
risky decisions than adults but the period of adolescence is poorly defined, and inconsistently
applied across studies. Therefore, how age affects decision-making may depend on many
factors, such as the types of measure used, the types of behaviours measured, the type of
outcomes (e.g., real or hypothetical), and the commodities (such as food, money, or alcohol)

on choice-based tasks.



Gender and Risk-taking

Many researchers have also examined the effect of gender on risk-taking. Young men
tend to exhibit greater impulsivity, risk-taking behaviour, and seek novel experiences more
often than young women (Bener, 2013; Cross et al., 2011; Cross et al., 2013; de Boer et al.,
2016; Dohmen et al., 2011; Gardner & Steinberg, 2005). Perception of risk may account for
some of the differences in risk-taking behaviour between men and women (Harris et al.,
2006; Reniers et al., 2016). Women perceive negative outcomes as more likely or more
severe, and anticipate less enjoyment from risky decisions, compared to men (Harris et al.,
2006). Reniers et al. (2016) found that men are less likely to rate a particular activity as risky,
compared to women. As an example, young women are less willing to ride in a driverless
vehicle than young men (Rice & Winter, 2019). Women also anticipate that riding in a
driverless vehicle would be less fun and of lower perceived value than men, which
contributed to their willingness (Rice & Winter, 2019). It may be that men are given more
opportunities to experience risk and reward than women, and are taught and encouraged to
take risks (see Gustafsod, 1998, for a review). The differences in risk perception between
men and women may also be accounted for by learned experiences, and therefore, exposure
to consequences.

Most studies that have identified a gender difference show that men are more
impulsive than women (e.g., Byrnes et al., 1999; Cross et al., 2011; de Boer et al., 2016;
Gardner & Steinberg, 2005). Other studies have found no difference between men and
women (e.g., Reynolds et al., 2006). However, a few studies have also shown that women
have higher rates of impulsive behaviour compared men (e.g., Beck & Triplett, 2009; C.
Smith & Hantula, 2008). A review of differences by gender, on a delay-discounting task,
found that women discount outcomes more steeply than men, a finding which differs from
results of other studies using various measures of impulsivity (Weafer & de Wit, 2014).
Weafer and de Wit (2014) attributed the difference to the outcome type: women are more
impulsive when it comes to hypothetical outcomes, whereas men are more impulsive when it
comes to actual outcomes.

Similar to age, the differences between men and women in risk-taking also depends
on the behaviour measured (Byrnes et al., 1999; Morgenroth et al., 2017; Rolison & Shenton,
2020). For example, women are more risk-averse when it comes to financial decisions and
investments (Charness & Gneezy, 2012; Jianakoplos & Bernasek, 1998) but when it comes to
social risks, there are very few differences between men and women (Harris et al., 2006).
Many of the tools that measure risk-taking focus on behaviours that are seen as more



masculine, such as betting on sports races, poker games, or riding a motorcycle without a
helmet (Morgenroth et al., 2017). The domain specific risk-taking (DOSPERT) scale is a
commonly used self-report measure of risk-taking that focuses on behaviours from five
domains: financial, health/safety, recreational, ethical, and social (Blais & Weber, 2006;
Weber et al., 2002). Morgenroth et al. (2017) argues that many of the behaviours in the
DOSPERT scale are biased toward men. The behaviours on the DOSPERT are more likely to
appeal to men compared to women, so results show that men make more risky choices
(Morgenroth et al., 2017). With the addition of more feminine forms of risk-taking behaviour
(e.g., getting plastic surgery, horseback riding without a helmet, or splurging on expensive
clothing), gender differences may not exist, or are reversed, with women showing higher
rates of risk-taking (Morgenroth et al., 2017). Therefore, it may be difficult to ascertain
whether gender affects risk-taking behaviour, if the behaviours reflected in the measurement
of risk-taking are biased toward men. Furthermore, differences between men and women’s
rates of risk-taking have also been attributed to the measurement type. A meta-analysis found
that studies using self-report measures reported higher rates of impulsivity for men compared
to women, however, for behavioural tasks, results were mixed (Cross et al., 2011). There was
no difference between men and women’s decision-making on a delay-discounting task but
there were differences for another behavioural task known as the balloon analogue risk task
(BART), where men were shown to have higher risk-taking compared women (Cross et al.,
2011). Therefore, gender differences in risk-taking should be considered for the task itself,

and not generalised to behaviours outside of the domain measured (Nelson, 2014).

Age and Peers

Susceptibility to the influence of peers seems to vary by age (see Gardner &
Steinberg, 2005). Young people are more susceptible to peer influence (McCoy et al., 2017).
Gardner and Steinberg (2005) found adolescents (13-16 years) and youths (18-22 years) took
more risks and showed a higher preference for risky choices in the presence of their peers
compared to adults (24 and older). The age of the influencing peers also may also contribute
to the effect of peers on decision-making. Knoll et al. (2015) observed that young people
were more likely to change their perception of risk, based upon the opinions of similar-aged
people rather than adults, showing they gave more value to the opinion of their similar-aged
peers. Decisions made by adolescents were riskier when with same-aged peers than when
alone, however, when one of the peers was slightly older, risk-taking decreased and more
closely resembled that when alone (Silva et al., 2016).



Adolescent’s greater susceptibility to peer influence may be explained by the idea that
young people have a strong desire to fit in with their peers, and worry about social rejection,
meaning they are more likely to follow “social norms,” or the behaviour of others (Andrews
et al., 2021; Blakemore, 2018). Participants are more influenced by choices made by peers,
compared to choices made by a computer (Braams et al., 2019). Peers provide social
consequences which a computer cannot, supporting the theory that young people conform
due to social consequences. It is thought that adults are not as susceptible to peer influence.
However, research on peer influence tends to use “peers” synonymously with “friends,”
therefore, peer-influence research focuses on the relationship between an adolescent and their
friends, usually of a similar age (e.g., O'Brien et al., 2011). Adults, however, are influenced
by peers if the definition of peers is broadened. Several studies have shown that adults in
relationships are influenced by their romantic partners (e.g., Homish & Leonard, 2008;
Homish et al., 2007; Leonard & Mudar, 2003, 2004; Windle & Windle, 2018), similar to how
people can be influenced by friends. Behaviours such as drinking, smoking, substance use, or
unhealthy eating habits of one partner are adopted by the other, over time spent in their
presence (Homish & Leonard, 2008; Homish et al., 2007; Leonard & Mudar, 2003, 2004;
Windle & Windle, 2018).

Decision-making differs in different social environments. People are more influenced
by people they know, compared to strangers (Salvy et al., 2007; Ziegler & Tunney, 2012).
Young people are also known to be influenced by their parents (Carter et al., 2014; Casswell
et al., 2002; Mares et al., 2011; Wood et al., 2004; Yurasek et al., 2018). But perhaps most
importantly, people seem to be more influenced by those closest to them (Foreman et al.,
2019; Ziegler & Tunney, 2012).

As age increases a person’s susceptibility to peer influence may decrease. Although it
may be seen as favourable that as someone ages, they are less likely to be influenced by their
friends, it also means that people may become less receptive to peer suggestions not to take
risks, or positive peer influence (Ahmed et al., 2020). Furthermore, as young people become
adults, while it may seem that they are not influenced by their friends-as-peers, they may be

influenced by romantic partners-as-peers instead.

Gender and Peers
There is also some evidence that shows young men are more susceptible than young
women to peer influence (e.g., de Boer et al., 2016; Defoe et al., 2020). Young men and

women have exhibited similar rates of risk-taking while alone, but when observed by two



peers of the same gender to the participant, men showed higher risk-taking than women
(Defoe et al., 2020). In a study by de Boer et al. (2016), adolescents completed the BART
either alone or in the presence of two peers. The groups, made up of three participants, were
boy-only, girl-only, or a mixture of boys and girls. Those in groups exhibited more risk-
taking than those alone, however, the gender composition of the group affected the extent of
peer influence. Boys took greater risks when they completed the task in the presence of other
boys, rather than in a mixed group. While girls in the presence of others took more risks
compared to when alone, they took fewer risks than boys in the presence of others, regardless
of the gender of those present. de Boer et al. (2016) therefore showed that boys were more
susceptible to the influence of peers compared with girls, and that boys were more influenced
by same-gendered peers when in group situations.

Interestingly, approximately half of the literature reviewed by McCoy et al. (2017)
reported that men were more susceptible to peer influence compared to women, while the
remaining half reported no difference between men and women in risk-taking when
influenced by peers. Although there is little evidence to suggest that women are more
susceptible to peer influence than men, they may be more sensitive to social consequences
and experience greater anxiety around conforming to peer behaviours (Reniers et al., 2016).
As previously stated, many measures of risk-taking focus on masculine forms of risk-taking

which may also affect the findings of susceptibility to peer influence.

Measuring Impulsivity and Risk-taking Through Discounting

There are many ways to measure impulsivity and risk-taking, such as self-report
(reported behaviour), hypothetical choice (projected behaviour), and observed behaviour
(actual behaviour; Bran & Vaidis, 2020; Byrnes et al., 1999). Discounting procedures are one
behavioural task used in decision-making research to examine impulsivity and risk-taking
through hypothetical choice (see Moreira & Barbosa, 2019; Reimers et al., 2009). There are
multiple types of discounting dimensions, such as delay, probability, social, and spatial.
Perhaps the most used is delay discounting, where choice is dependent on two variables: the
outcome and the delay to its receipt (Odum, 2011a). Both humans and animals tend towards
wanting larger outcomes over smaller, and sooner rather than later (Odum, 2011a).

In a typical monetary delay-discounting scenario, one decision may be “would you
rather $50 now or $100 in one week’s time?” The participant must evaluate both outcome
amount ($50 vs. $100) and the delay to when the outcomes are available (now vs. 1 week).
These decisions are a binary choice; the participant must choose between one of two



presented options (C. Smith & Hantula, 2008). Over a series of decisions, both the magnitude
and the delay-to-receipt change (e.g., Odum & Rainaud, 2003; Ohmura et al., 2006; Simpson
& Vuchinich, 2000; C. Smith & Hantula, 2008). Evaluating choices over a series of decisions
allows researchers to find the point at which the participant’s preference changes from one
alternative to the other (Odum & Rainaud, 2003). Choosing a smaller-sooner alternative over
a larger-later one is often seen as an impulsive choice, whereas choosing to wait for the
larger-later outcome is seen as exhibiting self-control (Odum, 2011a).

The way in which variables such as magnitude and immediacy of outcome are varied
over the series of decisions can differ between tasks. For example, in delay discounting,
common changes across the series of choices are adjusting the delay while keeping the
amount constant, adjusting the immediate amount while keeping the delay constant, or
adjusting the delayed amount while keeping the sooner amount constant. One of the most
common procedures for how the decisions vary within a series of choices is known as the
adjusting-amount procedure. Using the adjusting-amount procedure, the immediate amount is
systematically changed based on the previous decision, and the delayed amount is kept
constant at a delayed point across the series of decisions (Mazur, 1987). There are two
common ways to terminate the task when using an adjusting-amount procedure. The trials
may be terminated when the participants’ preference changes from the larger-later outcome to
the smaller-sooner. As the participant works through a number of trials the difference
between the two options becomes less discriminable, as the smaller-sooner amount increases
based on the previous trial. Alternatively, the task may continue until a set number of
decisions are made (e.g., Steinberg et al., 2009), at which point it would reset to the first
decision, but with a shorter or longer delay. Over a series of decisions, researchers calculate
an indifference point (also known as a subjective value), where the preference for the
immediate and delayed amounts are equal, which is the midpoint between the last known
immediate choice, and the last immediate rejected alternative (Du et al., 2002; McKerchar &
Renda, 2017; Rachlin et al., 1991). The data for each participant are, therefore, a series of
indifference points with their corresponding delays (see McKerchar & Renda, 2017, for a
review). Although there may be differences in how the dimensions change, participants
systematically discount the value of the outcome across changes in the discounting variable
(Holt et al., 2012).

Figure 1 shows an example of systematic discounting of gains and losses for two
amounts of monetary outcomes (one large and one small) over seven delays (in months).

Figure 1 demonstrates that the subjective value of both gains and losses decreased as the
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delays to the outcome increased. The discounting of gains (indicated by the solid circles) is
steeper than for losses (open-squares) for both small (top graph) and large amounts (bottom
graph), indicating greater impulsivity for monetary gains compared to monetary losses.
Figure 1 also shows smaller magnitudes of both gains and losses also produced steeper
discounting curves, showing more impulsivity compared to discounting for larger

magnitudes.

Figure 1
Example of Discounting the Subjective Value of both Small and Large Monetary Gains and

Losses as a Function of Delay
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Note. Rachlin’s 2-parameter hyperboloid fitted to the data (see Equation 3). Figure from
“Differential effects of amount on temporal and probability discounting of gains and losses,”
by S. J. Estle, L. Green, J. Myerson, and D. D. Holt, 2006, Memory & Cognition, 34(4), p.
917 (https://doi.org/10.3758/BF03193437). Copyright 2006 by the Psychonomic Society, Inc.

11


https://doi.org/10.3758/BF03193437

Analysis of Discounting

The typical pattern for delay discounting is that when delays are small (e.g., 1 day or
1 week), people tend to choose larger-later outcomes, but when delays are large (e.g., 5 years
or 10 years), people tend to choose smaller-sooner outcomes. Therefore, over a series of
delays from short to long, indifference points typically decrease showing people get more
impulsive as delays increase. A curvilinear function can be fitted to a series of indifference
points to model the decrease in the of the subjective values across delay. Most functions are
derived from either the exponential model or the hyperbolic model, with common models
being the exponential model (e.g., Simpson & Vuchinich, 2000), the hyperbolic model (e.g.,
Rachlin et al., 1991; Simpson & Vuchinich, 2000), and an extended 2-parameter hyperboloid
(e.g., Simpson & Vuchinich, 2000).

The exponential model is generally preferred by economists and is less common in
psychology research:

V = Ae’P (1)
where V is the present, discounted value, of the delayed outcome (the indifference point), A is
the amount or magnitude of the outcome, D is the delay until the outcome can be received,
and k is the discounting rate. The mathematical constant e is the base of the natural logarithm
and is approximately equal to 2.718. A larger k value means steeper discounting and a
smaller k value means that the rate of discounting of the future outcome is shallower (Green
& Myerson, 1996).

There is an underlying assumption in delay discounting that as time passes to the
receipt of the delayed outcome, there is an increased risk that something might happen to
prevent its receipt (Green & Myerson, 1996). An assumption of the exponential function is
that the degree of discounting is the same between any two delays of the same length. For
example, the rate of discounting between an outcome available tomorrow and the day after,
will be the same as for an outcome available in 1 year, and 1 year and 1 day from now
(Oliveira & Green, 2012). The second assumption implies that, as the delay between the two
time periods is the same, 1 day, the risk that something will prevent the receipt of the
outcome remains the same, and thus, the preference of the participant should also remain the
same (Green & Myerson, 1996; Oliveira & Green, 2012). To summarise, the exponential
function relies on the assumption that the rate of discounting remains constant and does not
change in relation to the discounting dimension (e.g., delay; Oliveira & Green, 2012).

A Dbetter fit for the data is provided by hyperbolic equations which are popular with
psychology researchers (Myerson & Green, 1995; Oliveira & Green, 2012; Rachlin et al.,
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1991). Mazur (1987) gives the hyperbolic equation as:

V=A/(1+kD) 2
where V, A, k, and D are described as they were previously for the exponential function. The
main difference between the exponential and the hyperbolic function regards the assumption
of discount rate over the delay (or another discounting dimension, e.g., social proximity). The
hyperbolic function is based on the assumption that something will prevent the receipt of the
outcome is higher initially and decreases with the additional delay to the outcome (Green &
Myerson, 1996; Oliveira & Green, 2012). To describe the function more simply, the pattern
of discounting will be steep initially, and become shallower with each unit of delay (Oliveira
& Green, 2012). Therefore, an assumption of the exponential function is that the rate of
discounting is constant, whereas the hyperbolic functions is based on assumption that the rate
discounting is not constant (Oliveira & Green, 2012).

Mazur’s equation underestimates an individual’s subjective sensitivity to the
magnitude of the outcome, so may not provide the best fit across people, thus, the equation
was extended by raising the denominator to a power to account for more variance (Du et al.,
2002; Myerson & Green, 1995; Simpson & Vuchinich, 2000). Rachlin (2006) describes an
extended equation:

V=A/(1+kD)* (3)
where the added parameter s better accounts for individual differences in discounting,
compared to the hyperbola described by Equation 2, therefore providing a better fit to the
indifference points (Du et al., 2002; Myerson & Green, 1995; Simpson & Vuchinich, 2000).
See Figure 1 as an example of Equation 3 fitted to discounting for both gains and losses as a
function of delay.

In a comparison of two different ways of administering a delay-discounting task
(computer vs. paper and pencil), C. Smith and Hantula (2008) found that data were best
described by hyperbolic rather than exponential functions. The best fit of the data can be
found by using tools such as the Discounting Model Selector which fits multiple models to
the data provided, calculating the parameters (e.g., k), and measures which describe how well
each model fits the data (Gilroy et al., 2017).

Another alternative to analysing discounting data is to calculate the area under the
curve (AUC). By plotting the indifference points for each delay, the trapezoids can be
computed. The equation for AUC is:

Xo - X1 [(Y1+Y2)/2] 4)
where the ordinate is the proportion of the non-discounted absolute value, and the abscissa
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shows the proportion of the maximum possible delay (C. Smith & Hantula, 2008). The
summed values present an area that ranges from 0.0 to 1.0. Lower discount rates have AUC

values closer to 1.0 as they have a shallower curve.

Reliability and Validity of Discounting

Delay-discounting tasks have good reliability (Ohmura et al., 2006; Simpson &
Vuchinich, 2000; C. Smith & Hantula, 2008). The two most common discounting procedures
involve binary choice (e.g., choosing between $50 now or $100 available in 1 month) or fill-
in-the-blank questions (C. Smith & Hantula, 2008). Fill-in-the-blank procedures ask
participants to name the amount they would accept immediately that would be just as good as
a larger amount (e.g., $1000) in the future (Chapman, 1996; C. Smith & Hantula, 2008). C.
Smith and Hantula (2008) found there was a moderate correlation coefficient (r =.75)
between the k values from fill-in-the-blank and binary-choice procedures, showing good
alternate-forms reliability, however, the correlation between the AUC values from the two
procedures was weak (r =.33). They also found no differences observed between
administering the delay-discounting task via pen-and-paper or a computer (C. Smith &
Hantula, 2008).

Simpson and Vuchinich (2000) investigated reliability using a hypothetical monetary
reward task, where they asked participants to choose between a smaller-sooner amount and a
larger-later amount, in two sessions, 1 week apart. The subjective values from the two delay-
discounting tasks which were taken 1 week apart were strongly correlated at delays greater
than 1 month (Simpson & Vuchinich, 2000). Furthermore, derived k values from the two
tasks 1 week apart were also significantly moderately-to-strongly correlated (r = .91 when k
was calculated by Equation 2, and r = .74 for k, and r = .79 for s when calculated by Equation
3), indicating delay-discounting tasks have good reliability across 1 week (Simpson &
Vuchinich, 2000). Furthermore, discount rates (k) and AUC values for delay and probability-
discounting tasks, showed good reliability across 3 months (Ohmura et al., 2006).

Delay-discounting tasks also have good validity (Du et al., 2002; C. Smith & Hantula,
2008). C. Smith and Hantula (2008) found moderate convergent validity between the derived
k values (from the hyperbolic model) and the Eysenck Personality Questionnaire Impulsivity
(EPQ-I) scale, and a lack of correlation with scores on Zuckerman’s Sensation Seeking Scale
- Disinhibition (SSS-D), showing good divergent validity. Questions from the EPQ-I relate to
a decision where a reward is compared against an uncertain future outcome whereas the

questions from the SSS-D focus on evaluating choices between immediate consequences
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only. As discounting performance was significantly correlated with the EPQ-I, and not
correlated with the SSS-D, the findings indicate that discounting is related to impulsivity and
not to disinhibition, thus showing good convergent and divergent validity (C. Smith &
Hantula, 2008). Furthermore, delay-discounting tasks have been used across cultures and
there are no significant differences as a function of the culture of participants, other than

small differences in the steepness of the discounting function (Du et al., 2002).

Variations of Discounting

In some scenarios, the immediate consequence of making an impulsive decision might
be uncertain. For example, running a red light might get a driver to their destination faster,
but they might have an accident. Choosing to stop is seen as less impulsive, as the driver is
more likely to get to their destination safely. Discounting tasks that involve uncertainty in the
likelihood of the outcome are known as probabilistic discounting, where the delay is replaced
with the probability of an outcome occurring (McKerchar & Renda, 2017; Rachlin et al.,
1991). Probability-discounting tasks are used as a metric for risk-taking behaviour, as the
participant chooses between a smaller-certain outcome and a larger-uncertain outcome
(Rachlin et al., 1991). The subjective value of the outcome decreases as the likelihood of
receiving the outcome decreases (McKerchar & Renda, 2017). Choosing larger, less certain
outcomes is considered riskier than choosing smaller, more-certain outcomes (Oliveira &
Green, 2012). Exhibiting self-control in probabilistic discounting means choosing the smaller
more-certain outcomes over larger less-certain outcomes, which is the opposite to delay
discounting, where choosing the smaller-sooner option is more impulsive (Oliveira & Green,
2012). Probabilistic discounting is more likely to involve a loss rather than a gain, meaning
the participant must choose between losing a small but certain amount, or a larger amount at
a varied probability (Oliveira & Green, 2012). Consider insurance as an example, the insured
person chooses to pay a small but certain amount for their insurance policy to avoid a
potentially larger cost to them in an event such as fire, theft, or illness. Not being insured is
considered riskier, as, in the event of a house fire, the person may struggle to replace their
house and contents, whereas, having insurance would mean the cost is covered by the insurer.
Therefore, being insured is perceived as less risky, as although the likelihood of a fire
occurring is slim, the person chooses the smaller more-certain outcome rather than the larger
but less certain outcome.

Probability discounting is analysed similarly to delay discounting. Participants make a
series of decisions of across varied probabilities of receiving an outcome (e.g., 95%, 90%,
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50%, 30%, 10%, and 5%), and their indifference points are plotted against the likelihood of
the risk occurring, calculated as an odds against ratio. Odds against is calculated as:

©=(1-p)/p )

where © represents odds against and p is the likelihood of the outcome occurring

(percentage). In calculating the discount rate, the delay in the exponential (Equation 1),
hyperbolic (Equation 2), and an extended hyperboloid (Equation 3) functions is replaced by
odds against. Similarly to delay discounting, hyperboloid functions tend to provide a better fit
for probabilistic discounting data and can be used to describe discounting for both gains and
losses (Estle et al., 2006; Oliveira & Green, 2012).

Although money is a common discounting commodity, many outcomes have been
used, such as alcohol (e.g., Odum & Rainaud, 2003), food (e.g., Odum & Rainaud, 2003;
Robertson & Rasmussen, 2018), health (e.g., Berry et al., 2017; Bleichrodt et al., 2016;
Chapman & Elstein, 1995; Seaman et al., 2016), environmental outcomes (e.g., Kaplan et al.,
2014; Sargisson et al., 2021; Sargisson & Schoner, 2020), and others (e.g., Foreman et al.,
2019; Lawyer & Schoepflin, 2013; Weatherly & Ruthig, 2013; Weatherly et al., 2010).
Commodities are often valued differently (Weatherly et al., 2010), for example, money has
been found to be less steeply discounted than alcohol and food (Odum & Rainaud, 2003),
health more steeply than money (Chapman & Elstein, 1995), and environmental outcomes
differently to health outcomes (Hardisty & Weber, 2009).

For some commodities, it is difficult to use real outcomes. Researchers are unable to
deliver large amounts of money or provide financial outcomes over very long delays. It
would be unethical to manipulate outcomes involving a person’s health or the environment,
so hypothetical outcomes must be used. However, researchers have found that people
discount real and hypothetical outcomes similarly (Horn & Freund, 2021; Locey et al., 2011;
Madden et al., 2003; Robertson & Rasmussen, 2018). Hypothetical scenarios are more
frequently used for health and environmental outcomes where they may give insight into
people’s preferences, motivations, and behaviours, allowing governments to use the
information to encourage safer or healthier habits (Attema, 2012). Where possible, risk-
taking should be measured through realistic examples, as they are a better predictor of actual
behaviour than self-report measures or behavioural tasks (Bran & Vaidis, 2020). To examine
risk-taking through a realistic example of decision-making, participants are usually given a
description of a situation and then asked to choose between two options. For example,
Bleichrodt et al. (2016) asked participants to choose between two treatment options varying
in efficacy, as they were described to be experiencing chronic back pain. Treatment A was
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offered immediately and Treatment B at a point in the future, but Treatment B was more
effective in treating the back pain than Treatment A, which is a smaller-sooner, or larger-later
scenario (Bleichrodt et al., 2016). As the time to receiving Treatment B increased,
participants were more likely to choose the less effective option, Treatment A, to treat their
back pain (Bleichrodt et al., 2016).

Risk-taking is very subjective, with people accounting for whether the loss would
cause significant impacts, and their own capability, skills, and experience to navigate the risk
(Bran & Vaidis, 2020). People who have large financial savings or earnings may perceive the
loss of a sum of money as less significant compared to someone living on a tight budget.
Someone who has completed a snake identification and handling course will likely perceive
picking up a snake differently to someone who cannot identify whether the snake is
venomous or not. Thus, in the study of risk-taking, measures which lower the subjectivity of
risk should be used: situations should present a loss which would be significant for most, and
where possible skills and experience do not provide an advantage (Bran & Vaidis, 2020).
Risk-taking measures should also be real-world examples of decisions people make to ensure
that scenario-based discounting is a useful tool for exploring hypothetical choices.

As scenarios vary a little from the binary choice discounting ‘would you rather this or
that’ questions, the response mechanisms also vary. Similar to using a fill-in-the-blank
procedure, Kaplan et al. (2014) used a visual analogue scale (VAS) for participant responses
instead of a binary choice. The VAS is a subjective measure which allows participants to rate
their behaviour on a line, representing a 0-100 scale, usually with qualifiers on each end. In
their research on environment concerns, Kaplan et al. (2014) asked participants to rate their
concern about, and how likely they would be to act to prevent, an environmental outcome
across different discounting dimensions. The participants’ indication on the scale is then their
subjective value (or indifference point). By using hypothetical scenarios, researchers can
determine which factors influence decision-making, by providing the participant with the
context of the decision. Using scenarios allows for researchers to explore risk-taking through

discounting in a wider range of situations.

Summary

Risky decision-making seems to be influenced by social factors such as peer presence
(O'Brien et al., 2011) or even assumed presence (Weigard et al., 2014). While peer presence
is thought to have a negative effect on decision-making leading to more risky choices, it

remains unclear whether the effect of peer presence is similar to when a peer is encouraging
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risk (peer influence). In addition, peers may also provide a protective effect, for example,
when provided with a risk-averse opinion, a person’s decision-making may change to reflect
a safer, healthier choice. Therefore, we were interested in exploring why peer presence is
assumed to be negative, and whether the presence of peers can be negated by providing a
risk-averse opinion. Given that there are differences in the way peer influence is defined in
the literature, it is crucial to investigate the nuances between the effect of present peers, and
peers who provide an opinion.

Furthermore, although it appears young people are affected by peers, it is still unclear
whether older adults are affected to the same degree as young adults. There is some evidence
which suggests that decision-making by adults is less affected by peers, although the term
peers in the peer-influence literature often implies friends. Therefore, we considered whether
the influence of peers differs across relationship types (e.g., friends or partners) as people
age, rather than decreasing entirely.

In addition, it remains unclear whether men are more susceptible to peer influence
than women, and, if so, whether they are more susceptible to both negative and positive peer
influence. In summary, the effect of peers and the role of age and gender on peer influence is
still misunderstood, in particular what decisions are affected, and whether social influence

factors change by age and gender.

Overview of Studies

To address the gaps in understanding of the effects of peers, age, and gender on risky
decision-making, we designed the series of studies presented in this thesis which focus on
these three factors. More specifically, we aimed to examine whether there was a difference
between peer presence and peer influence on decision-making, determine the effects of
positive and negative peer influence on behaviour in relation to peer presence and peer
absence, and whether the type of peer affects decision-making. Furthermore, we aimed to
understand the effects of age and gender on decision-making, and gain further insight into
whether younger people, or men, are more susceptible to the effects of peers.

In Study 1, we used a similar procedure to O'Brien et al. (2011) by exploring whether
the physical presence of a same-age, same-gendered peer influenced delay-discounting
behaviour. We also aimed to examine whether delay-discounting behaviour differed by age
or gender.

We experienced several methodological issues with Study 1, such as small sample

size and uneven gender distribution. Therefore, in an attempt to overcome recruitment
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difficulties, we recruited participants for our subsequent studies using Amazon’s Mechanical
Turk (mTurk). Furthermore, we took a broader approach to assessing decision-making in
subsequent studies using real-world examples of where peers may be present, as participant’s
peers are unlikely to be involved in their monetary decision-making. Therefore, in Studies
2.1-3.2, we used a scenario-based probability-discounting task as a measure of risky decision-
making.

Study 2.1 investigated the difference in the effect of peer presence compared to
negative peer influence (a risk-promoting opinion given by a peer), alongside a peer-absent
condition. Study 2.2 extended Study 2.1 by comparing positive peer influence (risk-averse
opinion) to decision-making in peer-absent, peer-present, and negative peer influence (risk-
promoting opinion) conditions. Both Studies 2.1 and 2.2 also examined whether peer
presence, or peer influence, either positive or negative, differ by age or gender.

Studies 3.1 and 3.2 in Article 3 examined broader social influence on risky decision-
making. In early 2020, a global pandemic was declared in response to COVID-19. As a
relevant topic at the time of these studies, the scenarios described in Article 3 focus on
whether people would be willing to break lockdown requirements in three different contexts,
under different likelihoods of receiving a fine for not following the health orders (probability
discounting). Study 3.1 explored whether there was a difference in risk-taking behaviour
under the influence of three different social contacts: parents, partners, and friends. Study 3.2
built on Study 3.1 and explored the relationship between risk-taking and the degree of
closeness with the social contact. Participants were asked how likely they would be to risk
getting a fine for not following the lockdown requirements, under three different situations,
for five social contacts with different levels of closeness (Person #1 being the closest person
in the world and #100 being a distant acquaintance). We also explored whether socially
influenced risk-taking differed by age and gender.

For the studies presented in this thesis we analysed the data using Equation 3, as
Rachlin’s (2006) 2-parameter hyperboloid was the best fit for the delay-discounting data in
Study 1, and the probability-discounting data in the subsequent studies, where delay was
replaced with odds against (calculated using Equation 5). We also calculated the AUC values
for each participant using Equation 4 in all studies. Where results using k (calculated from
Equation 3) and AUC were similar, we have only presented the findings from the k values
throughout this thesis for brevity. In Study 1 comparisons between conditions using AUC and
k differed, and therefore analyses using both AUC and k are presented for Study 1 (Chapter
2). No difference in the overall findings from the subsequent studies was observed.
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Chapter 2
Article 1

Impulsive decisions can lead to risk-taking behaviour including smoking, drug use,
binge drinking, criminal activity, gambling, risky driving behaviours, and unsafe sexual
practices (see G. C. Patton et al., 2016, for a review). An impulsive choice is one made
without forethought, planning, or consideration for consequences. Impulsive choices may
also be risky, where the decision has the potential to lead to negative consequences, such as
getting sick, injured, or facing prosecution. Due to the potential harm associated with risk-
taking, it is useful to understand factors that influence decision-making that can lead to risky
choices.

The presence of peers increases the likelihood of risky or impulsive decisions for
adolescents and young adults (e.g., Bingham et al., 2016; de Boer et al., 2016; Gardner &
Steinberg, 2005; O'Brien et al., 2011; Simons-Morton et al., 2014; A. R. Smith et al., 2014;
van Hoorn et al., 2017). O'Brien et al. (2011) found adolescents observed by two peers
discounted future outcomes more steeply, compared to those who were alone. Moreover,
participants who simply believed they were being observed by peers in another room showed
similar differences, meaning the peers may not need to be physically present to increase
impulsivity (Weigard et al., 2014). Risk-taking on laboratory-based measures also increased
in the presence of peers (Chein et al., 2011; Gardner & Steinberg, 2005). Somerville et al.
(2018) suggests that the effect of peers on decision-making is greater when the peers directly
observe the decisions being made, rather than being simply present but unable to observe the
choice.

Several studies have also examined the effects of age on decision-making (see Defoe
et al., 2015). It is suggested that during the transition from childhood to adulthood, people
exhibit greater risk-taking (Duell et al., 2018; Mata et al., 2011). As new opportunities arise
that people were unable to experience at an earlier age (e.g., exposure to alcohol), people
begin to explore and experience the consequences of these new behaviours (Josef et al., 2016;
Mata et al., 2011; Romer et al., 2017). In comparison with adults, impulsive choices and risk-
taking behaviours are more common for adolescents and young adults (Bixter & Rogers,
2019; Blakemore, 2018; Defoe et al., 2015; Defoe et al., 2019; Gardner & Steinberg, 2005).
However, some measures of impulsivity and risk-taking show differences in age more so than
others. Both Olson et al. (2007) and Scheres et al. (2006) found that discount rates decreased
with age on a delay-discounting task, but not on a probability-discounting task. Furthermore,
younger adults exhibited more risk-taking than older adults on a laboratory-based measure of
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risk-taking, but the two groups did not differ on two self-reported measures of risk-taking
(Wilson et al., 2021). Typically, researchers have found low correlations, or no relationship,
between self-report measures and laboratory-based tasks said to assess impulsivity (Cyders &
Coskunpinar, 2011; Hasegawa et al., 2019; Odum, 2011b). Additionally, mid-to-late
adolescents reported higher real world risk-taking than early adolescents, despite early
adolescents exhibiting higher risk-taking than mid-to-late adolescents on laboratory-based
tasks (Defoe et al., 2015).

The pattern of impulsivity across age is often described as an inverted U-shape, where
impulsivity peaks in adolescence and young adulthood, and decreases in adulthood (Rolison
et al., 2014; Steinberg, 2008; Steinberg et al., 2008; Steinberg et al., 2018). Steinberg and
colleagues (2008) suggested that during young adolescence, risk-taking increases because
young people are more sensitive to rewards, particularly when in the presence of their peers
(Albert et al., 2013; Chein et al., 2011; Steinberg, 2008; Steinberg et al., 2008). It is theorised
that younger people are more afraid of social rejection from the peer group; thus they are
more susceptible to peer influence compared to adults (Andrews et al., 2021; McCoy et al.,
2017). Peers add social reinforcement to the decision-making environment, making risk-
taking more rewarding, and therefore, more likely to occur (Steinberg, 2008).

As men are over-represented in statistics for substance abuse, dangerous driving,
aggression, and delinquency, numerous studies have examined the effects of gender on
impulsivity and risk-taking (e.g., Barr et al., 2015; Bener, 2013; Burton et al., 2007; Chen &
Jacobson, 2012; Harris et al., 2006; Jianakoplos & Bernasek, 1998; Stoltenberg et al., 2008).
Young men tend to be more impulsive than young women and have a higher preference for
risk (Byrnes et al., 1999; Cross et al., 2011; de Boer et al., 2016; Dohmen et al., 2011,
Gardner & Steinberg, 2005). Similarly to age, these findings also differ across measures. A
meta-analysis on gender differences showed that on the BART, men made more risky
decisions, but on a delay-discounting task men and women showed no differences (Cross et
al., 2011). In addition, whether gender differences are observed may depend on whether
hypothetical or real outcomes are used. Some research has shown that women discount
hypothetical rewards more steeply than men (Beck & Triplett, 2009; C. Smith & Hantula,
2008; Weafer & de Wit, 2014), however, when a real outcome was involved, men discounted
more steeply (e.g., Kirby & Marakovi¢, 1996). Men tend to be more focused on the perceived
value rather than frequency or certainty, whereas women tend to choose smaller, but more-
certain outcomes (Byrne & Worthy, 2016; Cornwall et al., 2018). Therefore, men and women
make different decisions based on the perceived likelihood of an actual outcome occurring.
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Men and women also perceive risk differently: men are less likely, and women more
likely, to see an activity as risky (Reniers et al., 2016). Additionally, men report a greater
willingness to seek out novel experiences than women (Cross et al., 2013). Rice and Winter
(2019) found that women were less willing than men to ride in a driverless car and anticipate
that this activity would be less enjoyable and of less value. Therefore, men and women
perceive both risk and reward differently, which are crucial components of decision-making.

Research suggests that young men are more susceptible to peer influence compared to
young women (e.g., de Boer et al., 2016; Defoe et al., 2020). Defoe et al. (2020) showed that
young men and women engaged in similar rates of risk-taking behaviour when alone,
however, young men exhibited greater risk-taking, compared to young women, in the
presence of two same-aged peers of the same gender. de Boer et al. (2016) also found risk-
taking between young men and women were similar, except when they were in groups. In
groups of three, male adolescents made more risky choices than those who were alone; young
women showed a similar pattern, but the difference between those who were alone and those
in groups was not significant (de Boer et al., 2016). The gender composition of the groups
also had an effect: groups of male-only adolescents showed the highest risk-taking, followed
by groups consisting of both young men and women, with female-only adolescent groups
showing the least risk-taking (de Boer et al., 2016). These studies show that male adolescents
appear to be more susceptible to peer influence, particularly in the presence of other young
men. A review on the susceptibility of peer influence by gender found that in approximately
half of the reviewed literature, men were more susceptible to peer influence than women
(McCoy et al., 2017). In the remaining literature, no gender difference was observed in peer-
influence susceptibility (McCoy et al., 2017). Therefore, it is difficult to ascertain whether
there is a difference in risk-taking behaviour between men and women, and also whether men
are more susceptible to the influence of peers compared to women.

In summary, peers can increase impulsive and risky decisions, however, the effect
appears to be moderated by age, where young people are found to be more susceptible to peer
influence than adults (Gardner & Steinberg, 2005). Studies generally find that impulsivity
and risk-taking are increased during adolescence and decrease with age, however, when this
increase occurs depends on how risk-taking and impulsivity are measured. It is unclear
whether men make more impulsive or risky choices than women or are more susceptible to
peer influence when observed by same-gendered peers. While it seems men and women
perceive risk and reward differently in decision-making, gender differences are also

inconsistent across measures. Therefore, our aim for the present study was to examine factors
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influencing decision-making with a focus on peer presence, age, and gender. We investigated
whether participants respond differently to a delay-discounting task in the presence of their
peers (using a procedure similar to that of O’Brien et al., 2011). Delay discounting has been
used to examine the effects of peers (e.g., O'Brien et al., 2011; Weigard et al., 2014), age
(e.g., de Water et al., 2014; Olson et al., 2007; Scheres et al., 2006), and gender differences
on decision-making (e.g., Cross et al., 2011; Weafer & de Wit, 2014). We expected that
participants who were in the presence of peers would take more risks than participants who
were alone. We also investigated whether responses on two self-report measures of
impulsivity, and performance on a delay-discounting task, differed with age or gender. We
hypothesised that younger participants would discount more steeply and exhibit more
impulsivity and sensation-seeking than older participants. We expected that men would
exhibit more impulsivity and report more sensation-seeking, but discounting would not differ

between men and women.

Study 1

Method
Participants

We recruited a total of 197 participants, 97 individual participants, and 50 pairs of

participants. Data from seven individuals and one pair were discarded as the data from the
self-report measures and the delay-discounting task were unable to be matched, or were
incomplete, so the final sample was 90 individual participants (63 women, 27 men; Mage =
24.72, 95% CI [22.96, 26.48]) and 49 pairs (78 women, 20 men; Mage = 19.53, 95% ClI
[19.02, 20.04]). Participants were recruited through posters placed around the School of
Psychology and via Facebook, where psychology graduate students shared the posters with
their friends and family. We initially focused on recruiting single participants for the alone
condition, followed by the peer condition where participants were asked to bring a friend of
the same age and gender. All participants received either course credit toward an
undergraduate psychology course or a draw entry to win a supermarket voucher valued at
$50.00 NZD. This project was approved by the University of Waikato’s Psychology Research
and Ethics Committee (#15.50).

Measures

All participants completed a questionnaire on Qualtrics (https://www.qualtrics.com/).

The items included demographic questions and two different self-report measures of
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impulsivity; the Brief Sensation Seeking Scale (BSSS) and the Barratt Impulsiveness Scale
(BI1S-11). The BSSS has eight Likert-scale items with five options taken from Zuckerman’s
Sensation Seeking Scale (Hoyle et al., 2002) intended to show impulsivity within the
construct of sensation-seeking. It has two questions from four different concepts related to
sensation-seeking — disinhibition, thrill-seeking, experience seeking, and boredom (Hoyle et
al., 2002). Participants’ answers were summed to give a total score for the BSSS. A higher
score indicates higher levels of sensation-seeking, a construct closely related to impulsivity.
BSSS scores have been positively correlated with both alcohol and tobacco use (Stephenson
et al., 2007). The BSSS has adequate internal consistency, with a Cronbach’s alpha of .70 for
a sample of 789 participants aged between 18-30 (Stephenson et al., 2007), and .76 in a study
of more than 7000 adolescents (Hoyle et al., 2002). The Cronbach’s alpha for the current
study was .71.

The BIS-11 (Barratt, 1959) is a 30-item self-report measure of impulsivity.
Participants are asked how they think and act with a series of statements such as ‘I plan trips

299

well ahead of time’, ‘I am a careful thinker’, and ‘I act “on impulse.”” Participants chose
from four response options based on how much these items applied to them (i.e., rarely/never,
occasionally, often, or almost always/always). The lowest possible score is 30 and the highest
is 120, though a typical score typically falls between 52-71. A higher score is indicative of
higher levels of impulsivity (Stanford et al., 2009). Although there are three main subscales
of the BIS-11, we used only the total score for each participant. The BIS-11 has adequate
internal consistency, with a Cronbach’s alpha of .82 for undergraduate students, .79 for
substance-abuse patients, .83 for general psychiatric patients, and .80 for prison inmates (J.
H. Patton et al., 1995). The Cronbach’s alpha for the current study was .75.

To measure decision-making, we used a delay-discounting task with hypothetical
monetary outcomes. In delay-discounting tasks, participants typically choose between a
smaller, immediate amount of money, or a larger but delayed amount, for example, “would
you rather $500 now or $1000 in a week?” (C. Smith & Hantula, 2008). Participants made a
total of 54 decisions, nine decisions at each of the six delays. We used an adjusting-amount
procedure, where the immediate value systematically changed based on the participant’s
previous decision, and the delayed option remained constant at $1000 (see Mazur, 1987). For
example, if a participant was first presented with “would you rather $200 now or $1000 in
one month” and the participant chose $1000, then the new immediate value would change to
midway between the previous rejected choice ($200) and $1000. The next question in the

series would have an immediate value of $600 now. If the participant had chosen $200

24



offered now in the initial question, then the following question would be midway between the

chosen value and $0, so the next question in the series would read “would you rather $100

now or $1000 in one month.” An example is shown in Table 1.

Table 1

Example of Six Presentations of the Delay Discounting Questions and Answers using the

Adjusting Amount Procedure with a Starting Point of $500.

Question

Answer

Calculation for Next
Question

Q1: Would you rather $500 now
or $1000 in one month?

Al: $1000 in one month

Increase to midpoint
between 500-1000

Q2: Would you rather $750 now
or $1000 in one month?

A2: $1000 in one month

Increase to midpoint
between 750-1000

Q3: Would you rather $875 now
or $1000 in one month?

A3: $1000 in one month

Increase to midpoint
between 875-1000

Q4: Would you rather $937.50 now
or $1000 in one month?

A4: $937.50 now

Decrease to midpoint
between 875-937.50

Q5: Would you rather $906.25 now
or $1000 in one month?

A5: $1000 in one month

Increase to midpoint
between 906.25-937.50

Q6: Would you rather $921.87 now
or $1000 in one month?

AB6: $1000 in one month

Increase to midpoint
between 921.87-937.50

The starting point was randomised for each participant, starting at an immediate value

of either $200, $500, or $800. Participants made nine decisions for each of the six delays (1

day, 1 week, 1 month, 3 months, 6 months, 1 year) presented in ascending order. Custom

software was written for the current task by University of Waikato technicians, which

calculated the next immediate value for participants, and recorded each decision made

throughout the task, to allow for calculation of an indifference point at each delay. The

indifference point was calculated as the midpoint between the last accepted immediate value

and the last rejected immediate value.

Procedure

The recruitment posters included a link for participants to schedule an experimental

session. The sessions were held in person, in a small office on the university campus, or

another location chosen by the participant where there were minimal distractions, and no

people present. When participants came to the session, they were given an information sheet
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that outlined the study. The information sheet stated that participation was voluntary, they
could withdraw from the study at any time, and they could decline to answer any questions.

Participants were told that we were investigating the effects of age on decision-
making. Our main aim, which was to investigate differences in decision-making on the delay-
discounting task between those in the alone condition and those in the peer condition, was
withheld until after the experiment. Participants were asked to sign consent forms and
indicate their preference for course credit or draw entry. Each participant was given a unique
code to enter into both the questionnaire and to begin the discounting task.

Prior to each experimental session, an internet browser was set up with two tabs, one
for the questionnaire on Qualtrics, and one for the web-based discounting task. Participants
were seated directly in front of the computer, with a standard mouse and keyboard.
Participants completed the questionnaire first, followed by the discounting task. For the
discounting task, they entered their assigned code, then answered three trial questions to
orient themselves to the task and keyboard responses. These three trial questions were
identical to the real questions of the experiment, except for the amount of money presented
($50 now or $100 later). These choices were not recorded. The values swapped left and right
sides and the response was made on the keyboard using the Z (left option) and M (right
option) keys on the keyboard. Participants then completed the delay-discounting task.

Participants were left alone for approximately 20 minutes to complete the
questionnaire and delay-discounting task. An oral debrief was then provided, explaining the
purpose of the experiment. The experimental session (including introduction and debrief)
lasted approximately 30 min.

The peer procedure was the same as outlined above, however, the role of primary
participant was assigned to whomever made contact regarding participating in the
experiment. Both participants completed the first part of the experimental session alone (i.e.,
filling out the demographics and self-report scales). For the delay-discounting task, the
primary participant sat in front of the computer and responded using the keyboard. The other
participant sat adjacent to the primary participant, in a position where they could see the
computer screen. Participants were informed they were allowed to discuss the options during
the task.

The debrief included an explanation that this study was focusing on how people make
decisions in the presence of peers. Participants were given the option of withdrawing their
data from the study if they were unhappy with the deception (of the true aims of the
experiment) that had taken place, however, no participant asked to withdraw their data.
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Analysis

Data were downloaded from both Qualtrics and Access (linked to the delay-
discounting task) and matched using the unique code assigned to each participant. Each
participant’s data consisted of their demographics, BIS-11 scores, BSSS scores, and the nine
choices they made at each delay. Data from seven individual participants and one pair was
discarded as the unique code was unable to be matched between datasets (either due to the
participant only completing one of the two tasks or incorrectly recording the unique
identifier).

For each person in the alone and peer conditions, we calculated total scores for the
BIS-11 and the BSSS. For participants in the alone condition, and the primary participant of
the peer condition (n = 49), we calculated their indifference points at each delay.

Indifference points were calculated by finding the point at which the participant
indicated equal preference for the immediate and delayed reward. The indifference point was
the midpoint between the last-accepted and the last-rejected immediate amount (Du et al.,
2002). Each participant therefore had six indifference points (one at each delay), which we
used to calculate the discount rate. The delays were converted to days: 1, 7, 30, 90, 182, and
365 days.

We used Gilroy et al.’s (2017) Discounting Model Selector
(https://www.smallnstats.com) to determine which discounting model best fit the data, by

comparing the model fits of the exponential model, Mazur’s (1987) hyperbolic model,
Myerson and Green’s (1995) model, and Rachlin’s (2006) 2-parameter hyperboloid model
(see Green & Myerson, 1996, for a review). The Discounting Model Selector provided the
parameters of each model and three evaluation metrics: Akaike Information Criteria (AlIC),
Bayesian Information Criteria (BIC), root-mean-square error (RMSE). As AIC and BIC were
not calculated for every participant for every model assessed, we choose to compare the
discounting models using RMSE and found that Rachlin’s (2006) 2-parameter model was the
best fit, consistent with the findings of McKerchar et al. (2009) and Sargisson and Schoner
(2020). Rachlin’s (2006) equation is described as:

V=A/(1+kD% (3)
where V is the participant’s indifference point, A is the maximum amount of the reward, D is
the delay until the reward can be received, k is the discount rate, and s is free to vary. The

discount rate, k, represents the slope fitted to the data; a larger k indicates steeper discounting,
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and a smaller k value indicates shallower discounting, said to represent less impulsive choices
(Green & Myerson, 1996).

Non-systematic discounters are often removed from discounting datasets using an
algorithm for identifying non-systematic data by Johnson and Bickel (2008), however, when
the criteria were applied to the current dataset the sample size was drastically reduced. Thus,
we opted to take a less conservative approach compared to removing non-systematic
discounters. Consistent with Sargisson et al. (2021), we replaced the discount rates (k) with
zeros if participants did not discount but did not remove these participants from our analyses.
We calculated whether participants discounted by examining if the difference between the
indifference point at the shortest delay (1 day) and that of the longest delay (365 days) was
equal or greater than $20 (2% difference between the indifference points). In the cases where
the difference was less than $20, the discount rate was replaced with zero (n = 14).

We also calculated the AUC values for both conditions, as AUC is considered a
theoretically neutral model of discounting (see Myerson et al., 2001). We normalised the data
into proportions before plotting it so that when plotted, the ordinate shows the proportion of
the maximum undiscounted value, and the abscissa shows the proportion of the maximum
possible delay (C. Smith & Hantula, 2008). We then calculated the trapezoids showing the
area between two indifferent points at adjacent delays, using Equation 4:

Xo - X1 [(Y1+Y2)/2] 4)
The AUC for an individual’s discounting behaviour is the product of the summed values of
the trapezoids, ranging between 0.0 to 1.0 (Myerson et al., 2001). An AUC value which is
closer to 1.0 indicates shallower discounting (lower impulsivity), and an AUC value which is
closer to 0.0 represents steeper discounting (greater impulsivity). The relationship between
AUC values and k values showed a moderate negative correlation, rs(138) = -.56, p < .001.

As both k and AUC values violated normality (p < .001), we used non-parametric
analyses for comparisons. We used a Mann-Whitney U test to compare discounting
behaviour of participants in the alone condition with those in the peer condition. We used
Spearman’s correlation to examine whether there were relationships between age, k values,
AUC values, BIS-11 total scores, and BSSS total scores. We also used Mann-Whitney U tests
to compare discounting behaviour, BSSS scores, and BIS-11 total scores, between men and

women.
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Results

Our main aim was to compare discounting behaviour for those who answered the
discounting task alone to those who participated in the presence of their same-age, same-
gendered peer. Figure 2 shows the median indifference points across the six temporal delays
for participants in the alone (n = 90) and peer conditions (n = 49). As the delay increased,
participants’ indifference points decreased, meaning as time to the larger reward increased,
participants in both conditions were more likely to choose the smaller-sooner reward. Figure
2 shows that participants in the peer condition exhibited steeper discounting, compared to
those in the alone condition. However, when we compared the discount rate, k, between the
two conditions using a Mann-Whitney U test, we found no significant differences between
those who answered the discounting task alone (Mdn = .02) or those who answered the task
alongside a peer (Mdn =.01), U =2096.00, Z = -.376, p = .70, r =-.03.

Figure 2

Median Indifference Points Across Delays for Alone and Peer Conditions
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We also compared discounting between those in the peer condition to those in the
alone condition using AUC. Using a Mann-Whitney U test, we found a significant difference
between those who answered the discounting task alone (Mdn = .59) and those who answered
the task alongside a peer (Mdn =.47), U = 1656.50, Z =-2.42, p = .02, r = -.21. Those in the
peer condition showed steeper discounting, therefore producing a significantly lower AUC,
compared to those in the alone condition.

As there were differences in the analyses between the discount rate as calculated by
Rachlin’s equation and the AUC values, exploratory analyses were conducted to examine if

there were any differences between the six indifference points, between the alone and peer
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conditions (Table 2). We found there were significant differences in the indifference points at
182 and 365 days, but no significant differences at the other delays (p > .05). Therefore, at

the two longest delays, those in the peer condition had significantly lower indifference points,
showing a greater tendency to pick the smaller-more immediate option, compared to those in

the alone condition.

Table 2
Mann-Whitney U Results Comparing the Indifference Points from the Peer and Alone
Conditions by Delay
1 7 30 90 182 365

Z -1.49 -0.38 -1.07 -1.50 -2.80 -2.28

Sig. 14 .70 .28 13 .005 .023

N 139 139 139 139 139 139

R -0.13 -0.03 -0.09 -0.13 -0.24 -0.19

Participant age (Mdn = 19.00, IQR = 18.00 - 24.00) was not related to BSSS scores,
rs(187) = -.09, p = .23, or BIS-11 total scores, rs(179) = .03, p = .69. Discount rates (k) were
also not related to participant age, rs(137) = -.11, p = .22, but AUC was weakly negatively
correlated with age, rs(138) = .19, p = .03, indicating that younger participants made more
impulsive choices than older people when using AUC values as a measure of discounting.

We found no significant differences between the scores of male and female
participants for the scales (BSSS: U = 3164.50, Z = -.46, p = .64, r =-.03, BIS-11: U
=2789.00, Z = .68, p = .50, r = -.05), nor for the k or AUC values for the delay-discounting
task (k: U = 1862.00, Z =-.03, p =.98, r =-.00, AUC: U =1877.00, Z =-.05,p= .96, r =
-.00).

As exploratory analyses, we examined the relationship between the three measures of
impulsivity. We found that both discount rate (k) and AUC were related to scores on the BIS-
11, k: rs(132) = .18, p = .04, , AUC: r5(133) = -.26, p = .003, showing that higher self-
reported impulsivity was associated with greater discounting. Discounting was not related to
scores on the BSSS, k: rs(138) = .13, p = .13, AUC: r5(139) = -.14, p = .10. Scores on the two
self-reported measures were related, meaning higher impulsivity was associated with greater
sensation-seeking, r(180) = .30, p <.001.
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In conclusion, when comparing discounting behaviour between those who were alone
and those with a peer, we found those who were with a peer had significantly lower AUC
values than those who completed the task alone. However, when using k as calculated by
Rachlin’s 2-parameter hyperboloid model we found no difference in the discount rates for
those who answered the delay-discounting task alone compared with those who were
observed by a peer. In exploratory analyses, we found significantly smaller indifference
points (showing more impulsivity) at the two longest delays for those in the peer condition.
Furthermore, we found no relationship between age and k values, self-reported impulsivity,
or sensation-seeking, however we did find a weak, but significant, relationship between age
and AUC values. We found no differences between men and women. Discounting behaviour
was not correlated with scores on the BSSS but were correlated with those on the BIS-11.
Greater self-reported impulsivity was associated with higher discount rates and lower AUC
values. Scores on the two self-reported measures were related, meaning participants who

reported higher impulsivity also reported greater sensation-seeking.

Discussion

We hypothesised that those who completed the delay-discounting task alone would
show shallower discounting than participants who were observed by a peer. Our data showed
significantly steeper discounting in the peer condition when comparing the AUC values for
those who completed the task alone compared those who were observed by a peer, but no
significant difference between k values, calculated by Rachlin’s equation. Given the
inconsistencies in conclusions based on how we measured discounting behaviour (through
Rachlin’s commonly used discounting model, or through AUC, a theoretically neutral model
of discounting), these findings should be treated with caution. We also expected younger
participants would exhibit greater discounting behaviour than older participants, however, our
findings differed based on the measure of discounting. We found a weak relationship between
age and AUC values, showing younger people exhibited greater discounting when
discounting was measured by AUC values, but no relationship between age and the discount
rate (k). Age was not correlated with self-reported impulsivity or sensation-seeking.
Furthermore, we expected men would show higher rates of impulsivity and sensation-seeking
compared to women. On all three measures, we found no difference between the scores of
men and women.

Our main aim was to investigate whether peers affected decision-making on a delay-
discounting task, simply by being present. Using similar methodology to O'Brien et al.
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(2011), we asked participants to complete in a delay-discounting task either alone, or with
one peer present (a same-aged friend of the same gender). We found that while those in the
peer condition showed greater rates of discounting, this difference was not statistically
significant when using k values, but significant differences were observed between AUC
values, and between indifference points at the two longest delays. Although we found that
there was a difference in AUC values between those in the peer condition and those in alone
condition, overall our findings were inconsistent with previous literature which shows the
presence of peers leads to more impulsive or risky decisions (e.g., Gardner & Steinberg,
2005; O'Brien et al., 2011; Simons-Morton et al., 2014; A. R. Smith et al., 2014; van Hoorn
etal., 2017; Weigard et al., 2014).

Our findings were inconsistent with those of O'Brien et al. (2011), who found that
those in the peer condition showed significantly steeper discounting, using discount rates (k),
than those in the alone condition. We considered whether the methodological differences
between our study and that of O'Brien et al. (2011) account for the difference in findings.
O'Brien et al. (2011) had a larger sample size (N = 100), more men in their sample (n = 52),
and they used two peers instead of one. The small sample size or proportion of men in our
sample may explain the difference in findings. If men are more susceptible to peer presence
than women (as found by de Boer et al., 2016; Defoe et al., 2020), then the small number of
men may have lessened the effect of peer presence on the overall sample. Furthermore, we
found it difficult to recruit participants with two same-aged same-gendered peers, so we
asked participants to bring only one peer with them. Therefore, we also consider whether
O’Brien’s (2011) use of two peers may have amplified the effect of peer presence.

It is widely reported that younger participants make more impulsive decisions than
adults (Bixter & Rogers, 2019; Defoe et al., 2019; Gardner & Steinberg, 2005; Olson et al.,
2007; Romer et al., 2017; Wilson et al., 2021). We expected that impulsivity measured
through the BIS-11 and discounting would decrease with age, however, age was only
correlated with AUC values, but not discount rates (k) in our study. These findings differ
from previous studies which have shown differences in delay discounting across age (Bixter
& Rogers, 2019; de Water et al., 2014; Olson et al., 2007; Scheres et al., 2006). We consider
the whether our sample may explain these findings. Our sample largely consisted of an adult
population, with the majority of participants being over the age of 18 years. We also had a
truncated sample (Mdn =19.00, IQR = 18.00 - 24.00) which could have reduced the size of
our correlation coefficients between measures and age. As impulsivity is typically associated
with adolescence (Steinberg et al., 2008), it is possible we did not observe a relationship
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between impulsivity and age as our sample was mostly adults. Furthermore, it is possible that
the task type affected our findings. Horn and Freund (2021) compared delay discounting
between younger (20-29 years) and older adults (61-82 years) and found no difference in
discounting, similar to our findings. Bixter and Rogers (2019) suggests that younger adults
are more sensitive to larger magnitudes; younger participants will exhibit higher rates of
discounting for smaller rewards but will exhibit lower rates for larger rewards. Therefore,
perhaps the outcome magnitude also contributed to finding no relationship between age and
discount rates.

For our experiment, participants were asked to discount money. Willoughby et al.
(2021) found that early adulthood (19-29 years) was a time where risk-taking was most
prevalent over different risk-taking domains (financial, social, health, ethical, and
recreational). Young adults were found to take greater risks than adults in all domains, but the
difference was only significant for social, recreational, and health outcomes, but not financial
or ethical outcomes (Willoughby et al., 2021). Thus, it may be that we did not observe a
relationship between age and discounting because we asked participants to discount monetary
outcomes and did not examine other types of decisions.

Our results also showed no significant difference between men and women’s rates of
discounting, which is consistent with previous literature that found no difference between
men and women’s behaviour on a delay-discounting task (Cross et al., 2011), however, due to
our sample being recruited from mostly undergraduate psychology classes, men were under-
represented (approximately 28% of the sample). Therefore, further research is needed to
explore gender differences using a more evenly split sample across gender, and using
different outcomes, to understand whether differences exist between men and women in
decision-making.

As impulsivity can lead to risk-taking behaviour where there is a potential to cause
negative outcomes, we suggest broadening our approach to the study of decision-making to
include risk-taking. Moreover, we suggest broadening the outcomes used in future research to
provide insight into how risk-taking differs by outcome. Therefore, researchers could
examine whether specific risk-taking domains are more influenced by peers. Furthermore, to
answer questions on the effects of both age and gender on risk-taking, we suggest future
research should include a sample with a wider range of ages, and a more equal distribution of

men and women.
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Chapter 3
Article 2

People often involve their friends and family in the big decisions in their lives. Rarely
would someone decide to move across the country for a new opportunity, select a treatment
for cancer, or choose where to attend university, without discussing the decision with a friend
or family member. Simply put, decision-making rarely happens in isolation, regardless of
whether the outcomes of the decision have an effect on other people.

Given that people make decisions in the presence of others, it is important to research
how the presence of others influences decision-making. Many studies have shown that the
presence of peers can increase the likelihood of risky decision-making, particularly for
adolescents and young people (e.g., Bingham et al., 2016; Gardner & Steinberg, 2005;
Kessler et al., 2017; O’Brien et al., 2011; Simons-Morton et al., 2014; A. R. Smith et al.,
2014; van Hoorn et al., 2017). There are two main methods used to research peer influence
on decision-making. The first is to provide an opinion of what the peer would do in that
situation (e.g., Gilman et al., 2014), and the second assumes influence by comparing
decision-making in the presence of a peer, either real or assumed, to decision-making in the
absence of peers (e.g., O’Brien et al., 2011; Weigard et al., 2014). Using the first method,
informing participants that a peer had chosen the smaller-sooner option (in a delay-
discounting task) increased the likelihood of participants (aged 18-25) choosing smaller-
sooner rewards (Gilman et al., 2014). Similarly, O'Brien et al. (2011) observed that the
discounting curves of 18-to-20-year-old participants were steeper (showing increased risk-
taking) when they were in the presence of two peers, than those of participants who were
alone. Increased risk-taking in the presence of peers is not limited to a known peer, or the
physical presence of a peer (Weigard et al., 2014), but occurs when peers are thought to be
actively monitoring the choices made (Somerville et al., 2018). Therefore, both peer presence
and peer influence, either physical or virtual, real or assumed, can lead to an increase in risk-
taking (Gilman et al., 2014; O’Brien et al., 2011; Weigard et al., 2014).

Young people are thought to be more sensitive to rewards when in the presence of
their peers resulting in adolescents showing increased risk-taking (Albert et al., 2013,
Shulman et al., 2016; Steinberg et al., 2008; Steinberg & Calkins, 2010; Steinberg &
Monahan, 2007). Gardner and Steinberg (2005) found adolescents (13-16 years) and youths
(18-22 years) made riskier decisions in the presence of their peers, but adults (over 24 years)
were less influenced by the presence of peers. Therefore, although young people show
increased risky behaviour in the presence of peers (e.g., O’Brien et al., 2011; Weigard et al.,
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2014), the response to peer presence appears to change with age (e.g., Gardner & Steinberg,
2005).

Peers can also act as a source of support, providing protection against risk, or even
increasing prosocial or healthy decisions (e.g., Cascio et al., 2015; Choukas-Bradley et al.,
2015; Simons-Morton et al., 2014; van Hoorn et al., 2014). In some cases, friends and
romantic partners can intervene during decision-making, reducing behaviours such as
speeding or drunk driving (Buckley & Foss, 2012). Being exposed to risk-averse peers has
also led to less risky decisions (e.g., Bingham et al., 2016; Cascio et al., 2015; Simons-
Morton et al., 2014; Tomova & Pessoa, 2018). Perceived social support has also been
associated with the decisions people make, where participants with higher levels of social
support made less risky choices compared to participants with lower levels of social support
(Weatherly & Ruthig, 2013). When the outcomes negatively affect others, young people have
been found to make less risky monetary decisions (Ertac & Gurdal, 2012). Furthermore,
people can be concerned with how peers may perceive them when negative outcomes are
more probable, which results in making less risky decisions when others are present (Reniers
et al., 2017). Therefore, there is evidence that peers can act as a protection against making
risky decisions under certain circumstances (Choukas-Bradley et al., 2015; Reniers et al.,
2017; Simons-Morton et al., 2014; Tomova & Pessoa, 2018; van Hoorn et al., 2014;
Weatherly & Ruthig, 2013).

Gender also appears to play a role in risk-taking behaviour — young men tend to
perceive some activities as less risky than young women, thus taking more risks (Reniers et
al., 2016). As an example, young male drivers report they are less likely to wear seatbelts,
less likely to insist their passengers wear a seatbelt, and report higher rates of phone use
while driving compared to young female drivers (Barr et al., 2015). A review on
susceptibility to peer influence found that in about half of reviewed literature, men were
reported to be more susceptible to peer influence than women, whilst the remainder found no
difference in risk-taking by gender (McCoy et al., 2017). The inconsistencies in findings have
been attributed to the measures used to assess risk-taking and peer influence (McCoy et al.,
2017; Morgenroth et al., 2017; Rolison & Shenton, 2020), for example, many measures
feature more male-dominated activities, thus biasing results. Consequently, it is unclear
whether risk-taking differs between men and women.

In summary, the role of the peer in decision-making is complex: previous research has
illustrated that peers can sometimes increase the likelihood of risky decision-making
(Gardner & Steinberg, 2005; Gilman et al., 2014; Kessler et al., 2017), but conversely peers
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may also lead to less impulsive choices, providing support for healthier, safer alternatives in
some circumstances (Bingham et al., 2016; Buckley & Foss, 2012; Choukas-Bradley et al.,
2015; Simons-Morton et al., 2014; Tomova & Pessoa, 2018). Decision-making in the
presence of peers may lead to riskier outcomes, particularly when those making the decision
are young, but it remains unclear how individual factors such as age and gender contribute to
risk-taking in the presence of peers.

In two studies, we aimed to gain insight into the role of the peer in risky decision-
making. In Study 2.1, we examined the effect of peer absence, peer presence, and negative
peer influence (providing a risk-promoting opinion) in three hypothetical real-world
scenarios. We included three diverse scenarios to examine various types of risks people may
take while their friends are present. Previously in Study 1, we used financial outcomes, and
found that discount rates from participants in the presence of peers did not significantly differ
from those who completed the task alone. Alongside the methodological issues (e.g., small
sample size and uneven gender distribution) in Study 1, the task may not have been suitable
to examine peer presence on decision-making, as people do not typically involve their peers
in financial decision-making. Therefore, we wanted to broaden our approach to
understanding peer influence on risk-taking to include a range of decisions where peers are
typically involved to better reflect actual behaviour. In Study 2.2, we replicated Study 2.1 in a
separate sample but included a positive peer-influence condition (providing a risk-averse
opinion). In both studies, we explored the role of age and gender on discounting behaviour.

In Study 2.1 we expected that the participants in the peer-absent condition would
show less risk-taking (shallower discounting curves) compared to those in the peer-present
and the negative peer-influence conditions, with the steepest rates of discounting in the
negative peer-influence condition. Lastly, we expected that risk-taking would differ by age
and gender, specifically that younger participants and male participants would exhibit greater

risk-taking on a probabilistic discounting task.

Study 2.1
Method
Participants
A total of 326 participants, aged between 18-35 years (Mage = 27.37, 95% CI1[26.84,
27.90]), were recruited from two separate populations. The first sample was recruited through
a Human Intelligence Task (HIT) request placed on Amazon’s mTurk, via TurkPrime

(Litman et al., 2017), and were from either the United States of America or Canada (mTurk;
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n = 103; 57 women, 46 men; Mage = 28.97, 95% CI[28.22, 29.72]). The remaining
participants were recruited through advertisements placed on the student and staff home page
for University of Waikato (n = 223; 159 women, 63 men; Mage = 26.63, 95% CI[25.96,
27.31]). Mechanical Turk participants were compensated US$1.00. All other participants
could enter a draw to win a supermarket voucher (NZ$50.00). Our project was approved by
the University of Waikato’s Division of Arts, Law, Psychology, and Social Science ethics
committee (#FS2019-36).

Measures
Participants were asked to complete a questionnaire hosted on Qualtrics

(https://www.qualtrics.com). Although the probability-discounting task was one of multiple

assessments included in the questionnaire answered by participants; for brevity, we will only
discuss the findings of the probability-discounting task.

Risk-taking was assessed using a questionnaire which included a scenario-style
probabilistic discounting task, to simulate real-world scenarios of risky decisions. The three
risk-taking scenarios were presented to all participants (within-subjects design). Each
scenario had three conditions: peer absence, peer presence, and negative peer influence. The
three scenarios were presented in a random order, and nested within scenarios, the conditions

were also presented in a random order. The scenarios were presented as follows:

Meeting Scenario:

You have been invited to be part of the live studio audience for your favourite
comedy TV show [with your best friend]. You’ve [both] applied and missed out
several times before but this time you made the waiting list, so a single ticket has
[two tickets have] been made available last minute. You have no plans this evening,
but the show goes late, well past when you would normally go to bed. Tomorrow you
have an important 8am meeting, which involves meeting with your manager and the
CEOQ to go over an upcoming work assignment, that you have heard could lead to a
promotion. If you decide to go to the comedy show, you risk not getting enough sleep
and sleeping through your alarm clock. [Your friend is pleading with you to go
because they really want to experience this rare opportunity with you.] If the
likelihood of sleeping in and missing the meeting is X%, how likely is it that you

would decide to attend the show?
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Food Scenario:

Recently you have had periods of illness where you get severe stomach aches and
extreme dizziness for about three days at a time. Your doctor has diagnosed these
symptoms as a gluten intolerance, meaning the symptoms are a reaction to gluten in
your diet. Not feeling like cooking tonight, you decided to order some gluten-free
pizza for yourself [for you and your best friend]. You were unsure if the server made
a note for the gluten-free pizza base, and it was not noted on your receipt. After
getting home, you realise that the pizza looks like it has a regular pizza-base instead
of the gluten-free you requested. [Your firiend says “I don’t want to have to go grab
another pizza. Let’s just eat this one, I am sure it will be fine!”]. If the likelihood of
reacting to the food is X%, how likely is it that you decide to eat the pizza you have

received?

Car Scenario:

You are driving through the desert alone [with your best friend] to see your favourite
band perform in concert, and you see a sign that says “Next town 400km” (about 250
miles). The last town was approximately 50km ago (31 miles), and you’ve just
realised that you may not have enough petrol/gas to make it to your destination. You
need to make the decision whether to continue driving to the concert or turn around to
top up the fuel tank. If you turn around, you risk missing some of the concert, but if
you continue without getting more fuel, you risk being stranded in the desert. [Your
friend wants to continue driving to the concert without getting fuel so you can see all
of the show.] If the likelihood of running out of petrol/gas in the desert is X%, how

likely is it that you decide to continue without getting more fuel?

The peer-absent conditions included the plain text including the text in bold, the peer-present

condition additionally included the unitalicised text in square brackets but did not include the

bolded text, and the negative peer-influence condition included all text except the bolded text.

Participants answered six questions with differing probabilities (95%, 90%, 50%,

30%, 10%, and 5%), in a descending order, for each scenario and condition. Participants

answered on a 0-100 digital VAS, with 0 being “lI would definitely not...” followed by the

specific behaviour for that scenario, and 100 being “I would definitely...” The slider bar was

set to a middle default position (50). Participants clicked or moved the slider bar left or right

to move to the next question. A lower score on the VVAS represented lower risk-taking, and a
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higher score higher risk-taking, for ease of understanding for participants (scores were

inversed for data analysis).

Procedure

The recruitment advertisements included a link to the questionnaire. The first page
provided a brief introduction to the study including the aims and information about
participation. Participants who were over 18 years old and consented were presented with a
set of instructions asking them to maximise their browser window, complete the
questionnaire in a single sitting, and to not engage in other tasks while participating.
Participants were asked to report their age and gender and were then presented with the risk-
taking scenarios in a random order. The three conditions (peer absence, peer presence, and
negative peer influence, presented in random order) for the same scenario were then shown,

before the scenario changed. The questionnaire took approximately 10 minutes to complete.

Analysis

Data were downloaded from Qualtrics, and participants who did not complete all
questions were removed. As the probabilistic discounting task was a free-choice procedure,
each response on the VAS provided the participant’s likelihood of taking the risk (known as
their subjective value). Participants had six subjective values for each scenario and condition,
one for each of the probabilities (of the negative outcome of the risk occurring). These six
subjective values (within a scenario and condition) were inversed and plotted as a curve,
showing the decreasing likelihood to choose the safer option (i.e., not taking the risk) as the
odds against a negative outcome increased, producing a discounting curve.

Odds against was calculated using Equation 5 where © represents odds against, and p
is the percent chance (likelihood of the outcome occurring). The odds for the outcomes in this
study were .053, .111, 1, 2.33, 9, and 19.

©=(1-p/p (5)

Using Gilroy et al.’s (2017) open-source software, the Discounting Model Selector
(https://www.smallnstats.com), we compared four models of discounting: The exponential
model, Mazur’s (1987) hyperbolic model, Myerson and Green’s (1995) model, and Rachlin’s
(2006) 2-parameter hyperboloid. Using RMSE as the measure of best fit, we found that

Rachlin’s 2-parameter model best fit the majority of the data (consistent with the findings of
McKerchar et al., 2009; Sargisson & Schoner, 2020). Therefore, we fitted Rachlin’s 2-
parameter hyperboloid to each set of six subjective values. The equation for Rachlin’s (2006)
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2-parameter hyperboloid, Equation 3 rewritten for probability discounting, is:

V=A/(1+Kkx) (6)
where V is the participant’s subjective value, A is the undiscounted maximum (100), x is the
odds against occurrence, k is the discounting rate, and s is a free parameter which indicates
sensitivity to variations in the size of the outcome. A total of nine k values were computed for
each participant (3 scenarios x 3 conditions). As k represents the discount rate, a larger k
value reflects steeper discounting (risk-taking) and a smaller k value reflects shallower
discounting or less risk-taking (Green & Myerson, 1996, 2004).

As mathematical models rely on systematic discounting behaviour, it is important to
recognise non-systematic discounters. We applied Johnson and Bickel (2008)’s algorithm for
identifying non-systematic data, however, we found the criteria captured a large number of
our participants. Therefore, we took a less conservative approach. In accordance with
Sargisson et al. (2021), discount rates (k) as calculated by the Discounting Model Selector
were replaced with zeros if discounting was not reflected in the participants’ data.
Specifically, k values were replaced with zero where data at the smallest probability (5%)
was less than two points away from data at the highest probability (95%).

We then compared the adjusted k values across the three conditions (peer absence,
peer presence, and negative peer influence) within each scenario type using Friedman’s tests,
followed by post-hoc analyses using Wilcoxon signed-rank tests. We applied a Bonferroni
correction to the post-hoc test which resulted in a critical p value of p <.017. In addition, we
compared k values between male and female participants using a Mann-Whitney U test.
Finally, we examined the relationship between risk-taking behaviour (k values) and the
participant’s age, using Spearman’s correlation coefficient.

Table 3 shows the percentage of participants who did not discount across conditions
by scenario. The percentage of participants who did not discount was lower in the negative
peer-influence condition, compared to the peer-absent and peer-present conditions. The
percentage of participants who did not discount was slightly higher in the peer-absent
condition compared to the peer-present condition. The number of participants who did not
discount was lower in the meeting scenario compared to the food and car scenarios, but the
car scenario appeared to have more variation in the percentage of people discounting across

the conditions.
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Table 3
Percentage of Participants Who Did Not Discount in Study 2.1

Absent Present Negative
Influence
Meeting 18 17 15
Food 28 27 25
Car 25 21 17
Results

Figure 3 shows the median subjective values by the odds against values for the
different scenarios. As the odds against the perceived negative event increased (meaning the
negative event is less likely to happen), the likelihood of choosing not to take the risk
decreased (risk-taking increased). We fitted Equation 6 to the data from each condition. For
all three scenarios, there was a consistent pattern in the fitted functions; the discounting
function was steepest in the negative peer-influence conditions, and shallowest in the peer-
absent conditions (as predicted). Figure 4 shows the median k values, calculated by Equation
6 for all scenarios and conditions. The median k values in the peer-influence conditions were
greater than those in the peer-present and peer-absent conditions, and the peer-absent
condition produced the lowest median k values. The percentage of participants who did not
discount by condition showed a similar pattern, where more people did not discount in the
peer-absent and more people did discount in the negative peer-influence condition (see Table
3). People who did not discount generally chose the safer option every time, meaning in the
absence of peers, people took less risks.

There was greater variability in k between the conditions for the meeting and car
scenarios, compared to the food scenario. Participants exhibited riskier decision-making in
the meeting scenario, compared to the food and car scenarios, and the least risk-taking was

exhibited in the car scenario.
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Figure 3
Median Subjective Values of Risk Avoidance for Study 2.1
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Figure 4
The k Values resulting from the Median Subjective Values for Study 2.1
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There were significant differences in risk-taking across the three conditions within
each of the three scenarios; meeting: ¥*(2) = 78.22, p < .001, food: y%(2) = 13.31, p = .001,
and car: x%(2) = 61.36, p < .001. Risk-taking was significantly higher (larger k values) in the
negative peer-influence conditions compared to the peer-absent conditions, and risk-taking
was significantly higher in the peer-present conditions when compared to the peer-absent
conditions, in all three scenarios (Table 4). Risk-taking was also significantly higher in the
negative peer-influence conditions than the peer-present conditions in the meeting and car

scenarios but not for the food scenario.
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Table 4
Wilcoxon Signed-Rank Post-Hoc Analyses of k Values for Study 2.1

Absent- Absent- Present -
Present Influence Influence

Meeting Scenario

Z -2.42 -7.51 -6.91
Sig. .016 <.001 <.001
N 320 319 322
r -0.14 -0.42 -0.38
Food Scenario
Z -2.61 -3.05 -0.47
Sig. .009 .002 .64
N 322 321 323
r -0.15 -0.17 -0.03
Car Scenario
Z -2.41 -6.86 -5.42
Sig. .016 <.001 <.001
N 316 315 316
r -0.14 -0.39 -0.30

Note. Bonferroni correction applied resulting in a critical p value of p <.017.

There were no significant differences between k values for male and female
participants across conditions in any of the scenarios (see Tables A.1 and A.2 in Appendix
A). We found a weak, but significant association between age and discounting rate in the
food scenario for the peer-absent and negative peer-influence conditions. As age increased,
risk-taking decreased; peer absence: rs(322) = -.13, p = .02, peer presence, rs(326) =-.09, p
=.10, ns, and negative peer influence, rs(323) = -.14, p = .01. Age was not associated with
risk-taking for the meeting or car scenarios (see Table A.3 in Appendix A).

In conclusion, negative peer influence had a significant effect on discounting
behaviour in all three scenarios. We observed increased risk-taking (higher median k values)
in the negative peer-influence condition compared to the peer-absent condition, and in two of
the three scenarios compared to the peer-present condition. Additionally, we found no
significant differences between the discount rates of men and women. We found that younger
participants showed increased risk-taking, however, the finding was not consistent across

conditions and scenarios.
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Discussion

We aimed to further understand the role that peers play in the decision-making
process, and whether that role leads to riskier choices. Using probability-discounting
scenarios, we examined whether discounting under peer presence and negative peer influence
differed to discounting in the absence of peers. We hypothesised that we would observe
shallower discounting curves (less risk-taking) in the peer-absent condition, compared to the
peer-present and the negative peer-influence conditions, with the steepest rates of discounting
(greatest risk-taking) in the negative peer-influence condition. Our data supported these
hypotheses. We also wanted to examine whether there were differences in risk-taking based
on age and gender, and we found no gender differences in risk-taking, and no strong
relationship between age and risk-taking.

Although studies have investigated negative peer influence in two different ways — the
first, using peer presence to assume peer influence (e.g., O’Brien et al., 2011; Weigard et al.,
2014), and second, offering a direct opinion from a peer (e.g., Gilman et al., 2014) — to the
best of our knowledge, this present study is the first to directly compare discounting
behaviour between peer presence and negative peer influence, and to determine whether they
both increase risk-taking. Consistent with previous findings, we found that peer presence
(e.g., O'Brien et al., 2011; A. R. Smith et al., 2014; Weigard et al., 2014), and negative peer
influence (e.g., Gilman et al., 2014; van Hoorn et al., 2014), increased risky choices. We
found the discount rate (k) was significantly higher in the negative peer-influence condition
than in the peer-present condition for two of the three scenarios. Therefore, the opinion of
peers, in favour of the risky option, increased risky decision-making compared to when
hypothetical peers were simply present.

The discounting curves were steeper in the peer-present conditions compared to the
peer-absent conditions across all three scenarios, indicating that people take greater risks
solely because their peers are present. Somerville et al. (2018) argued that just being present
is not enough for peers to have an influence on risk-taking, instead they must be monitoring
the behaviour (in their case, seeing the choice being made on the computer screen as opposed
to being present but unable to see the choices made). The hypothetical scenarios used in the
current study meant the decision made by participants would affect their peers. Thus, in both
the peer-present and negative peer-influence conditions, the peers were going to be directly
impacted by the choices made, rather than just observing the decision. In designing these

scenarios, we found that peers could not be present without being part of the environment in
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which the decision is made, which is perhaps a better reflection of decision-making in a real-
world context.

As we found that negative peer influence had a greater effect than simply being
present, we questioned whether positive peer influence would be similar to risk-taking
behaviour when alone. Since there is evidence that peers may have a protective effect against
making risky decisions when they speak out (e.g., Choukas-Bradley et al., 2015; Osmont et
al., 2021; Reniers et al., 2017; Tomova & Pessoa, 2018), we decided to introduce a positive
peer-influence condition to examine whether participants show less risk-taking when
provided with an opinion from a risk-averse peer, compared to when a peer is simply present.
Therefore, our aim for Study 2.2 was to examine whether positive peer influence would be
associated with lower risk-taking than peer presence and negative peer influence. We also
examined the effects of both age and gender on risk-taking As in Study 2.1, we expected less
risk-taking in the peer-absent condition, compared to the peer-present and negative peer-
influence conditions. We also expected that when participants were provided with a risk-
promoting opinion (negative peer influence), they would exhibit greater risk-taking compared
to when peers are simply present. Additionally, we expected to see that risk-taking when
peers provide a risk-averse opinion (positive peer influence) is similar to when peers are

absent.

Study 2.2
Method

Participants

We recruited 406 participants, however, as almost 30% of the sample was under 20
years (n = 119), we randomly selected 10 participants under 20 years of age to remove from
our sample, to align the mean age of participants in Study 2.2 with that of Study 2.1.
Therefore, the final Study 2.2 sample had 396 participants aged between 18-35 years (Mage =
26.39, 95% CI [25.81, 26.96]). Participants were recruited from both mTurk (n = 226) and
the University of Waikato (n = 170). There were 246 women and 147 men. As in Study 2.1,
mTurk participants were compensated US$1.00. Participants from the University of Waikato
either received one bonus course mark towards their undergraduate psychology course, or
they could enter a draw to win a supermarket voucher (valued at NZ$50.00). Our project was
approved as an amendment to Study 2.1 (#FS2019-36), by the University of Waikato’s

Division of Arts, Law, Psychology, and Social Science ethics committee.
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Measures

In addition to the three conditions for the three scenarios described in Study 2.1 (peer
absence, peer presence, negative peer influence), Study 2.2 had a fourth condition in each
scenario, positive peer influence. As with Study 2.1, participants were presented with the
same three scenarios in a random order, and, within the scenarios, all conditions were
presented in a random order. In each condition, the question was presented with six
probabilistic values (95%, 90%, 50%, 30%, 10%, and 5%, as described in Study 2.1) in a
descending order. The scenarios were the same as Study 2.1, however in the positive peer-

influence condition, the following statements were added:

Meeting: Your friend encourages you to stay home tonight to prepare for your meeting,

and get a good night’s sleep so you can impress management tomorrow.

Food: Your friend says “You should go back to the store t0 get a new pizza made, just to

be sure!”

Car: Your friend wants to turn around for petrol so you won'’t end up stranded in the

desert.

Participants answered all questions on the VAS scale, as described in Study 2.1. All

other parts of the method remained identical to the previous study.

Procedure and Analysis

The procedure was the same as described in Study 2.1, with the additional positive
peer-influence condition being randomly presented amongst the other three conditions (peer
absence, peer presence, and negative peer influence). The analysis was the same as the
previous study, Study 2.1. From the data gathered we calculated 12 k values, one per
condition for each scenario, using Equation 6. Given that we had four conditions, applying
the Bonferroni correction meant that our critical p value was p <.008 for post-hoc analyses
comparing the discount rate (k).

Table 5 shows the percentage of participants who did not discount across the four
conditions by scenario. The percentage of participants who did not discount was lowest in the

negative peer-influence condition, and highest in the positive peer-influence condition.
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Table 5
Percentage of Participants Who Did Not Discount in Study 2.2

Negative  Positive

Absent  Present
Influence Influence

Meeting 21 20 17 25

Food 22 24 19 29

Car 23 22 20 32
Results

The median subjective values across each of the odds against values, for each
condition, are shown in Figure 5. The likelihood of choosing the not to take the risk
decreased (risk-taking increased) as the odds against the perceived negative event increased.
For all scenarios, the discounting function was steepest for the negative peer-influence
condition, indicating higher levels of risk-taking, and shallowest in the positive peer-
influence condition (less risk-taking). Figure 5 shows similar moderately declining
discounting functions for the peer-absent and the peer-present conditions in the food and car
scenarios. In both the meeting and food scenarios, the discounting function for the peer-
present condition was shallower than for the negative peer-influence condition, but steeper
than those for both the peer-absent and positive peer-influence conditions. In the car scenario,
there was no observable difference between the discounting functions for the peer-present

and peer-absent conditions.

Figure 5
Median Subjective Values of Risk Avoidance for Study 2.2
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Figure 6 shows the median k values, calculated by Equation 6, for the conditions
across all three scenarios. The median k values in the negative peer-influence conditions were
greater than for the other three conditions. In all three scenarios, positive peer influence
produced the lowest median k values. The median k values for the peer-absent conditions
were higher than those for the positive peer-influence conditions, but lower than those for the
peer-present conditions. The median k values for the negative and positive peer-influence
conditions also reflect the percentage of participants who did not discount as indicated in
Table 5. Participants showed riskier decision-making in the meeting scenario, having larger
median k values, compared to the food and car scenarios, and participants discounted much

less (smaller k values) in the car scenario, showing less risky behaviour (Figure 6).

Figure 6
The k Values resulting from the Median Subjective Values for Study 2.2
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There were significant differences in median k values across the conditions within
each of the three scenarios: meeting: ¥* (3) = 143.14, p < .001, food: ¥ (3) =80.41, p < .001
and car: y 2(3) =132.06, p < .001. Wilcoxon signed-rank post-hoc results are shown in Table
6. Significantly more risk-taking was observed in the negative peer-influence conditions,
compared to the peer-absent, peer-present, and positive peer-influence conditions in all three
scenarios. Risk-taking was also significantly higher in the peer-present conditions compared
to the positive peer-influence conditions for all scenarios, and the peer-absent condition in
one of the three scenarios (meeting). Furthermore, risk-taking was also significantly higher in
the peer-absent condition compared to the positive peer-influence condition in all three

scenarios (Table 6).
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Table 6
Wilcoxon Signed-Rank Post-Hoc Analyses of k Values for Study 2.2

Peer Peer Peer Peer Peer Negative
Absent  Absent-  Absent- Present- Present- Influence
-Peer Negative Positive  Negative Positive - Positive
Present Influence Influence Influence Influence Influence

Meeting Scenario

Z -3.64 -6.24 -4.41 -4.34 -6.85 -8.77
Sig. <.001 <.001 <.001 <.001 <.001 <.001
N 391 391 391 390 392 390
r -0.18 -0.32 -0.22 -0.22 -0.35 -0.44
Food Scenario
Z -0.47 -4.96 -3.86 -5.52 -4.86 -8.38
Sig. .64 <.001 <.001 <.001 <.001 <.001
N 384 384 384 388 389 388
r -0.02 -0.25 -0.20 -0.28 -0.25 -0.43
Car Scenario
Z -2.03 -6.54 -4.25 -6.26 -5.90 -9.35
Sig. 43 <.001 <.001 <.001 <.001 <.001
N 387 383 383 387 386 382
r -0.10 -0.33 -0.22 -0.32 -0.30 -0.48

Note. Bonferroni correction applied resulting in a critical p value of p <.008.

As participants took fewer risks in the car scenario (indicated by smaller k values),
compared to the food and meeting scenarios, we wanted to explore this difference. To explore
why the discounting rates were lower for the car scenario, we compared the other free
parameter in Equation 6, s, which is supposed to indicate the participants’ sensitivity to
variations in the magnitude of the outcome. We compared the median s value across
scenarios using Wilcoxon signed-rank post-hoc analyses (with Bonferroni correction applied
p <.017). We found that the median s value significantly differed across scenarios for both
the peer-absent, ¥%(2) = 13.27, p = .001, and negative peer-influence conditions, y%(2) = 9.16,
p =.01, where the median s value was higher in the car scenario compared to the food
scenario (Table 7). In the peer-present condition, the median s values from the three scenarios
differed from one another, ¥?(2) = 24.01, p < .001, with the car scenario having the highest
median s value. Within the positive peer-influence condition, there were no differences
between the median s values across the scenarios, ¥*(2) = .70, p = .70, ns. Therefore, there
was more sensitivity to variations in the magnitude of the outcome (higher s value) for the car

scenario across most condition types (see Table B.3 in Appendix B for descriptive statistics).
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Table 7
Wilcoxon Signed-Rank Post-Hoc Analyses of s Values for Study 2.2

Meeting -  Meeting - Food -
Food Car Car
Peer Absence
Z -0.64 -2.22 -3.86
Sig. 52 .03 <.001
N 382 386 377
r -0.03 -0.11 -0.2
Peer Presence
Z -2.68 -2.87 -4.44
Sig. .007 .004 <.001
N 388 390 387
r -0.14 -0.15 -0.23
Negative Peer Influence
Z -1.14 -2.11 -3.36
Sig. .25 .04 .001
N 384 384 383
r -0.06 -0.11 -0.17
Positive Peer Influence
Z -1.52 -0.56 -1.33
Sig. 13 .58 .18
N 338 385 382
r -0.08 -0.03 -0.07

Note. Bonferroni correction was applied to the comparisons of s values between scenarios,
resulting in a critical p value of p <.017, which is different to prior analyses of k values.

No significant differences between median k values for male and female participants
were observed for any of the conditions in the meeting or car scenarios (see Tables B.1 and
B.2 in Appendix B). In one condition (negative peer influence) of the food scenario, men
produced lower k values showing less risk-taking (Mdn k = .15) compared to women (Mdn k
=.29), U =14882.50, Z =-2.46, p = .014, r = .12. We observed a significant but weak
relationship between age and risk-taking behaviour (indicated by k values) in most conditions

and scenarios (Table 8). As age increased, risk-taking decreased.
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Table 8
Spearman’s rho Correlation Coefficients Between Age and k Values for Study 2.2

Correlation

Coefficient SIg.
N
(rs) (2-
° tailed)
Absent -0.10 .045 393
. Present -0.16 .001 394
Meeting .
Negative -0.15 .002 392
Positive -0.09 .08 394
Absent -0.11 .034 386
Present -0.13 .008 391
Food .
Negative -0.14 .007 389
Positive -0.15 .003 391
Absent -0.15 .003 388
Present -0.17 <.001 392
Car .
Negative -0.23 <.001 388
Positive -0.17 <.001 387

In summary, we found the least risk-taking in the positive peer-influence condition in
all three scenarios, and greatest risk-taking when participants were in the negative peer-
influence condition. Younger age was associated with greater risk-taking in most scenarios
and conditions. Furthermore, we found very few differences in risk-taking behaviour

exhibited by men and women.

Discussion

We hypothesised that participants would show greater risk-taking in the negative
peer-influence condition, and a similar pattern between the peer-absent, peer-present, and
negative peer-influence conditions as in Study 2.1, where less risk-taking was exhibited in the
absence of peers, and more risk-taking occurred when peers were present, or negatively
influencing decisions. Our data supported these hypotheses. Furthermore, we hypothesised
that discounting in the positive peer-influence condition would be similar to discounting in
the peer-absent condition, however our data showed some differences between these
conditions. Participants exhibited shallower discounting in the positive peer-influence

condition compared to the peer-absent condition across all three scenarios.

59



As negative peer influence has been well studied and documented (e.g., Gardner &
Steinberg, 2005; Gilman et al., 2014; Kessler et al., 2017; O’Brien et al., 2011; A. R. Smith et
al., 2014; van Hoorn et al., 2017; Weigard et al., 2014), the main aim of Study 2.2 was to
investigate whether positive peer influence produced lower risk-taking than peer presence
and negative peer influence, showing peer influence can also be positive when a risk-averse
opinion is provided. Research into direct positive peer influence has shown that when
presented with a risk-averse statement from a peer, participants show less risk-taking
behaviour for both the BART (e.g., Tomova & Pessoa, 2018), and for simulated driving tasks
(e.g., Bingham et al., 2016; Cascio et al., 2015; Simons-Morton et al., 2014). Our study
directly compared negative peer influence and positive peer influence by examining the
willingness to take risks, when provided with an opinion from a peer in three different
hypothetical scenarios. We found participants were much less likely to take risks under
positive peer influence, consistent with previous findings (e.g., Bingham et al., 2016; Cascio
et al., 2015; Simons-Morton et al., 2014; Tomova & Pessoa, 2018). Therefore, we may see a
reduction in harmful risk-taking behaviour by encouraging people to speak up when their
peers are making risky choices.

We found risk-taking differed between the scenarios: people took less risks in the car
scenario compared to the meeting and food scenarios. One potential explanation for this
difference is perhaps that participants were more sensitive to variations in the magnitude of
the outcome in the car scenario, hence, we conducted an exploratory analysis of the free
parameter s from Equation 6. Rachlin (2006) likened the s parameter to an individual’s
sensitivity to a physical stimulus. When s = 0, an individual is not sensitive to changes in the
intensity of a stimulus, with sensitivity increasing as the value of s increases (Rachlin, 2006).
Rachlin (2006) states that in psychophysical studies, the s value across individuals changes
according to the modality of the stimulus. Our median s parameter was consistently higher
for the car scenario, compared to the s values for both the meeting and food scenarios. The
car scenario involved running out of fuel, and being stranded in the desert, which could have
more extreme consequences than missing an important meeting or getting sick for a few days.
Therefore, it is perhaps unsurprising that participants would be more sensitive (higher s
values) to the outcomes described in the car scenario which may explain the variations in
risk-taking behaviour across scenarios.

In conclusion, when peers suggested the safer alternative, our participants made less
risky decisions. As we found lower rates of risk-taking under positive peer influence
compared to risk-taking in the absence of a peer, having positive social influence during
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decision-making may be beneficial, rather than the decision-maker deciding in isolation.
Therefore, harnessing positive social influence in the decision-making process might

minimise risk-taking when negative outcomes are possible.

General Discussion

With these two studies, we aimed to increase understanding of the effects of peer
influence. In Study 2.1, we examined the differences between influence types — peer presence
(simply being present, without direct opinion) and negative peer opinion (to encourage risk-
taking behaviour). In Study 2.2 we also examined the effect of positive peer influence. We
observed similar patterns in the data for both studies. Both peer presence and negative peer
influence were associated with greater risk-taking behaviour, compared to when participants
were alone. Positive peer influence produced the lowest amounts of risk-taking, even more
than when participants were alone.

Previous research has found that the presence of peers can increase risky decision-
making (e.g., O'Brien et al., 2011; A. R. Smith et al., 2014; Weigard et al., 2014), and when a
peer provides a risk-promoting opinion, risk-taking also increases (Gilman et al., 2014; van
Hoorn et al., 2017). As the presence of peers has been shown to negatively influence risk-
taking behaviour, campaigns which focus on resisting risky decision-making associated with
negative peer influence should also include ways to reduce the passive influence of peers who
are merely present.

Although it has been demonstrated that peers can have a positive influence in the lives
of their friends, by helping them to make safer decisions (e.g., Buckley & Foss, 2012), only a
few studies have directly compared positive and negative peer influence (e.g., Bingham et al.,
2016; Cascio et al., 2015; Simons-Morton et al., 2014; Tomova & Pessoa, 2018).
Furthermore, most of the research into positive and negative peer influence has examined
how young people behave in simulated driving situations when observed by a risk-accepting,
or a risk-averse peer (e.g., Bingham et al., 2016; Cascio et al., 2015; Simons-Morton et al.,
2014). We examined the behaviour of participants under both positive and negative peer
influence, alongside both peer absence and peer presence, in a range of hypothetical
scenarios. We found negative peer influence increased risk-taking behaviour, however,
positive peer influence reduced risk-taking beyond peer absence, meaning participants were
less likely to take risks, choosing the safer option instead under positive peer influence,
indicating that involving peers in decision-making does not always increase risk-taking and
lead to negative outcomes. Therefore, encouraging positive peer relationships could be a
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useful way to reduce harmful risk-taking behaviour. Future research should examine whether
we can prevent peers from having a negative influence (either passively or actively) on
behaviour, and ways to encourage peers to discuss alternative choices, reducing harmful risk-
taking behaviour.

We hypothesised that we would see greater risk-taking from men across the
discounting task in both studies. In Study 2.1, we found no difference in risk-taking by men
and women. In Study 2.2, we found very few differences, finding a difference in risk-taking
between men and women in only one condition. Previous research suggests that men partake
in more risky behaviour, largely attributed to men perceiving activities as being less risky
(Reniers et al., 2016). Rolison and Shenton (2020) argue that men and women perceive risk
similarly, however, women are often less willing to take risks. In addition, there has been
criticism of measures of risk attitudes and preferences, as measures tend to include risk-based
activities that men engage in more readily (such as betting on sports, playing poker, and high-
risk sports), thus biasing results and leading to the conclusion men take more risks
(Morgenroth et al., 2017). When risk-taking measures include a wide range of risk-based
activities (e.g., horse-riding, impulse spending, gambling on scratch cards), men do not take
more risks than women (Morgenroth et al., 2017). Gender differences have been described as
very context specific: risk type, cost-benefit analysis, and framing of the question impact
heavily on whether findings show gender differences or similarities (McCoy et al., 2019;
Rolison & Shenton, 2020). Given our findings, it is possible that there is no difference in
risk-taking between men and women, and the way in which risk-taking has been historically
examined may contribute to the inconsistencies between our studies and previous research.

Previous literature has presented mixed findings regarding the relationships between
age and risk-taking. We hypothesised that age would be associated with discounting (younger
participants take greater risks). In Study 2.1, younger age was weakly associated with
increased risk-taking across the conditions of the food scenario, and in Study 2.2, we found
younger age was very weakly associated with greater risk-taking in most conditions.
Steinberg and colleagues (2007; 2008) believe that younger participants are more reward
seeking (and therefore take more risks), especially in the presence of their peers (Shulman et
al., 2016; Steinberg & Calkins, 2010). Furthermore, Gardner and Steinberg (2005) found that
younger participants were more influenced by the presence of their peers compared to adults.
However, Bixter and Rogers (2019) found that discount rates were similar between younger
(18-24 years) and older adults (65-79 years), when collaborating on a delay-discounting task

with a same-aged peer, of the same gender, showing neither younger nor older adults were
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more susceptible to the influence of peers. Although our findings were not consistent across
the two studies, we did find that the presence and influence of peers effected our sample of
adults (aged 18-35). Therefore, our findings show that adults are susceptible to negative peer
influence, consistent with the findings of Bixter and Rogers (2019). Due to our inconsistent
findings across our two studies, and the limited age range of our participants, it remains
unclear whether the effects of peer presence and peer feedback differ by age.

A strength of our studies is that we used scenarios that focused on real-world
decisions that may involve peers. Given that it is impractical, and unethical, to study risk-
taking behaviour with real scenarios where participants would be exposed to negative or
harmful outcomes, hypothetical scenarios are commonly used as a substitute in decision-
making research (e.g., Berry et al., 2017; Hardisty & Weber, 2009; Kaplan et al., 2014;
Sargisson et al., 2021; Sargisson & Schoner, 2020; Weatherly & Ruthig, 2013). Although
there have been some concerns about the use of hypothetical scenarios in decision-making
research, studies have shown participants make decisions in hypothetical situations similarly
to when they are exposed to real outcomes (e.g., Horn & Freund, 2021; Kuhberger et al.,
2002; Locey et al., 2011; Madden et al., 2003; Robertson & Rasmussen, 2018). Though, due
to the contextual nature of the scenarios, participants who were perhaps unfamiliar with
deserts, food intolerances, or important meetings, may have had more difficulty imagining
themselves in the scenarios, and therefore how they would act in these scenarios. Given the
differences between conditions, our results show that participants at least considered the role
their peer may have on their choice.

In conclusion, our findings demonstrate that peers can have a positive influence on
risky decision-making. Although peers are typically thought to increase risky decision-
making, our results showed that peers can also provide a positive, risk-averse influence,
indicating peer intervention could be an effective way of preventing harmful risk-taking
behaviour for young people. To better understand the effect of peers on decision-making, it is
crucial that peer influence is clearly defined, that is, whether peers are merely present (and
silent), or whether peers are providing an opinion on the choice made, and whether that
opinion was risk-promoting (positive peer influence) or risk-averse (negative peer influence).
Furthermore, it would be good to understand whether the effects of peers differ by how they
are affected by the consequences of the decision being made. Further research examining the
influence of others (e.g., work colleagues, partners) on risk-taking, would provide a more

comprehensive understanding of social influence on risky decision-making. Many decisions
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take place within a social context, therefore an important conclusion from this research is that

peers can be beneficial by reducing harmful risk-taking behaviour.
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Chapter 4
Article 3

In March 2020, the World Health Organization declared a global pandemic for the
SARS-CoV-2 virus (COVID-19; World Health Organization, 2020b). In response to the call
from the World Health Organization, governments around the world imposed public health
measures in accordance with their disease-prevention plans. Governments asked that people
change their behaviour by practicing social (physical) distancing, cancelling mass gatherings,
and to stay home where possible. New Zealand entered a nationwide Level 4 Lockdown on
25 March 2020, which meant people could only leave their houses for essential goods (e.g.,
food and pharmaceuticals), for short walks around their neighbourhood, or to go to work if
they worked in an essential service (such as the manufacture and sale of essential items,
healthcare, law enforcement; Ardern, 2020). Schools, childcare centres, playgrounds, and
shopping malls closed, and most people began working from home. Australia, Europe, and
parts of the USA and Asia, also shut down for long periods to control the spread of the virus.

Advice from the World Health Organization for COVID-19 was based on disease
prevention responses to past epidemics, and emerging information about the new virus
(World Health Organization, 2020a). Adherence to previous public health measures across
the world had varied during other disease outbreaks, from 0% in Taiwan for the SARS
outbreak, to 93% in Australia during the 2009 H1IN1 Swine flu pandemic (Webster et al.,
2020). Similarly, adherence to measures to prevent the spread of COVID-19 also differed.
For COVID-19, adherence around avoiding mass gatherings was as high as 92.8% in Italy
(Carlucci et al., 2020). In Norway, overall adherence was reported to be around 42%, but was
highest in April (soon after measures were implemented), around 66%, and decreased in
subsequent months (May through to July) to 33-38% (Steens et al., 2020). In the Democratic
Republic of Congo, 37% did not adhere to the COVID-19 recommendations (Kabamba Nzaji
et al., 2020). Adherence differed across individual demographics, for example, men showed
lower rates of adherence than women (Algara et al., 2021; Nivette et al., 2021; Pollak et al.,
2020; L. E. Smith et al., 2020a). Rates of adherence in North America and Europe also
differed across measures of disease prevention; adherence was reported to be as low as 66%
for maintaining a 2-m distance, 74% for limiting contact with family members not in the
same household, and as high as 90% for avoiding non-essential gatherings, outings, crowds,
and seeing friends in person (Coroiu et al., 2020). Adherence rates were higher for those who
had COVID-19 symptoms (Nivette et al., 2021; Steens et al., 2020). People who believed
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they had previously had COVID-19 reported lower adherence than those who believed they
had not yet contracted COVID-19 (L. E. Smith et al., 2020b).

Non-adherence was also associated with greater past risk-taking behaviour and
impulse control (DeAngelis et al., 2022; Lloyd et al., 2021; Pollak et al., 2020; Steca et al.,
2022). As adherence to public health measures required people to forgo their usual activities,
and delay gratification (such as seeing friends and family, travelling, or leisure activities)
until measures were relaxed, adherence was linked to people’s ability to discount future
outcomes (Byrne et al., 2021; Camargo et al., 2021; Lloyd et al., 2021). Discounting of
monetary rewards predicted people’s adherence to COVID-19 guidelines, meaning those who
exhibited steeper delay discounting were less likely to adhere to the guidelines, and those that
had shallower discounting were more likely to adhere (DeAngelis et al., 2022; Lloyd et al.,
2021).

People often reported higher adherence for themselves but perceived lower adherence
rates for others (Al-Hasan et al., 2020; Williams et al., 2020). Factors linked to adherence
with measures to prevent the spread of COVID-19 included having good information about
COVID-19, and people’s perceived risk of COVID-19 (Al-Hasan et al., 2020; Algara et al.,
2021; Carlucci et al., 2020; Pollak et al., 2020). Preventative behaviour was also associated
with geographical distance of the spread of disease, if known cases of COVID-19 were
closer, people were more likely to follow health advice, compared to if the disease affected a
distant country (Blauza et al., 2021). Furthermore, people who trusted their government’s
response showed greater adherence (Carlucci et al., 2020), and those who did not trust in their
government reported lower adherence (Williams et al., 2020). Unsurprisingly, the ability to
work from home, having financial assistance to stay home, and having someone to run
errands (if quarantining) also assisted people to follow the public health advice (L. E. Smith
et al., 2020a; Webster et al., 2020). People were also much more likely to adhere to the
recommendations if they felt that following the advice was making a difference, for example,
seeing case numbers decrease (L. E. Smith et al., 2020a). People acted in accordance to how
their friends and family were responding to the public health advice, which is known as
following social norms (Al-Hasan et al., 2020; L. E. Smith et al., 2020a; Tunc¢genc et al.,
2021; Webster et al., 2020).

It has been well-documented that social norms play a role in influencing decision-
making and behaviour (McDonald & Crandall, 2015). Social norms are informal rules that
govern behaviour (Feldman, 1984); following the social norm will often result in a positive

social consequence, like approval from others, and not following will result in a negative
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consequence such as disapproval from others (Bicchieri et al., 2022; Feldman, 1984).
Essentially, social norms are an example of what is considered socially acceptable behaviour
by a person’s social network (Bicchieri et al., 2022; McDonald & Crandall, 2015). Social
norms form part of the social context in which a decision is made (Bicchieri et al., 2022).
Therefore, during the COVID-19 outbreak, it is unsurprising that social norms influenced
people’s reactions to public health guidance (L. E. Smith et al., 2020a; Tunggenc et al.,
2021). Seeing that others were adhering to the isolation procedures was associated with
greater adherence to lockdown or self-isolation, and people were less likely to adhere to the
rules if those in their own social circles also did not adhere (L. E. Smith et al., 2020a;
Tuncgeng et al., 2021). Furthermore, people were concerned about the social implications of
not following the social norms exhibited by their social network (L. E. Smith et al., 2020a).
People reported that they felt a sense of responsibility to follow the guidelines, a moral duty
to stay home to protect others, and they worried what their friends and family would think if
they did not adhere to the rules and recommendations (Coroiu et al., 2020; L. E. Smith et al.,
2020a; Williams et al., 2020).

Social norms are more influential if they come from someone within the same social
network (Bellato, 2020; Brechwald & Prinstein, 2011; van Bavel et al., 2020). A social
network can be a family unit, a group of colleagues, or a peer group. When people select their
social network, or peer group, they typically choose peers who have similar values, attitudes,
and behaviours to themselves (homophily), such as a non-smoker selecting a non-smoking
peer group (Brechwald & Prinstein, 2011; Kandel, 1978). Some researchers maintain that
people are more likely to be influenced by the groups’ social norm when they have greater
identification with the group, through shared values and attitudes (Bellato, 2020; Cruwys et
al., 2020). Homophily has been associated with increased uptake of health prevention
measures, as the social network provides social support for the behaviour (Centola, 2011).
People respond similarly to those in their social networks (such as adhering to public health
advice), as they are likely to experience social consequences (e.g., validation or exclusion)
depending on whether their behaviour is congruent with those around them. The length of the
relationship between people in a social group is also a factor in the strength of influence on
behaviour. Over time, people become more similar to their peers through socialisation, so
behaviours align more with their peers, as a result of experience of consequences from their
peers (Brechwald & Prinstein, 2011). As following social norms is reinforced, people are

more likely to conform to the social norms in the future (Brechwald & Prinstein, 2011).
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Research on the influence of others on behaviour has often asked about similarities
between an individual and their peer group. For example, researchers asked participants to
report on their peers’ behaviour and their own, to determine whether a higher rate of risky
behaviour by a peer group is associated with greater risky behaviour of the participant (e.g.,
Haynie, 2002; Haynie et al., 2005; Lonardo et al., 2008). Peer-report has come under
criticism, however, as it can be difficult for participants to know their peers’ behaviour
(Haynie, 2002). One solution is to ask the primary participant to nominate peers to self-report
their own behaviour (e.g., Carter et al., 2014; Geber et al., 2019; Kiuru et al., 2010).
Researchers have also studied direct social influence, by measuring risky decision-making in
the presence of a peer (e.g., Kessler et al., 2017; O'Brien et al., 2011; van Hoorn et al., 2017).
Another way to investigate social influence is to determine whether behaviour on a risk-
taking task differs based on whether a hypothetical peer is present or informs the participant
of their opinion (risk-promoting or risk-averse). We previously compared risk-taking
behaviour in the context of peer absence, peer presence, and peer influence (Studies 2.1 and
2.2). Participants produced lower rates of risk-taking when alone, compared to when
participants were hypothetically with a peer, or experienced risk-promoting peer influence.
We also found that participants took fewer risks when positively influenced by their
hypothetical risk-averse peers, compared to when they were alone.

Although the effect of peers on decision-making has been widely researched, the
influence of other social contacts has not. Booth et al. (2000) found that participants’ physical
activity was associated with the frequency of their partner’s, friends’, and family’s
engagement in physical activity. Romantic partners influence a number of behaviours; the
behaviour of one partner or spouse has been associated with the other (e.g., alcohol
consumption; Leonard & Mudar, 2003; Leonard & Mudar, 2004; Windle & Windle, 2018),
marijuana use (Homish et al., 2007; Windle & Windle, 2018), and health behaviours such as
eating habits, getting regular health check-ups, and exercise (Homish & Leonard, 2008).
Parents are also known to influence their adolescent children. As an example, young drivers
who see their parents’ distracted driving behaviour (e.g., responding to text messages while
driving), or perceive their parents to partake in distracted driving, are themselves more likely
to drive distractedly (Carter et al., 2014). Children of parents who regularly binge drink are
also more likely to engage in problem drinking behaviour (Casswell et al., 2002; Mares et al.,
2011). Although friends, partners, and parents can influence behaviour, there is limited

evidence that compares the strength of that influence across types of relationships.
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Young people are particularly susceptible to peer influence, taking greater risks in the
presence of friends than they do alone (e.g., Kessler et al., 2017; O'Brien et al., 2011; Padron
et al., 2016; van Hoorn et al., 2017). During adolescence, the influence of peers is greater
than the influence of parents (Yurasek et al., 2018), however, this may change with
relationship status. Lonardo et al. (2008) found that, for young people, delinquent behaviour
was better predicted by partner delinquency, rather than parent or peer delinquency. Leonard
and Mudar (2003) studied drinking behaviour of couples in their first year of marriage and
found that partner behaviour was more predictive of an individual’s drinking behaviour,
compared to their peers. Furthermore, couples who did drink were also likely to have peers
exhibiting drinking behaviour, which could be attributed to peer selection (selecting peers
who have similar behaviour to one’s own), or the joining of social networks between
partners, so together the couple has more friends who drink (Leonard & Mudar, 2003).
Therefore, with time, influence from partners and peers may become similar as they share
social connections, values, and interests.

The influence of a known other is stronger than that of a stranger (e.g., Salvy et al.,
2007; Ziegler & Tunney, 2012). Salvy et al. (2007) found that people adjusted their eating to
match the consumption of a familiar other, but not an unfamiliar other. Participants, when
paired with an unfamiliar person, ate fewer snacks than when paired with someone they
knew, indicating that familiarity of the other affects behaviour (Salvy et al., 2007).
Furthermore, when people are making choices that affect others, they are more likely to
choose to minimise risk to their friend than a stranger (Montinari & Rancan, 2018).
Participants’ emotional ties to their friends changed how much risk they were willing to take;
they were more likely to risk a negative outcome when the outcome affected a stranger, and
less likely to risk a negative outcome when the outcome affected a friend (Montinari &
Rancan, 2018). Therefore, the recipient of the outcome factors into the decision-making
process.

Familiarity, or closeness, may also play a role in people’s decision-making. On a
delay-discounting task where participants chose between a smaller amount of money offered
sooner, or a larger amount of money offered in the future, Ziegler and Tunney (2012) found
that participants’ discount rates varied systematically with the degree of genetic closeness
with another person, where participants chose more sooner-smaller rewards for those closest
to them. The closer the person was to the participant genetically, the more the choice
resembled how they would make decisions when they themselves were receiving the money
(Ziegler & Tunney, 2012). Furthermore, when comparing discounting for friends and
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strangers (both genetically unrelated), discounting for friends was more similar to decision-
making for a close relative; therefore, the degree of closeness, familiarity, and kinship all
affected decision-making for others (Ziegler & Tunney, 2012). Thus, kinship, familiarity, and
social connection affect the influence a person has during the decision-making process. How
people respond to different types of social influences, specifically friends, partners, and
parents, is an area that remains understudied.

In summary, adherence to COVID-19 public health recommendations such as
lockdowns is influenced in part by social norms (L. E. Smith et al., 2020a). As people are
more likely to behave in a way that is similar to those around them, social norms are more
influential when demonstrated by a person’s closest social contacts (Bellato, 2020; Tuncgeng
et al., 2021). COVID-19 presents a situation where people are being asked to stay at home,
however, there are often social ties to friends, family, and a person’s partner which may mean
adherence is tested. People are influenced by others within their social networks, with the
closeness of that relationship being a potential factor (Leonard & Mudar, 2003; Lonardo et
al., 2008; Tuncgeng et al., 2021; Ziegler & Tunney, 2012).

Adherence to COVID-19 prevention measures have usually been measured through
self-report of past behaviour, such as whether people have left the house in the past 2 weeks
(e.g., Carlucci et al., 2020; Coroiu et al., 2020; Nivette et al., 2021; Pollak et al., 2020). Self-
report of past behaviour relies on participant recall and does not take the circumstances of
their decisions into account. In previous studies (2.1 and 2.2), we used probabilistic
discounting to measure risk-taking in specific situations, to determine the effects of the social
environment on behaviour. Probabilistic discounting has been used to examine how people
respond to monetary rewards (e.g., Chapman & Elstein, 1995), health behaviours (e.g.,
Chapman & Elstein, 1995), environmental concerns (e.g., Kaplan et al., 2014; Sargisson et
al., 2021), and in risk-taking scenarios (e.g., Hayashi et al., 2018; Strickland et al., 2022). In
probabilistic discounting, the researcher asks participants to evaluate a risk, and how likely
they would be to take the risk given the described circumstances (e.g., Hayashi et al., 2018;
Strickland et al., 2022). Adherence to public health guidance has been linked to discounting
behaviour (see DeAngelis et al., 2022; Lloyd et al., 2021; Nese et al., 2022; Strickland et al.,
2022). Vaccination against COVID-19 has also been associated with discounting behaviour,
with shallower discounting of monetary rewards predicting vaccination status (Halilova et al.,
2022). Perceived likelihood of adhering to public health advice for COVID-19 decreased
over the time that the public health measures were in effect, and at low likelihoods of
contracting the disease (Harman, 2021; Nese et al., 2022; Strickland et al., 2022). By using a
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probabilistic discounting task, we can examine risk-taking behaviour by asking people
whether they would break adherence rules (and risk receiving a fine) in response to requests
from different social contacts.

In two separate studies, we investigated whether people take more risks (breaking
adherence to a COVID-19 style lockdown) when influenced by a friend, parent, or partner
(Study 3.1), and additionally whether risk-taking differed by subjective closeness to the
influencer (Study 3.2). We hypothesised that, based on prior research, risk-taking would
differ by relationship type in a social-influence probabilistic discounting task. We
hypothesised that people would be more likely to take risks for their partners and parents than
for friends. Furthermore, we hypothesised that risk-taking would differ across social
proximity (degree of closeness), with people taking greater risks for others with whom they
have a subjectively closer relationship. Consistent with our previous studies, in both Studies
3.1 and 3.2 we also investigated differences in socially influenced risk-taking by age and

gender.

Study 3.1
Method

Participants

Participants (n = 230; 110 men and 120 women; Mage = 35.44, 95% CI[33.78, 37.11])
were recruited via Amazon’s mTurk and the University of Waikato. Participants had to be
over the age of 18 to participate. A Human Intelligence Task (HIT) was advertised to mTurk
users, using the Cloud Research platform by TurkPrime (https://www.cloudresearch.com), in
the United States of America (Litman et al., 2017). mTurk participants (n = 150) were
compensated US$1.00. An additional 80 participants were recruited from the University of
Waikato. These participants could enter a draw to win a supermarket voucher (NZ$50.00).
The project was approved by the University of Waikato’s Division of Arts, Law, Psychology,
and Social Sciences Human Research Ethics Committee (#FS2020-19).

Measures
Participants were asked to complete a 20-min questionnaire on Qualtrics

(https://www.qualtrics.com). Although participants completed other measures, only the

findings of the discounting task as a measure of risk-taking will be discussed in this article for

brevity.
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The probabilistic discounting task, that included three different scenarios themed
around a viral outbreak, asked participants whether they would break ‘lockdown’, risking a
fine of $2000. Each scenario was presented three times, with the request coming from a
person with a different relationship (friend, parent, or partner/significant other) to the
participant each time. Participants worked through all three scenarios and conditions. The
scenarios were presented in a random order, and within each scenario type, the conditions
were also randomly presented.

Participants were all shown a definition of lockdown, which applied to all three

scenarios. The definition of lockdown was:

For all the following hypothetical scenarios, your country is experiencing a viral
outbreak and your city has been placed in "lockdown™ — this is defined as a situation
in which you are required to remain indoors and can only have contact with members
of your household. Sharing items between households is not permitted. You can leave
your place of residence to get exercise by walking around your block, get essential
supplies (food and pharmaceuticals), or work (if you work in an essential service).
The fine for breaching lockdown is $2000 NZD [$1200 USD (approx. $2000 NZD)].
You can view this definition as you move through the following questions by
hovering your mouse over the word lockdown. The following scenarios are situations
where your friends, family, or partner/significant other are requesting something of
you which means breaching the lockdown. We are asking you to imagine that your
friends, family, or partner/significant other do not currently live in your household
and that you, your friends, family, and significant other are currently well, have no

symptoms of the virus, or underlying health conditions.

The scenarios were as follows:

Visit:

Your country is experiencing a viral outbreak, and your city has been placed in
lockdown. Your friend [parents (aged under 60 years), partner/significant other] really
wants to see you, as they haven’t seen you in a few weeks. Despite being asked to
remain indoors and physically isolated from other people, they really want to come to

your house to see you. If the likelihood of you receiving a fine for breaching
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lockdown is X%, how likely is it that you would let your friend come visit you in your

house?

Garden:

Your country is experiencing a viral outbreak, and your city has been placed in
lockdown. Your friend has [parents (aged under 60 years) have, partner/significant
other has] asked whether they can borrow some gardening equipment and return it the
next day. You are aware that you should not be sharing or lending items right now,
but they are wanting to make use of the lockdown period to tidy their garden which
they have neglected for a while. If the likelihood of you receiving a fine for breaching
lockdown is X%, how likely are you to lend the gardening equipment to your friend?

Medical:

Your country is experiencing a viral outbreak, and your city has been placed in
lockdown. Your friend [parent (aged under 60 years), partner/significant other] has
hurt their ankle and has asked you to drive them to the medical centre for an x-ray.
You will need to drive across town to their house, pick them up, and drive them to the
medical centre. You know this would be in breach of the lockdown, however they are
refusing to use a taxi service as they are concerned about the outbreak. If the
likelihood of you receiving a fine for breaching lockdown is X%, how likely are you

to drive your friend to the medical centre?

Participants answered six questions for each scenario and condition, which varied by

the likelihood (X%) of receiving the fine for breaching lockdown (95%, 90%, 50%, 30%,

10%, and 5%), presented in a descending order within the condition type. Participants

responded on a digital VAS ranging from 0 to 100, with the starting position set at 50. The

left-most position on the scale (0) had the qualifier of “7 would definitely not...” and the

right-most position (100) “7 would definitely...” followed by a scenario-specific behaviour

(e.g., “let them visit”). Participants clicked or moved the slider bar from the starting position

(50) to move onto the next question. Responses from participants on the discounting task

were inversed for analysis. The six questions allowed for a discount rate (as a measure of

risk-taking) to be calculated for each condition (friend, parent, partner).
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Procedure

The link to the questionnaire was provided on the recruitment advertisement. When
opened, participants saw a brief introduction to the study, stating participants would be asked
to make decisions in hypothetical risk-taking scenarios centred around a viral outbreak
similar to COVID-19. Participants were told they could withdraw from the study at any point
during the data collection process by closing the survey window. Participants who consented
to the study were shown a list of instructions asking them to maximise their browser window,
complete the questionnaire in a single setting, and not to perform other tasks while answering
the questions. Participants were asked to provide their age and gender before completing all

risk-taking scenarios in a random order.

Analysis

The questionnaire responses were downloaded from Qualtrics. As participants
answered each question on a 0-100 VAS, their responses to each question gave their
likelihood of taking the risk (known as the subjective value). For each scenario and condition
pairing, participants had six subjective values, one for each probability of the outcome
occurring. We inversed the subjective values and plotted them on a curve, showing the
likelihood of choosing the safer alternative (i.e., not taking the risk) against the probability of
the negative outcome occurring. The probability of the negative outcome occurring was
converted to an odds against ratio, using the following equation:

©=(1-p)/p ®)
where O represents odds against, and p is the percent chance of likelihood of the negative
outcome occurring. For the current study, these were 95%, 90%, 50%, 30%, 10%, and 5%,
therefore the calculated odds against values were .053, .111, 1, 2.33, 9, and 19.

Typically, as the odds against the monetary fine occurring increases, the likelihood of
choosing the safe option (an inversed subjective value) decreases. Using the open-source
Discounting Model Selector (https://www.smallnstats.com; Gilroy et al., 2017) software, we
compared four models fits of the data. We compared the exponential model, Mazur’s (1987)
hyperbolic model, Myerson and Green’s (1995) model, and Rachlin’s (2006) 2-parameter
hyperboloid (see Green & Myerson, 1996). The Discounting Model Selector provides the
information needed to compare the fit of each model. We choose to compare the models
using RSME, as both AIC and BIC were not calculated for each participant’s dataset. The
lowest median RSME was observed with Rachlin’s 2-parameter hyperboloid, therefore
providing the best fit for majority of our data, consistent with reports from McKerchar et al.
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(2009), and Sargisson and Schéner (2020). Therefore Rachlin’s 2-parameter hyperboloid
function was fitted to each set of six subjective values. The equation for Rachlin’s (2006) 2-
parameter hyperboloid is:
V=A/(1+kx (6)

where V is the participant’s subjective value, A is 100 (the undiscounted maximum value), x
is the odds against occurrence, K is the discount rate, and s is a free parameter, representing
the participant’s sensitivity to variations in the magnitude of the outcome. For each
participant, we calculated nine k values — one for each scenario and condition pairing (3 x 3)
— that describe the relationship between the participants’ subjective values and the odds
against the fine occurring. Larger k values reflect a steeper discounting function, indicating
participants were more willing to take risks as the likelihood of receiving a fine decreased.

We used the approach of Sargisson et al. (2021) to identify non-systematic
discounting, as we have previously found this to be a less conservative approach in previous
studies (Studies 1, 2.1, and 2.2) than the criteria applied by Johnson and Bickel (2008). For
participants whose subjective values at 5% probability were not at least two points less than
their subjective value at 95% probability within the same condition, we replaced k with zero,
as they did not discount across the probabilities. The percentage of participants who did not
discount across conditions is shown in Table 9. Table 9 shows the percentage of participants
who did not discount was greater in the visit and garden scenarios, compared to the medical
scenario. Additionally, the percentage of participants who did not discount was lower in both
the partner and parent conditions, compared to the friend condition. The percentage of
participants who did not discount in the friend condition varied more across scenarios,

compared with the other conditions (partner or parent).

Table 9
Percentage of Participants Who Did Not Discount by Scenario and Condition
Friend Partner Parent
Visit 60 42 48
Garden 53 45 47
Medical 41 43 47

As the k values violated normality (p <.001), we compared discount rate (k) as a
measure of risk-taking across the different relationship types (friend, parent, partner) using

Friedman’s test, followed by Wilcoxon signed-rank post-hoc analyses with a Bonferroni
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correction (critical p <.017). To explore gender differences for socially influenced risk-
taking, we used a Mann-Whitney U test to compare the median k values for men and women,
and to explore the relationship between the participant’s age and their risk-taking behaviour,

we used Spearman’s correlation coefficients.

Results

We aimed to examine whether different social relationships affected discounting
similarly. We compared discounting under the influence of three social relationships: friends,
parents, and partners. Figure 7 shows the median subjective values across each of the odds
against values for the three scenarios, for each social relationship. In all three scenarios, we
observed that as the odds against the perceived negative event increased (meaning the
negative event is less likely to happen), the likelihood of choosing not to take the risk
decreased (risk-taking increased). For all three scenarios, the discounting function was least
steep for the friend condition compared to those for partner and parent. For the visit scenario,
the greatest risk-taking was observed for the partner condition. For both the garden and
medical scenario, although risk-taking appeared very similar, we observed slightly greater

risk-taking for the parent conditions compared to the partner conditions.

Figure 7
Median Subjective Values of Risk Avoidance for Study 3.1
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Within each scenario, risk-taking differed significantly across the different social
relationships; Visit: ¥2(2) = 63.91, Garden: ¥*(2) = 34.09, Medical: ¥%(2) = 34.67, all ps
<.001. For all three scenarios, risk-taking was significantly lower for friends, compared with

that for both partners and parents. In the visit scenario, risk-taking was significantly greater
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for partners compared to parents, but risk-taking for parents was still significantly greater
than that for friends (Table 10). For the garden and medical scenarios, although we observed
significantly less risk-taking in the friend condition, there were no significant differences
between risk-taking for partners or parents (Figure 8). Figure 8 shows the median k values as

calculated by Equation 6.

Table 10
Wilcoxon Signed-Rank Post-Hoc Analyses of k Values for Study 3.1

Visit Scenario Garden Scenario Medical Scenario
Friend Friend Parent Friend Friend Parent Friend Friend Parent

Parent Partner Partner Parent Partner Partner Parent Partner Partner
Z -4.15 -6.35 -3.72 -3.99 -4.24 -0.05 -3.81 -4.31 -1.24
Sig. <.001 <.001 <.001 <.001 <.001 .96 <001 <.001 21
N 223 223 222 227 224 223 229 229 230
r -0.28 -0.43 -0.25 -0.26 -0.28 0.00 -0.25 -0.28 -0.08
Note. Bonferroni correction applied resulting in a critical p value of p <.017.

Figure 8
The k Values resulting from the Median Subjective Values for Study 3.1
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Less risk-taking for friends was also reflected the percentage of participants who did
not discount (shown in Table 9). The percentage of non-discounters was higher in the friend
condition, and lower in the partner and parent conditions, for both the visit and garden
scenarios. Percentages of non-discounters were more similar across conditions in the medical
scenario, which had greater rates of discounting compared both the visit and garden

scenarios.
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As Figures 7 and 8 show higher k values in the medical scenario compared to the visit
or garden scenario, we explored differences in discounting across scenarios by analysing the
free parameter, s, calculated by Equation 6. Participant’s s values are said to represent their
sensitivity to differences in the magnitude of the scenario outcome. We found no significant
differences in median s values across the three scenario types (see Tables C.1 and C.2 in
Appendix C).

We explored demographic factors to test whether risk-taking differed by gender or
age. We found no significant differences between risk-taking for men and women in any
scenario or condition.

We found no correlation between age and risk-taking in most scenarios and
conditions. Age was positively correlated with risk-taking when driving a parent to the
medical centre, showing older participants exhibited greater risk-taking (higher k values)
rs(230) = -.15, p = 0.03. In all other conditions, there was no relationship between age and
risk-taking behaviour, ps > .05.

In conclusion, we found lower risk-taking when requests came from friends,
compared to parents and partners. The differences between partner and parent influence
changed between scenario types. In the visit scenario, participants showed greatest risk-
taking when the requests came from their partner, and lowest risk-taking when asked by
friends, but in both the garden and medical scenarios, there was no significant difference in
risk-taking when influenced by a parent or partner. We also found no differences in risk-
taking by gender, and no consistent relationship between age and risk-taking. Overall, we
observed much greater risk-taking in the medical scenario compared to the visit and garden

scenarios.

Discussion

We aimed to determine whether people took more risks when influenced by their
friends, partners, or parents. We hypothesised that people would take more risks for their
parents and their partners compared to their friends. Our data supported our hypothesis.

Overall, participants took fewer risks for friends, and more for parents and romantic
partners. The finding that decision-making differs between relationship types is consistent
with previous research. Previous research found that decision-making changed between the
presence of partners and strangers (Salvy et al., 2007), between friends and strangers

(Montinari & Rancan, 2018), and even between different relatives (Ziegler & Tunney, 2012).
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There are several explanations for why people would exhibit more risk-taking for
partners and parents. People may have been wary of the social consequences of not following
the social norm. Since the request is coming from a parent or partner, it is evident that they
(parent or partner) are not following the ‘rules’ regarding the lockdown, thereby setting a
social norm, or standard, of non-adherence. Participants may consider the negative social
implications of not following the request from their parents or partners (e.g., not wanting to
damage the relationship), but are less concerned with these outcomes when it comes to a
friend. Additionally, it is possible that seeing a partner or family member may be of higher
value to the participants, compared to seeing a friend. Participants may have felt more
obligated to fulfil requests from parents, particularly when it comes to caring for them when
they are injured or are requesting something. People may feel obligated to give back to those
who raised them, or to maintain a future relationship (Stuifbergen & van Delden, 2010).
Socialisation and imitation of family behaviours may also play a part in why risk-taking for
parents is greater than that of friends, as the duration of relationship is typically longer. Given
these explanations, it is unsurprising that we observed increased risk-taking behaviour under
parent and partner influence compared to that of friends, including overall rates of
discounting behaviour, as opposed to non-discounting.

People tend to have a higher degree of trust towards people they are closest to or
identify with the most, which is likely to include close family and romantic partners (Cruwys
et al., 2020). People also typically believe their friends and family to pose less health risk to
them (e.g., that there is less risk of contracting a communicable disease such as COVID-19),
therefore, people may feel as if the social distancing rules are unnecessary when it comes to
parents and partners (Hult Khazaie & Khan, 2020; Schlager & Whillans, 2022). Furthermore,
participants may believe that their parents and partners are following other public health
advice such as keeping up with good hygiene, staying home, and avoiding large gatherings,
and with that belief, they may be more willing to take a risk despite the risk of being fined
(Cruwys et al., 2020). Additionally, if the participants have high trust in parents and partners,
they may believe that their partner or parent would not have asked something of them which
is likely to lead to a negative outcome (monetary fine) for them, and therefore they accept the
request while misjudging the risk.

An interesting finding from Study 3.1 was that older age was associated with greater
risk-taking for the parent condition in the medical scenario, as generally research shows
younger age is associated with greater risk-taking behaviour (Defoe et al., 2019; Duell et al.,
2018; Gardner & Steinberg, 2005; Mamerow et al., 2016). One reason for this finding might
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be that perhaps older participants also have older parents, so the medical issue is perceived as
more serious. We had attempted to eliminate this as a factor in our methodology by
specifying that the parents age was under 60 years to reduce the risk of severity of the injury,
or subsequently catching the disease (similar to early discussions regarding COVID-19),
however, we question whether participants still considered their actual parents age when
making their decisions.

One of the main limitations of Study 3.1 was that the scenarios focussed on a
hypothetical relationship between the participant and their friend, partner, or parent.
Participants were asked to imagine these relationships and how they may respond to the
requests. We did not collect information on participants’ social connections; therefore, we do
not know whether participants have a relationship which they would consider close with their
friend, partner, or parent. More information on participants’ relationships with the people in
their social circles might help to provide an explanation for the differences seen between risk-
taking when influenced by friends, parents, or a partner.

To address the limitation of hypothetical relationships, we conducted a follow-up
study (3.2) to examine whether risk-taking under social influence was affected by social
proximity to the requester. Foreman et al. (2019) previously examined whether risk-taking
differed across social proximity by using a combination of delay discounting (discounting
across temporal delays) and social discounting. Foreman et al. (2019) asked participants to
identify five social contacts at different levels of social proximity, and then how likely they
would be, when driving, to respond to a text message from these contacts. Participants were
more likely to answer the text message if the person was a close contact, and less likely if the
person was ranked as more socially distant (Foreman et al., 2019). Asking participants to
identify their own social relationships on a scale of social proximity would address concerns
around hypothetical relationships. Therefore, for Study 3.2, we used probabilistic
discounting, combined with aspects of social discounting, to compare social influence across
different social proximity positions, similar to Foreman et al.’s (2019) study.

Social discounting methods have been used to assess the use of face masks as a
COVID-19 prevention method while around social contacts (Strickland et al., 2022). They
asked people to indicate their likelihood of wearing a face mask around five social contacts of
different social proximities, in three scenarios (when the participant was either:
asymptomatic, symptomatic but no positive test, and symptomatic with a positive test).
People were less likely to wear a face mask around a closer social contact, and more likely to
wear a face mask around a more distant social contact (Strickland et al., 2022). They
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theorised that this finding may suggest that people valued seeing their closer social contacts
without masks more (Strickland et al., 2022), which indicates that were more willing to see a
closer social contact despite taking the risk of passing on the virus to their close friends and
family.

To combine both probability and social discounting in Study 3.2, we asked
participants to think about 100 people from their social network, ranking them from closest
family member or friend at #1, to an acquaintance at #100. Participants were not required to
make the list, but instead think about five specific positions on the list (#1, #10, #25, #50, and
#100), and identify who would be in those positions from their social network. We then used
a similar scenario-based probabilistic discounting task to Study 3.1, where we asked
participants to consider their social contacts in the scenarios and varied the likelihood of
receiving a monetary fine if the participant chose to see their social contact. By varying the
likelihood of receiving the fine, we were able to compare risk-taking across social
proximities. Based on Foreman et al.’s (2019) and Strickland et al.’s (2022) results, we
expected that risk-taking would vary systematically as a function of who the request comes
from, and that participants would exhibit greater risk-taking when requests came from
someone of closer social distance and less risk-taking for a social contact with greater social

distance.

Study 3.2
Method
Participants
We recruited 231 participants from mTurk (Mage = 41.94, 95% CI [40.41, 43.46]). The
sample was 123 women and 107 men, all residing in the United States of America.
Participants were compensated US$1.00. Our project was approved as an amendment to
Study 3.1 (#FS2020-19), by the University of Waikato’s Division of Arts, Law, Psychology,

and Social Sciences’ Human Research Ethics Committee.

Measures

Participants answered the questionnaire on Qualtrics as part of a wider survey on
behaviour however, only the results of the probability-discounting task are discussed.

For the probability-discounting task participants were first asked to imagine they had

created a list of 100 people that they knew (adapted from Rachlin & Jones, 2008).
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Imagine that you have made a list of the 100 people closest to you in the world
ranging from your best friend or close family member at position #1 to an
acquaintance at #100. The person at #1 would be someone you know well and is your
closest friend or relative — someone that provides support for you in times of need.
The person at #100 might be someone you recognize and encounter but do not know
well. You do not have to physically create the list of 100 people—just imagine that
you have done so. The following questions will ask you about five positions on this

list so think carefully about these five positions and identify a person for each.

The positions were 1, 10, 25, 50, and 100. Participants identified the relationship they
had with each person from a dropdown list (e.g., friend, partner/spouse, parent, sibling,
colleague, neighbour, or acquaintance). Participants were asked whether they would take
risks for these five people, during a probabilistic discounting task in a series of hypothetical
scenarios. Three scenarios were used. The first two were the garden and medical scenarios
from Study 3.1 worded identically. The visit scenario used in Study 3.1 was replaced with a
birthday party scenario, as it seemed less realistic that someone of further social distance
might visit the participant. The birthday scenario was framed around receiving an invitation

to attend a birthday dinner, as follows:

Your country is experiencing a viral outbreak, and your city has been placed in
lockdown. #Y has invited you to their birthday dinner celebration at their house.
Despite being asked to remain indoors and physically isolated from other people, they
really want to celebrate their birthday with a dinner indoors. If the likelihood of you
receiving a fine for breaching lockdown is X%, how likely is it that you would attend

the birthday dinner celebration for #Y?

In each scenario (birthday, garden, and medical), X% was the probability of receiving
a fine, 95%, 90%, 50%, 30%, 10%, and 5%, presented in a descending order, and #Y varied
by the five social proximity positions. Participants then answered questions on a 0 — 100 VAS
with qualifiers at either end, e.g., at 0 ‘I would definitely not attend’ or at 100 ‘I would
definitely attend’ for the birthday celebration scenario. The starting position of the VAS was
set to 50 and participants responded by dragging the slider left or right to indicate their

likelihood of taking the risk. The five conditions (different social proximity indicating
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different levels of closeness) were presented in a random order, nested within the presentation

of the three scenarios (also presented in a random order).

Procedure and Analysis

A factorial analysis of variance (ANOVA) was conducted on the raw subjective
values using the five levels of closeness (#1, #10, #25, #50, and #100), and six levels of
probability (95%, 90%, 50%, 30%, 10%, and 5%), for each of the scenarios. Mauchly’s test
showed data for each scenario violated sphericity (ps <.001), so Greenhouse-Giesser
correction was applied (e <.75).

We also followed a similar procedure to that as described in Study 3.1, where the
subjective values were inversed, and then we calculated k by fitting Rachlin’s (2006) 2-
parameter hyperboloid model to the data. We calculated five k values per scenario (15 total),
one for each of the conditions within a scenario.

We corrected k values as outlined in the method for Study 3.1. The percentage of
participants who did not discount is shown in Table 11. The percentage of participants who
did not discount was lower in the medical scenario, but this varied across social distance.
Additionally, the percentage of participants who did not discount was higher for Person #1,
and Person #100 compared to other social distance positions. This is likely due to participants
choosing that they would always take Person #1 to the medical centre (regardless of the
likelihood of the fine), therefore the discounting functions started and stayed low indicating
no discounting. Whereas for Person #100, the discounting functions started high and stayed
high indicating no discounting, as people would not take Person #100 to the medical centre
(regardless of the likelihood of the fine). The percentage of participants who did not discount
in the medical condition was still lower than those that did not discount across all social

proximities in the birthday and garden scenarios.

Table 11
Percentage of Participants Who Did Not Discount by Social Proximity
1 10 25 50 100
Birthday 39 46 56 68 78
Garden 37 32 41 52 66
Medical 51 29 29 37 54
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We compared the k values across the different social proximities using Friedman’s
tests, with Wilcoxon signed-rank post-hoc analyses applying a Bonferroni correction (p
<.005).

For Study 3.2, we also examined the data by social distance, across probabilities.
Using the raw subjective values, we calculated k across the six probabilities, using Equation
6, with x as the social distance, which showed how participants discounted across changes in
probability. For each participant, we calculated six k values for each of the three scenarios,
one for each of the probabilities used (18 total). We corrected k values as outlined in Study
3.1. The percentage of participants who did not discount is shown in Table 12. The
percentage of participants who did not discount (by probability) was lower in the in the
medical scenario, compared to the birthday and garden scenarios. Across all three scenarios,
the percentage of participants who did not discount decreased across the probabilities of
receiving a fine (Table 12). We compared the k values across probabilities using Friedman’s
tests, with Wilcoxon signed-rank post-hoc analyses with Bonferroni correction applied (p
<.003). This analysis allows for comparison to social discounting studies where k was
calculated using social distance.

Table 12
Percentage of Participants Who Did Not Discount by Probability
95 90 50 30 10 5
Birthday 51 49 42 35 29 26
Garden 50 47 38 32 28 27
Medical 21 19 17 16 16 18
Results

For Study 3.2, we aimed to compare risk-taking when responding to a request from
five people, at varying degrees of social proximity. Table 13 shows frequency (%) of the type
of relationship identified by participants, as a percentage for each social proximity rating. The
relationship varied by social proximity, for example, 62% of participants identified their
significant other as their #1 person. At the #10 position, 55% identified a friend. Friend was
also common at Position #25 (35%) followed by 24% of participants identifying a co-worker
at #25. The most common relationship between participants at their #50 and #100 positions

was acquaintance.
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Table 13

Percentage of Each Relationship Type Across the Five Social Proximity Positions

Relationship type #1 #10 #25 #50 #100
Partner/ Significant Other ~ 61.90 2.60 0.40 0.00 0.40
Parent 12.10 5.20 4.30 3.00 1.30
Friend 11.70 54.50 35.10 15.60 3.90
Sibling 9.10 10.40 5.60 1.30 1.30
Other Family 4.30 10.40 3.00 1.70 0.40
Employer 0.40 1.30 2.60 2.60 3.50
Co-workers 0.00 10.00 24.20 18.60 11.70
Flatmate/ Roommate 0.40 0.40 0.00 3.00 1.30
Neighbour 0.00 2.60 11.70 17.30 17.30
Acquaintance 0.00 2.20 12.60 35.50 55.40
Other 0.00 0.40 0.40 1.30 3.50

Figure 9 shows the mean subjective values (likelihood of taking the risk) against the
odds against ratio (calculated by Equation 5) for each social proximity. Figure 9 shows that
for all three scenarios, participants showed greater risk-taking for those they were closer to,
and less for someone of a further social distance, however, when the risk of the fine was high
(low odds against ratio), participants took less risks. When the risk of the fine was low
(higher odds against ratio), participants took more risks.

The factorial ANOVA using the subjective values for the birthday scenario showed
that there was a significant main effect for closeness, F(1.71,854.64) = 154.59, p < .001, np?
= .40, a significant main effect for probability, F(1.34,854.64) = 125.31, p <.001, ny? = .35,
and a significant interaction between probability and closeness on the participant’s subjective
values, F(3.72,854.64) = 34.14, p < .001, n,®> = .13. For the garden scenario, significant main
effects of closeness, F(1.95,1195.33) = 155.48, p < .001, n? = .40, and probability, F(1.24,
1195.33) = 143.83, p <.001, np? = .39, were observed. There was also a significant
interaction effect between probability and closeness on the subjective values, F(5.20,
1195.33) = 30.31, p <.001, np? = .17. For the medical scenario, we also observed significant
main effects for closeness, F(2.24,1133.47) = 293.40, p < .001, np? = .56, probability, F(1.28,
1133.47) = 200.45, p < .001, np? = .47, and between the interaction between probability and
closeness, F(4.93, 1133.47) = 12.91, p <.001, np? = .05, on the participant’s subjective
values. The factorial ANOVA results show that the likelihood of the negative outcome
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occurring, and the social proximity to the social contact making the request, affected how
likely participants were to take risks; increasing the odds against a negative outcome
(monetary fine) and having increased social closeness, both resulted in increased risk-taking.
People were therefore more likely to take risks for a closer social contact (e.g., #1), when the
likelihood of receiving a fine was low, and less likely to take risks for more distant social
contacts, but especially when the likelihood of receiving a fine was high (e.g., 95%; see

Figure 9).
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Figure 9

Mean Subjective Ratings of the Likelihood of Choosing to Take the Risk Across the Odds Against the Negative Outcome Occurring by Social

Proximity
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Figure 10 shows the median subjective values (inversed) across each of the odds
against values (calculated by Equation 5) for the three scenarios for each social proximity
with Equation 6 fitted to the data. In all three scenarios as the odds against the negative
outcome increased (monetary fine), the likelihood of choosing the safe choice decreased
(meaning risk-taking increased). For all scenarios in Figure 10, the discounting curve is
steeper, meaning people exhibited greater risk-taking, for people of closer social distance (#1)

compared to people at a further social distance (#100).

Figure 10
Median Subjective Values of Risk Avoidance for Study 3.2
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Within each scenario type, risk-taking differed by social proximity, Birthday: 2 (4) =
270.35, Garden: y? (4) = 229.66, Medical: y? (4) = 165.26, all ps < .001. Wilcoxon signed-
rank post-hoc analyses showed significant differences between the median k values for each
social proximity rating in all conditions, except between #1 and #10 in the medical scenario
(Table 14). In every scenario, the median k value was highest for the person of closer social
distance (#1), and lowest for the person of furthest social distance (#100), meaning greater
risk-taking was exhibited for those who were socially closer, compared to those more socially

distant.
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Table 14
Wilcoxon Signed-Rank Post-Hoc Analyses of k Values for Study 3.2

Birthday Scenario

#1-  #1- #1 - #1- #10- #10- #10- #25- #25- #50 -
#10 #25 #50  #100  #25 #50  #100  #50  #100 #100

z -6.18 -7.27 -8.14 -882 -492 -749 -842 -487 -/.11 -4.60
Sig. <.001 <.001 <001 <001 <.001 <.001 <001 <.001 <.001 <.001
N 221 223 223 223 226 226 226 228 228 229

r -042 -049 -055 -059 -033 -050 -056 -0.32 -047 -0.30
Garden Scenario
Z -430 -599 -717 -881 -534 -736 -884 -469 -821 -5.66

Sig. <.001 <.001 <001 <.001 <.001 <001 <.001 <.001 <.001 <.001
N 223 223 222 219 225 224 221 224 221 221

r -0.29 -040 -048 -060 -036 -049 -059 -0.31 -055 -0.38
Medical Scenario
Z -2.04 -377 -494 -646 -7.13 -8.14 -898 -5.44 -7.97 -7.18

Sig. .04 <001 <.001 <001 <.001 <001 <.001 <.001 <001 <.001
N 228 226 224 224 226 224 222 222 220 219
r -0.14 -025 -033 -043 -047 -054 -0.60 -0.37 -0.54 -0.49

Note. Bonferroni correction applied resulting in a critical p value of p <.005.

We also calculated k using social proximities to compare k across probabilities. Figure
11 shows the median subjective values (the likelihood of choosing to take the risk) across
each of the social proximities for the three scenarios, for each probability value, with
Equation 6 fitted to the data. In the birthday and garden scenarios, Figure 11 shows very low
rates of risk-taking across probabilities. For the medical scenario, discounting changed based
on social distance. For the participant’s closest contact (#1), participants were likely to take
them regardless of the likelihood of receiving a fine (the likelihood of taking the risk was at
the maximum of 100 for all probabilities). However, for more distant social contacts (#10,
#25, #50, and #100), as the probability of the fine increased, participants were less likely to
take the risk. In contrast, although participants did not respond differently to variations in the
likelihood of receiving a fine for Person #1 in the medical scenario, participants did differ in
their responses for #1 across differences in probability of receiving a fine in both the birthday

and garden scenarios (the intercept of the function decreased with increasing likelihood of a
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fine). Risk-taking differed by the likelihood of the negative event occurring in all three
scenarios (ps < .001). k values differed across probabilities in all scenarios but not in a

consistent pattern (see Table D.1 in Appendix D).

Figure 11
Median Subjective Values of Risk-Taking by Social Distance for Study 3.2
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Greater discounting in the medical scenario (compared to the birthday or garden
scenarios) as shown by Figure 11 are consistent with the percentage of participants who did
not discount as shown in Table 12. The rate of participants who discounted was consistent
across probabilities for the medical scenario, whereas for the birthday and garden, people
were less likely to discount at higher likelihoods of the fine, compared to when there was a
lower likelihood of receiving a fine (see Table 12).

Furthermore, we explored the s values, or sensitivity to differences in the magnitude
of the scenario outcome, across scenarios. As with Study 3.1, the analysis of s values did not
provide any insights into understanding the patterns in discounting across scenarios (see
Tables D.2 and D.3 in Appendix D).
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Table 15 shows the Mann-Whitney U results of gender differences in risk-taking (k
values). In four conditions of the birthday scenario (for social proximity positions #1, #10,
#25, and #100), men exhibited greater risk-taking than women. In the garden scenario, men
showed greater risk-taking than women only for a social proximity rating of #50. No
differences between the risk-taking of men and women were observed in the medical scenario

(see Table D.4, for descriptive statistics, in Appendix D).

Table 15
Mann-Whitney U Analyses Comparing Risk-Taking Between Men and Women

Birthday
#1 #10 #25 #50  #100

z -270 -248 -239 -188 -2.82
Sig. .01 01 .02 .06 .01
N 223 226 228 229 229
r -0.18 -0.16 -0.16 -0.12 -0.19

Garden
Z -0.27 -170 -0.63 -228 -192
Sig. 79 .09 53 .02 .05
N 225 227 227 226 223
r -0.02 -0.11 -0.04 -0.15 -0.13

Medical
Z -0.25 -120 -0.66 -0.88 -0.38
Sig. .80 23 51 .38 71
N 229 228 226 224 223
r -0.02 -0.08 -0.04 -0.06 -0.03
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Older age was associated with less risk-taking, but only for close social contacts
(Table 16). Participant age had a significant relationship with k in two conditions (social
proximity #1 and #10) for the birthday and medical scenarios, and for social proximity #1 in

the garden scenario.

Table 16
Spearman’s rho Correlation Coefficients Between Age and k Values for Study 3.2
Correlation
Distance Coefficient Sig. N
(rs)

#1 -0.23 <.001 224

#10 -0.17 011 227

Birthday #25 -0.13 .06 229
#50 -0.12 .08 230

#100 -0.11 10 230

#1 -0.14 031 226

#10 -0.11 .09 228

Garden #25 -0.09 .20 228
#50 -0.10 A5 227

#100 -0.07 .30 224

#1 -0.17 .010 230

#10 -0.21 .001 229

Medical #25 -0.08 21 227
#50 -0.10 A3 225

#100 -0.04 51 224

In conclusion, people took greater risks for closer social contacts compared to
someone of further social distance. In all three scenarios, there was significant main effect of
closeness, probability, and an interaction between closeness and probability on the
participants subjective rating of whether they would take the risk. Both increasing the odds
against receiving a monetary fine and having a closer relationship, resulted in increased risk-
taking. Older age was associated with less risk-taking for close social contacts, however, the

relationship between age and k values was only statistically significant in some conditions.
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Men took greater risks than women in the birthday scenario. Participants exhibited the most

risk-taking in the medical scenario, compared to the birthday and garden scenarios.

Discussion

We aimed to examine whether people would exhibit greater risk-taking for a person
with whom they have a closer relationship. Our results supported our hypothesis. Participants
showed greatest risk-taking for those they were closer to, and showed the least risk-taking for
those more socially distant, however risk-taking also depended on the likelihood of the fine.
When the likelihood of the fine was low, participants were more likely to take risks for their
closer social contacts and when the likelihood of receiving a fine increased, participants were
less likely to take risks for any social contact. Therefore participants’ behaviour was not only
governed by the degree of closeness with the social contact, but the likelihood of receiving a
fine, and the interaction between closeness and the probability of the negative outcome
occurring.

In situations where risk-taking leads to positive social consequences, people are more
likely to take risks (Stone & Allgaier, 2008). In our hypothetical scenarios, when the request
is made, the person making the request is defying lockdown rules and therefore encouraging
the participant to take the risk (behaviour which may lead to receiving a fine). The participant
may then believe that taking the risk, acting in accordance with their social contact, will
result in social validation for risk-taking. Additionally, it is likely that participants perceive
the consequences differently in relation to their family and friends who were identified as
their closest person (#1 on their social proximity list), to those who are more distant (such as
an acquaintance). The majority of participants reported the closest person to be their
significant other/partner (n = 143; 62%), and the person they were least close to (#100 on
their list) was typically an acquaintance (n = 128; 55%). People are likely to be more
concerned about negative outcomes (such as being ostracised) from not taking the risk for a
person with whom they have a closer relationship. Therefore, it makes sense that when
participants think about the expected social consequences, risk-taking is increased for a
person closer to them, than that of a person of greater social distance (Brechwald & Prinstein,
2011; van Bavel et al., 2020).

Furthermore, it is likely that participants perceive greater value in interactions with a
close friend or family member than with a more distant social contact. People were found to
be more willing to see a closer social contact than a stranger without a face covering, despite
the risk of potentially passing on the COVID-19 virus (Strickland et al., 2022). Therefore,
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this indicates that people value seeing their close friends or family members, despite potential
consequences. Furthermore, Charlton et al. (2012) found participants were less willing to
wait for a social interaction with someone at a closer social distance, than someone at a
greater social distance, suggesting participants perceived social interaction with someone
they are closer to as being more valuable. During the COVID-19 pandemic, governments
have been asking citizens to social distance (physically distance from others) and delay their
interactions with loved ones. Therefore, it is unsurprising that participants are more willing to
meet the requests of closer friends and family simply because they value seeing or helping
close friends and family more than distant others.

People also make more risk-averse decisions for others, as they do not want to expose
people they know to negative outcomes (Montinari & Rancan, 2018; Ziegler & Tunney,
2012). Montinari and Rancan (2018) found participants were less likely to take risks that may
result in a loss of money for their friends compared to strangers, therefore they were more
willing to expose strangers to negative outcomes. In the current study, the scenarios did not
inform the participants of any consequences to them, or their social contacts, however,
participants may have considered potential consequences regardless, particularly around
transmission of the hypothetical virus. In our study, this may mean the participant was more
willing to take the risk of a fine to make their close friend or family member happy, saving
them from a potential negative outcome (e.g., being sad on their birthday). Therefore, it is
unsurprising that participants took more risks for their close social contacts, as they did not
want to let them down or upset them, meaning the effect on their social contact would also
impact the participant’s response.

Furthermore, our studies did not mention any risks regarding catching the virus,
however, people consider closer social contacts, such as a friend or family member, to be less
likely to pass on COVID-19 compared to a stranger (Schlager & Whillans, 2022). Therefore,
another possible explanation for our findings, that people took greater risks for their closer
social contacts, is that they perceived the risk of catching the disease as lower from closer
social contacts and higher from more distant social contacts as found by Schlager and
Whillans (2022), and therefore, disregarding the likelihood of the fine.

We also explored discounting across social distance by calculating k from the
subjective values across distance, rather than probability. We found participants were less
likely to take risks when the likelihood of receiving a fine was higher and were more likely to
take risks when the likelihood of receiving a fine was lower. When exploring participant

responses by social discounting across probability of the fine, our participants were very
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unlikely to take any risks in the birthday or garden scenarios (demonstrated by the percentage
of non-discounters). The pattern in the medical scenario differed, as we saw differences in
behaviour across social proximity; for Person #1 participants were willing to take the risk
regardless of the probability of the fine, and for the other four more distant social contacts, as
the probability of the fine increased, our participants were less likely to take risks for more
distant social contacts. Similar to the findings when we analysed by probability, participants
were more likely to take risks for someone they were closer to, and less likely to take risks
for someone at a greater distance. Results showed that when there was an increased
likelihood of the fine, and a greater social distance to the requester, participants exhibited
lower risk-taking, compared to when requests were made by a closer social contact, and the
risk of receiving a fine was low. Overall, more differences in discounting were observed
within the medical scenario through both methods. Despite low rates of discounting
behaviour in the birthday and garden scenarios, the absence of risk-taking is positive, as it
indicates people are following the public health guidance.

As social networks may affect decision-making, public health organisations should
consider how social connections can be used in public messaging on disease prevention.
Many public health messages place emphasis on practicing social distancing (physically
distancing oneself) from strangers, which likely reinforces people’s tendency to belief that
their friends and family are not at high risk of transmitting the virus to them (Cruwys et al.,
2020; Schlager & Whillans, 2022). We found that, although in these scenarios people are
usually unwilling to take risks, when they do, they are more likely to take risks for a person
with whom they have a closer relationship. Public health messaging during COVID-19 (and
subsequent health crises) should consider how to combat the influence of close social

contacts on harmful risky behaviour.

General Discussion

We aimed to understand the influence of relationship type and relationship closeness
on risky decision-making. In Study 3.1, people took greater risks for their parents and
partners than their friends. Risk-taking was greater for partners than parents in the visit
scenario, and greater for parents than partners in the medical scenario, but there was no
difference between risk-taking for parents and partners in the garden scenario. People can be
influenced by their friends (e.g., O'Brien et al., 2011; A. R. Smith et al., 2014; van Hoorn et
al., 2017), parents (e.g., Carter et al., 2014; Casswell et al., 2002; Mares et al., 2011), and
partners (e.g., Homish & Leonard, 2008; Homish et al., 2007; Leonard & Mudar, 2003;
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Windle & Windle, 2018), but very few have actually compared social influence across
different relationships. As we found participants were more influenced by their partners and
parents than their friends, we investigated whether this was due to the closeness of that
relationship. For Study 3.2, we found that participants’ risk-taking increased systematically
with the degree of social proximity, meaning they took greater risks for those they were
closest to and fewer risks for those they were socially further from. These results were
consistent with those of Foreman et al. (2019), who found risk-taking in the form of replying
to a text while driving decreased as the social distance to the sender increased. From
understanding that risk-taking changes with social closeness, researchers interested in
reducing harmful risk-taking should consider how to reduce the negative influence of close
others, rather than focusing on one relationship type, such as friends.

We found participants took very few risks across both studies. Although some
research has indicated a relationship between steeper discounting and adherence to public
health measures (e.g., Byrne et al., 2021; Camargo et al., 2021; DeAngelis et al., 2022; Lloyd
et al., 2021), some have shown the inverse, meaning that greater impulsivity was associated
with greater adherence (e.g., Calluso et al., 2021; Hudson et al., 2022; Strickland et al., 2022;
Wismans et al., 2021). Hudson et al. (2022) found delay discounting predicted some
behaviours and not others, for example, discount rates were associated with increased mask-
wearing and hygiene behaviours, but did not predict social (physical) distancing, or
vaccination. One theory to explain the positive association between discount rates and public
health is that people reframed the behaviour to protect themselves from a virus like COVID-
19 (Calluso et al., 2021). Therefore perhaps people see higher expected value in choosing the
safer option, in our case that is to not take the risk (Byrne et al., 2021). We found that the
percentage of people who did not discount generally increased across social proximity,
suggesting that people made conscious choices based on the context provided, rather than just
arbitrarily responding. For the medical scenario, the percentage of participants who did not
discount would capture those that would always take the risk and those who would never take
the risk, which may explain why the medical scenario deviated from the increasing pattern
seen in the other scenarios. Furthermore, as the COVID-19 pandemic also created some
economic uncertainty, people may have been less willing, or completely unwilling, to risk
such a substantial fine given the described similarities between the COVID-19 pandemic and
our scenarios. Future research could examine whether similar observations are made under

variation of fine magnitudes.
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Although risk-taking was very low across the studies, people were more likely to take
risks in the medical scenario. Many actions during the pandemic are seen as morally good
(e.g., isolating when symptomatic) and therefore have a greater chance of reinforcement from
the public (Francis & McNabb, 2022; Prosser et al., 2020). Adherence is purported as a civic
duty (Webster et al., 2020), so in the case of driving an injured friend or family member to
the medical centre, the choice may be morally ambiguous. Although staying home is seen as
good, helping a friend or family member in need may be viewed as an exception, in that more
people are likely to be understanding and commend this action. Furthermore, if participants
did get stopped by law enforcement, perhaps they feel as if they could justify their non-
adherence to the public health guidelines in this medical scenario, more so than a social visit
like a birthday, and not get punished for the action.

Caring for others is also a behaviour that has been socially reinforced. Webster et al.
(2020) mentioned that adherence to isolation and quarantine measures during the Ebola
outbreak in West Africa was affected by culture, where it was the norm to care for those who
were sick despite the risk associated with providing care. Although people may be willing to
put themselves at risk, they are also concerned for the health of those around them, and report
feeling a sense of responsibility to their community to follow the public health guidance
(Wolf et al., 2020). The medical scenario confounds caring for the community by staying
home, with caring for an injured family member or friend (a person of closer social
proximity). Furthermore, the medical scenario may be perceived as having a low-risk (to the
community), through a mostly isolated drive to the medical centre, but a high-benefit to the
person in need. In Study 3.2, people took greater risks for those they were closer to, however,
it is likely they were considering more than just the likelihood of the fine in their decision-
making. People are likely also considering the implications — risks and benefits — of their
choice on those closest to them, and their wider community, alongside both the fine and how
the choice may affect the individual and their relationship in the future. Therefore, perhaps it
is unsurprising that we would see greater risk-taking in a scenario based around responding to
a plea for help.

We also explored whether socially influenced risk-taking differed by age or gender in
both studies. We found no relationship between risk-taking behaviour and age in Study 3.1,
however, in Study 3.2, in some conditions, risk-taking was negatively associated with age,
meaning younger participants took greater risks. This relationship between age and risk-
taking was significant for the person of closest social proximity (#1) in all three scenarios,
and #10 in two of the scenarios.
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Furthermore, we found no significant differences between the risk-taking of men and
women in Study 3.1, however, in Study 3.2, in the birthday scenario men took more risks
than women. Previous research on risk-taking shows, in some studies, men have higher risk-
taking compared to women (e.g., Reniers et al., 2016; van Leijenhorst et al., 2008), and, in
others, there is no difference in risk-taking between men and women (McCoy et al., 2017).
Morgenroth et al. (2017) suggested that the finding whereby men exhibit greater risk-taking
IS due to biases in measures of risk-taking. We previously found no consistent gender
differences using novel risk-taking scenarios (see Studies 2.1 and 2.2). For the current
studies, our scenarios were novel but based on adherence to a lockdown. Our finding that
men took more risks in the birthday scenario is consistent with literature showing men
reported less adherence to COVID-19 restrictions than women, indicating greater risk-taking
regarding COVID-19 for men (Nivette et al., 2021; Pollak et al., 2020; L. E. Smith et al.,
2020a). Given that we found no differences between men and women in Study 3.1, and
inconsistent differences across scenarios in Study 3.2, differences in risk-taking behaviour of
men and women may be specific to the context in which the decision is occurring, as reported
by McCoy et al. (2017) and Morgenroth et al. (2017).

Our studies add to the literature on social influence by comparing how different
relationships affect decision-making. In addition, social closeness is associated with greater
influence over behaviour. These studies both used hypothetical scenarios which may be
similar to what participants are facing during COVID-19, with restrictions on seeing others in
person (non-household contacts). Hypothetical discounting scenarios have been used
previously to measure the likelihood of adherence to social-distancing over the time that the
measures are required (Harman, 2021; Nese et al., 2022), and the probability of contracting
COVID-19 (Nese et al., 2022). The use of hypothetical scenarios may be seen as a limitation,
as it may be difficult for participants to respond in a way which accurately reflects their
behaviour. As in the current study, it is not always safe or practical to use real outcomes in
decision-making research, therefore hypothetical scenarios have been widely used (e.g., Horn
& Freund, 2021; Kihberger et al., 2002; Locey et al., 2011; Madden et al., 2003; Robertson
& Rasmussen, 2018). The decisions participants make for hypothetical outcomes are similar
to those made for real outcomes (e.g., Horn & Freund, 2021; Kiihberger et al., 2002; Locey et
al., 2011; Madden et al., 2003; Robertson & Rasmussen, 2018). Another limitation of the
scenarios is that we did not present any additional facts about the virus, and as data were
collected during the 2020 COVID-19 pandemic, people may have had preconceived ideas
about the virus based on COVID-19. From what is known about COVID-19; it can affect
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people differently, especially if they have existing health conditions (Flaherty et al., 2020).
Therefore, it is likely that people interpret the risk of contracting COVID-19 or transmitting
the virus to friends and family who may have existing conditions, differently. Due to the
differences in risk perception for COVID-19, we focused on the risk of a monetary fine for
breaking lockdown during a viral outbreak, as this risk is less affected by personal risk factors
to COVID-19.

The findings contributed to the existing discounting literature by combining two
existing methods to examine differences in social influence on risk-taking behaviour, and
although we focused on hypothetical risk-taking during a viral outbreak, this approach may
have other applications. The combination of social and probabilistic discounting methods
could be used to assess various types of risk-taking in scenarios where social influence
occurs, such as risky driving, substance use, or other unhealthy, harmful, or unsafe decisions.
Furthermore, we were able to show systematic differences in risk-taking behaviour,
dependent on social proximity, and differences in risk-taking dependent on the type of
relationship. As people often use the views of friends and family to aid in decision-making,
researchers should examine whether wider social contacts can also positively influence
people to make safer decisions. Previously, we found that peers could have a positive
influence on risk-taking when a risk-averse opinion was given (see Study 2.2). It would be
interesting to determine whether positive social influence extends beyond just peers,
investigating the extent to which social contacts of various levels of social closeness can
positively influence behaviour. Furthermore, to encourage people to adhere to the public
health rules, researchers should examine how to increase adherence through encouraging
people to model positive social norms. Public health teams may also be able to counter the
influence of close social contacts if they understand the increased risk from closer social
contacts. By educating people about different sources of social influence, and providing
alternative actions, this information may help to curb some harmful risk-taking behaviour,
particularly when disease prevention requires it.

In conclusion, we conducted two studies to examine how people respond to social
influence in a lockdown scenario. We found that participants’ risk-taking behaviour during a
lockdown scenario differed by relationship type and closeness, finding people were more
influenced by their partners, and the closest people in their lives. Understanding the effects of
negative social influences on behaviour is useful as a first step to reducing harmful risk-

taking behaviour as a result of social influence. Furthermore, combining social and
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probabilistic discounting allows for a novel way to examine the effects of social influence on

risk-taking.
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Chapter 5
General Discussion

As impulsive and risky decision-making have been associated with gambling (Mishra
et al., 2010), dangerous or distracted driving (Iversen, 2004; Walshe et al., 2021), and
substance abuse (Feldstein & Miller, 2006), we aimed to investigate factors that increased the
likelihood of harmful risky choices, such as peers, age, and gender. Specifically, we wanted
to understand the differences between the effects of peer presence and peer influence, the
effects of positive and negative peer influence, and how the type of peer affects risk-taking.
The findings from the series of studies conducted for this thesis are integrated and discussed

below.

The Effect of Peers on Decision-making

In previous literature, the term “peers” has been synonymous with friends, but we
were curious as to whether peer influence, or more broadly social influence, extended beyond
friends, and whether other social contacts would affect decision-making similarly to the way
friends do. In Study 3.1, we investigated risk-taking behaviour (risking a fine for breaking
lockdown during a viral pandemic) when negatively influenced by friends, partners, or
parents. Our results showed risk-taking was lowest for friends, and that participants were
more influenced by partners or parents. Previous research has indicated that decision-making
differs in the presence of people from different types of relationships (Salvy et al., 2007), or
for people of varied degrees of closeness (Montinari & Rancan, 2018; Ziegler & Tunney,
2012). Furthermore, parents and partners affect risk-taking (Carter et al., 2014; Casswell et
al., 2002; Homish & Leonard, 2008; Homish et al., 2007; Leonard & Mudar, 2003, 2004;
Mares et al., 2011; Windle & Windle, 2018). However, little research had compared
influences from partners, parents, and friends on adults.

Our results showed that whether people were more influenced by parents or partners
was dependent on the situation described in the scenario. It may be that people perceive
greater value in risk-taking for parents or partners, compared to friends. People may spend
more time with their partners in usual circumstances, compared to friends and parents,
therefore, perceived the act of distancing from them during a pandemic to be much more
difficult, and seeing them to be more rewarding. Greater risk-taking for parents may be
explained by the parents’ age, health concerns, or familial obligations. A persons’ parents are
likely to be older than their partner, and therefore an injury may be perceived as more severe
than an injury for a partner.
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Furthermore, parents may have fewer people to provide support to them, and adult
children may feel obligated to care for those who raised them (Stuifbergen & van Delden,
2010). Finding that people took fewer risks for friends, and more risks for their parents and
partners, means researchers should consider different potential sources of influence.
Therefore, studies of peer influence should be broadened to include other social contacts, and
understood more generally as the influence of others, as friends are not the only type of social

contact that affect decision-making.

Is Peer Presence the Same as Peer Influence?

In the peer-influence literature, peer presence and peer influence are often used
interchangeably. In some studies, influence is assumed by peer presence (e.g., O'Brien et al.,
2011; Weigard et al., 2014), whereas in other studies, peers provide an opinion that
influences the choice (e.g., Gilman et al., 2014). We wanted to explore whether decision-
making differed in the presence of peers, and understand whether there was a difference
between the effect of peer presence and peer influence on decision-making. Our studies
demonstrated that negative peer influence (encouraging risk-taking) increased risk-taking
behaviour beyond that of peer presence, meaning there is a difference in the effect that peer
presence and peer influence have on risk-taking.

To investigate whether there was a difference between peer presence and peer
influence, we provided participants with a description of scenarios where the participant was
alone, with their best friend (peer presence), and then experiencing negative peer influence,
where their friend encouraged them to choose the riskier option. Across both Studies 2.1 and
2.2, when comparing these three conditions (peer absence, peer presence, and negative peer
influence), we had two main findings.

The first finding was that risk-taking in the peer-absent condition was significantly
lower than in both the peer-present and negative peer-influence conditions. The findings from
both Studies 2.1 and 2.2 were consistent with previous literature showing peer presence (e.g.,
O'Brien et al., 2011; A. R. Smith et al., 2014; Weigard et al., 2014), and negative peer
influence (through providing a risk-promoting opinion) increased risk-taking (e.g., Gilman et
al., 2014; Haddad et al., 2014; van Hoorn et al., 2017).

Second, although we found that peers affect risk-taking in both peer conditions, there
was a difference between the effects that peer presence and peer influence had on risk-taking.

Risk-taking was greater in the peer-present condition compared to the absence of peers,
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however, risk-taking in the peer-present condition was significantly lower than that in the
negative peer-influence condition.

Studies 2.1 and Study 2.2 produced consistent results. Given the consistency in
findings in two studies, we conclude that risk-taking is affected by peer presence, albeit the
effect of peer influence is significantly greater than that of peer presence. Therefore, the
results of these studies show peers affect risk-taking behaviour, however, since there are
differences between the effect of peer presence and peer influence, it is important that peer
influence is clearly defined in future research. Furthermore, campaigns that aim to reduce
harmful risk-taking behaviour should also include ways to counter passive peer influence

from present peers.

Positive Versus Negative Influence

We also examined how people responded to positive peer influence. While it was
known that peers may reduce risk-taking behaviour in some circumstances (e.g., Bingham et
al., 2016; Cascio et al., 2015; Simons-Morton et al., 2014; Tomova & Pessoa, 2018), we
thought it would be useful to contrast positive peer influence (a risk-averse opinion) with
negative peer influence (a risk-promoting opinion). Study 2.2 included a positive peer-
influence condition, alongside peer absence, peer presence, and negative peer influence. Our
participants made riskier choices when provided with a risk-promoting opinion, and safer
choices when provided with a risk-averse opinion. Furthermore, positive peer influence
lowered risk-taking behaviour beyond that of peer absence in two of the three scenarios.
Therefore, our results demonstrate that peers can also have a protective effect against risk-
taking behaviour.

Only a limited number of studies have examined risk-taking under both positive and
negative peer influence (see Tomova & Pessoa, 2018). Most of the comparisons made
between positive and negative peer influence have examined the effects on driving
behaviours (e.g., Bingham et al., 2016; Cascio et al., 2015; Simons-Morton et al., 2014), with
either a risk-promoting or risk-averse peer. Our studies built on and extended Tomova and
Pessoa’s (2018) study by demonstrating that positive peer influence could also be observed in
other types of risk-taking. Tomova and Pessoa (2018) used the BART, whereas, we used
novel scenarios which covered a range of risks people may experience, in areas such as their
career, health, and recreational activities.

We showed that peers can reduce risk-taking behaviour if they provide positive peer
influence by discouraging risk-taking behaviour. Furthermore, as the presence of peers is

119



associated with greater risk-taking behaviour, present peers may be able to counter the
harmful effects of their presence by intervening and promoting safer choices. Therefore, it is
important researchers clarify what is meant by peer influence (present peers or peers who
provide a direct opinion), and distinguish whether the influence is positive (e.g., risk-averse
advice) or negative (e.g., risk-promoting). Additionally, it is important that the potential
harmful effects of present peers are more widely understood, as well as how to combat
harmful risk-taking by speaking-up. People should be encouraged to provide risk-averse
advice to prevent harmful risk-taking behaviour, such as delinquency, drink-driving, or

substance abuse.

Social Proximity of Peers

We were interested in whether closeness of the relationship was an important factor in
socially influenced risk-taking. Thus, Study 3.2 examined whether there were differences in
risk-taking under the influence of social contacts with varying degrees of closeness, by
combining elements of social and probability discounting. We found that discounting
systematically differed based on the closeness of the relationship, with people taking greater
risks for those they were closer to, and fewer risks for those they were less close to. We
observed an interaction effect between closeness and probability (likelihood of receiving a
fine), which showed when the risk of the fine was lower and requests came from a closer
social contact, participants were more inclined to take risks, but when the risk of the fine was
higher and requests came from a more distant social contact, they were less likely to take
risks.

Our results were consistent with those of Foreman et al. (2019) and Strickland et al.
(2022) who found risk-taking differed by social proximity. People were more influenced by
those closest to them, suggesting that people take risks based on the closeness of the
relationship they have with the peer, rather than the type of relationship. Therefore, the wider
social network of contacts, including close friends and family should be considered when
aiming to reduce an individual’s harmful risk-taking behaviour. Furthermore, in a pandemic,
it may be useful to emphasise the risks of transmission of a virus between friends and family,
rather than strangers in public-health messaging. The results of these studies together
illustrate that people are influenced by others, not just friends, and people are more
influenced by those with whom they have a closer relationship. The degree of closeness

affects the degree of influence of that person within the social environment.
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Age

We also examined the effects of age on decision-making within our programme of
research. Overall, findings from four of the five studies showed younger people exhibit
greater risk-taking, at least in some conditions. The four studies that showed a relationship
between age and discounting were Studies 1, 2.1, 2.2, and 3.2. In Study 1, the relationship
between age and delay discounting depended on the measure of discounting behaviour. There
was a weak relationship between age and AUC values, showing young people exhibited more
impulsive behaviour, however no relationship was observed between age and discount rates
calculated by Rachlin’s (2006) equation. In Study 2.1 (comparing peer absence, peer
presence, and negative peer influence), younger age was associated with greater risk-taking
across conditions for the food scenario, but the relationship between age and risk-taking was
not significant for the other two scenarios. In Study 2.2 (where positive peer influence was
included), younger age was associated with greater risk-taking in the majority of conditions
and scenarios. The results of Study 3.2 (comparing social influence by closeness) showed
younger age was associated with greater risk-taking for closer contacts (e.g., social contacts
#1 and #10) across the scenarios, but not more distant social contacts.

Study 3.1 (comparing social influence across relationship type) showed there was no
relationship between age and risk-taking. Further to not observing a consistent relationship
between age and delay-discounting behaviour, in Study 1, we also examined the relationship
between age and self-reported measures of impulsivity and sensation-seeking and found that
age was not correlated with scores on the BIS-11 or BSSS, which is also inconsistent with
prior research (e.g., Forrest et al., 2019; Roth et al., 2005; Steinberg et al., 2008; Steinberg et
al., 2018). However, low variation in age of the participants within the sample may have
reduced the correlation coefficient between variables. As previous research has indicated that
adolescents are more impulsive than adults (e.g., de Water et al., 2014; Green et al., 1994;
Steinberg et al., 2009), perhaps the relationship between age and discounting was inconsistent
across measures as participants in our sample were mostly over 18 years old, limiting the
range of ages within the study’s sample.

Although we observed no relationship between age and impulsivity, we did observe a
relationship between age and risk-taking in the studies examining the differences between
peer presence and peer influence (Studies 2.1 and 2.2), and social closeness (Study 3.2). In
Studies 2.1 and 2.2, risk-taking was compared under different peer conditions (peer absence,
peer presence, negative peer influence, and positive peer influence), and in Studies 3.1 and
3.2, all hypothetical risks were taken under the influence of others. Therefore, it is difficult to
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compare the findings of these conditions with those from previous literature, as there is
limited research on age differences in risk-taking under the influence of others.

Examining the relationship between age and discounting in the absence of peers, the
results of Study 2.1 showed that younger participants had higher discount rates in the food
scenario. There was no relationship between age and discounting for the peer-absent
conditions of the meeting and car scenarios. As the findings were inconsistent across the
scenarios in Study 2.1, our results were mostly inconsistent with the previous literature
indicating younger participants take more risks (de Water et al., 2014; Green et al., 1994;
Steinberg et al., 2009). In Study 2.2, discounting in the peer-absent condition was correlated
with age for all scenarios, again showing younger participants discounted more steeply,
therefore exhibiting greater risk-taking. In Study 2.2, the relationship between the discount
rate and age was weaker for peer absence, compared to those in the peer-presence, or positive
or negative peer-influence conditions. This finding provides support for age being a
contributing factor on the effect of peers on risk-taking, as stronger relationships between age
and risk-taking in the peer conditions (peer presence, negative peer influence, and positive
peer influence) may mean that younger people are more susceptible to the effects of peers on
risk-taking. These findings are consistent with the findings of Gardner and Steinberg (2005),
who examined the effects of peer influence on a risk-taking task across adolescents, youths,
and adults. They found that adults (24 and over) were less susceptible to peer influence than
adolescents (aged 13-16) and youths (aged 18-22; Gardner & Steinberg, 2005). Young people
are more sensitive to outcomes and social consequences, and therefore have a greater
likelihood of taking risks compared to adults (Gardner & Steinberg, 2005; Shulman et al.,
2016; Steinberg & Calkins, 2010; Steinberg & Monahan, 2007).

Studies have shown that older people generally take fewer risks (Defoe et al., 2015;
Defoe et al., 2019; Gardner & Steinberg, 2005; Mamerow et al., 2016; Reyna & Farley,
2006). Thus, a surprising finding was that in the medical scenario of Study 3.1, for the parent
condition, older participants exhibited greater risk-taking. We theorise that this incongruent
finding could be related to the scenario. The scenarios used were based around a viral
outbreak, and in the medical scenario and condition, the parent was injured and needed their
child to break the lockdown and take them to the medical centre. We overall saw greater risk-
taking in the medical scenario compared to the visit or garden scenarios, a finding that may
be attributed to higher perceived social consequences; either positive if they do take the risk,
or a more severe social consequence if they turn down the request for help. One reason that
older people took greater risks in the parent condition could be that their parents are likely to
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be older, and perhaps the injury was perceived as more serious, or to have more significant
detrimental effects to health and wellbeing. Although, we did specify that the parents age was
under 60 years, to try to eliminate individual differences in responding to this scenario, we
considered if participants still contemplated the age of their parents in the hypothetical
scenario. Therefore, as this finding differs to previous research, we question whether the
relationship between risk-taking does not decrease with age, or if it does, only under certain

circumstances.

Gender

Men report higher levels of impulsivity than women, and are over-represented in
statistics for impulsive behaviour such as delinquency, reckless driving, aggression, and
substance use (Bener, 2013; Burton et al., 2007; Chen & Jacobson, 2012; Cross, 2010; Cross
et al., 2011; Harris et al., 2006; Stoltenberg et al., 2008). Therefore, we expected to find
gender differences in impulsivity, risk-taking, and sensation-seeking between men and
women. We found risk-taking was more similar between men and women, than different, and
S0 too was susceptibility to the influence of others. Overall, across the five studies, we only
found gender differences in two studies.

In the two studies that did show differences in risk-taking between men and women,
the differences were not consistent across the scenarios or conditions. In Study 2.2 (where
positive peer influence was included), there was a difference in the discount rates of the
negative peer-influence condition in just one of the three scenarios. In Study 3.2 (closeness),
we found men took more risks for one scenario type (birthday), but not the other two. Even in
these two studies, men did not consistently show higher rates of risk-taking compared to
women. We found no gender differences in Study 1 (using delay discounting) in discounting
behaviour, BSSS total scores, or BIS-11 total scores. We also found no gender differences in
Studies 2.1 (comparing peer absence, peer presence and negative peer influence) and 3.1
(comparing social influence across relationship type).

Previous studies examining gender differences in impulsivity have been contradictory
(see Cross et al., 2011). Our findings from Study 1 were consistent with past literature that
found no differences in men and women on the delay-discounting task (Cross et al., 2011,
Reynolds et al., 2004; Weafer & de Wit, 2014). Furthermore, the findings from the self-report
measures were consistent with previous literature that found no gender differences on the
BIS-11 (J. H. Patton et al., 1995; Reynolds et al., 2006; Vasconcelos et al., 2014), however,
these findings are inconsistent with those of Cross et al. (2011), Rosenblitt et al. (2001), and
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Stoltenberg et al. (2008), who found higher scores for men for impulsivity and sensation-
seeking.

As most of our conditions across our studies involved the presence or influence of
peers, and we did not find that the discount rates of men and women differed, our results
suggest that men are no more susceptible to the influence of others compared to women. This
finding is also inconsistent with previous literature, which indicates that men are more
susceptible to peer influence (de Boer et al., 2016; Defoe et al., 2020). The difference
between our findings and those of de Boer et al. (2016) and Defoe et al. (2020), may be due
to differences in the ages of the samples and the scenarios used in our studies. McCoy et al.
(2017) reported that only half of the literature they reviewed showed gender differences in
susceptibility to peer influence. We consider whether young men are more susceptible to peer
influence than adult men, and whether, because our samples were adults, we did not observe
differences in susceptibility between men and women.

As risk-taking was more similar between men and women than different, our results
differ from previous literature that has found that men generally take more risks than women
(Bener, 2013; de Boer et al., 2016; Dohmen et al., 2011; Gardner & Steinberg, 2005). There
is some evidence to suggest that women discount hypothetical outcomes more steeply than
real outcomes (see Kirby & Marakovi¢, 1995; Weafer & de Wit, 2014), which may be a
factor in our studies, as we used hypothetical outcomes. Differences between gender in risk-
taking are perhaps also sensitive to the type of risk-taking measured (McCoy et al., 2017,
Morgenroth et al., 2017; Rolison & Shenton, 2020). In Studies 2.1 (comparing peer absence,
peer presence, and negative peer influence) and 2.2 (inclusion of positive peer influence), our
scenarios were based upon career, health, and recreation. In Studies 3.1 (relationship type)
and 3.2 (closeness), our scenarios were based on breaking lockdown in a viral outbreak
situation (similar to what people were experiencing with COVID-19), and potentially getting
a fine. Therefore, the hypothetical nature of the scenarios, or the content of the scenarios,

may explain why men and women discounted similarly in our studies.

Strengths and Weaknesses

Our studies are not without limitations. As previously mentioned, we had a small
sample size and men were under-represented in our sample in Study 1, so for subsequent
studies we recruited participants using mTurk. Although mTurk is an efficient way to access
a willing sample, there have been some concerns regarding using opt-in panels as people may
not meet certain eligibility criteria, users may be distracted or dishonest, or not be
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representative of the general population (Hays et al., 2015; Mellis & Bickel, 2020). However,
conventionally collected samples in applied psychology research are also unlikely to
represent the general population (see Walter et al., 2019). As we examined how different
social influences affected an individual’s discounting, and we did not compare the rates of
discounting under these conditions to discounting behaviour in the wider population, using an
opt-in panel such as mTurk was an appropriate for these studies. We were also reassured that
data from our studies followed typical discounting patterns, indicating as the likelihood to
receiving the fine increased, the likelihood of taking the risk decreased.

In Studies 3.1 and 3.2, we found that the rates of participants who did not discount
was higher than what is commonly seen in delay and probability discounting research (see K.
R. Smith et al., 2018). Common practice when analysing discounting data means researchers
either ignore non-systematic discounting data (e.g., data that does not show systematic
decreases over the changes in the discounting variable), or will apply criteria to identify non-
systematic discounting data and potentially remove these individuals from the dataset (K. R.
Smith et al., 2018). We applied a less conservative approach than applying Johnson and
Bickel (2008)’s algorithm, for identifying non-systematic discounters, and removing the
individuals from analyses. We retained all individuals with complete datasets in the analyses,
instead changing the k values to zero if the participant did not discount the outcome (see
methods), an approach used by Sargisson et al. (2021). A meta-analysis conducted by K. R.
Smith et al. (2018) found that almost 20% of data could be deemed as non-systematic by
using Johnson and Bickel (2008)’s algorithm. However, the percentage of non-systematic
discounters in a sample may vary on sample characteristics, such as how and where from the
sample was obtained (Neff & Macaskill, 2021). Although identifying non-systematic data is a
common practice, the process for dealing with non-systematic data is inconsistent across
researchers (K. R. Smith et al., 2018). Furrebge (2020) examined those who did not discount
across two discounting tasks, one for gains and one for losses, and found that rates of
discounting were inconsistent across the tasks; some participants who discounted gains, did
not discount for losses which indicated that not discounting is a valid response, and that the
person is making a conscious choice not to discount under certain circumstances. In our
scenarios, we considered choosing not to discount was a valid response. Participants may not
want to take the risk, regardless of the likelihood of receiving the fine, or considered other
unspecified outcomes such as disease risk, hence we chose to include data from participants

who did not discount in our analyses.
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Additionally, we used hypothetical scenarios and outcomes, as it would have been
unethical to expose participations to harmful outcomes. Previous studies have shown that
participants make decisions under hypothetical conditions that are similar to those made for
real outcomes (Horn & Freund, 2021; Kihberger et al., 2002; Locey et al., 2011; Madden et
al., 2003; Robertson & Rasmussen, 2018). The use of hypothetical outcomes is becoming
more popular for decision-making research, where real outcomes may be impractical or
unethical (e.g., Berry et al., 2017; Hardisty & Weber, 2009; Kaplan et al., 2014; Sargisson &
Schoner, 2020; Weatherly & Ruthig, 2013). As the main aim of these studies was to examine
the effect of peers on decision-making, the use of hypothetical scenarios allowed us to
describe a hypothetical social environment for decision-making to occur within. The
consistency between the findings from Studies 2.1 and 2.2, between the three common
conditions (peer absence, peer presence, and negative peer influence), provide support for the
reliability of our data.

The use of hypothetical scenarios was also a strength of our research, as the scenarios
portrayed real risk-taking experiences that participants may face. Bran and Vaidis (2020)
provides a good summary into how risk-taking should be measured in research. Risk-taking
measures should be realistic, to capture a more accurate view of projected behaviour in
hypothetical choice (Bran & Vaidis, 2020). They also state that the subjectivity of risk-taking
should be accounted for in the measurement of risk-taking (Bran & Vaidis, 2020). Across our
three scenarios, although the subject matter differed, the scenarios could result in a
considerable loss for all our participants. Furthermore, no amount of skill or experience
would provide an advantage for making the decision within the scenarios. These two aspects
of the scenarios limited the subjectivity of the risk-taking between participants. Our scenarios
also measured both active and passive risk-taking, where inaction leads to a riskier choice
than action (Bran & Vaidis, 2020). Active risk-taking is more commonly researched than
passive risk-taking, as participants are often report either past behaviour, or projected future
behaviour in the form of an action (Bran & Vaidis, 2020). For two of the three scenarios
(food and car) described in Studies 2.1 and 2.2, the description of the scenario implied that
the participant was in a risky situation (having a pizza they were intolerant to and having
passed the last gas/petrol station on-route to the concert), and their inaction leaves them
vulnerable to the consequences. As many risk-taking measures do not include passive risk-

taking, the inclusion of these scenarios was a strength of our research.
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Directions for Future Research

The results of Studies 2.1 and 2.2 indicated that the presence of friends affected risk-
taking behaviour, therefore, research could be extended by examining whether the presence
of other contacts (non-friends) also increase risk-taking. Furthermore, the combination of
social and probabilistic discounting methods (Study 3.2) may have wider application in risk-
taking for scenarios where social influence is likely to occur, such as risky driving or
substance use. In addition, the combination could be used to explore climate-change related
decisions based on relationships with current and future family members. Therefore, we
suggest future researchers explore whether the finding that people are more influenced by
others with whom they have a closer relationship can be generalised to other behaviours. In
addition, as the scope of Study 3.2 was limited to negative influence (due to the scenarios),
future research also should investigate whether people are more positively influenced by

those with whom they have a closer relationship.

Implications for Future Research

The evidence provided from these studies suggest that peer influence needs to be
clearly defined in future research. As the effect of peers differs depending on whether the
peers are simply present, or provide a risk-promoting or risk-averse opinion, it is important
that a clear distinction is made. Furthermore, it should be established that “influence” is not

just influence from friends, but more generally “others.”

Implications for Risk-taking

As the definition of peers is extended, so should the focus of risk-mitigation
strategies. Risk-taking was increased under the influence of partners and parents, so sources
of influence that extend beyond friendship should be considered when aiming to reduce
harmful risk-taking behaviour in adult populations. Additionally, strategies to reduce harmful
risk-taking should incorporate ways to counter passive influence from present others.

The results of these studies collectively lend themselves to understanding how risk-
averse social norms may help reduce risk-taking behaviour. Prior research states social norms
are more likely to be followed if they are endorsed by a close social contact (Bellato, 2020;
Bicchieri et al., 2022; Brechwald & Prinstein, 2011; Tuncgeng et al., 2021; van Bavel et al.,
2020), and the results of Study 3.2 showed that risk-taking was greater for those closer social
contacts. Therefore, the findings suggest that if the social contact was promoting safer

behaviour (such as the positive peer-influence condition described in Study 2.2), risk-averse
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social contacts may lower risk-taking behaviour beyond baseline (peer absence) rates. Thus it
could be useful to encourage present others to promote safer choices, to counter the increased

likelihood of risk-taking in their presence or in their absence.

Conclusion

We examined the effects of three factors on decision-making: peers, age, and gender.
Our findings illustrate that peers influence risk-taking behaviour, while the effects of age and
gender differed across studies. Across the studies presented in this thesis, our findings
provided little support that risk-taking was related to age, however, it is possible that younger
participants are more affected by the presence and influence of friends. Across our studies,
we also found there were more similarities, not differences, in risk-taking between men and
women.

These studies increased our understanding of the similarities and differences between
peer presence and peer influence. Both peer presence and negative peer influence increased
risk-taking, but risk-taking was greater when peers provided direct risk-promoting influence.
As risk-promoting peers led to riskier choices being made, peers who provided a risk-averse
opinion led to fewer risks, far more than when decisions were made in the absence of peers.
Most importantly, peers are broader than just friends; peers also include family and close
relations. People are more influenced by people with whom they have a closer relationship.
Taken together these findings illustrate that the social environment provides important

context that underpins the likelihood of risky choices in decision-making.
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Appendix A
Supplementary Tables Study 2.1

Table A.1
Median k Values for Men and Women in Study 2.1

Men Women

Peer Absence 0.12 0.21

Meeting Peer Presence 0.24 0.28
Negative Influence 0.32 0.45

Peer Absence 0.12 0.20

Food Peer Presence 0.12 0.21
Negative Influence 0.20 0.24

Peer Absence 0.05 0.08

Car Peer Presence 0.06 0.10

Negative Influence 0.12 0.15

Table A.2
Mann-Whitney U Analyses Comparing Risk-Taking Between Men and Women for Study 2.1

Meeting
Peer Peer Negative
Absence Presence Influence
Z -0.91 -0.34 -1.81
Sig. .36 74 .07
N 320 323 323
r -0.05 -0.02 -0.10
Food
Z -0.83 -0.9 -0.14
Sig. 41 37 .89
N 321 325 322
r -0.05 -0.05 -0.01
Car
Z -0.99 -0.72 -0.32
Sig. .32 47 75
N 320 320 319
r -0.06 -0.04 -0.02
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Table A.3

Spearman’s rho Correlation Coefficients Between Age and k Values for Study 2.1

Correlation Si
Coefficient 9
N
(rs) (2-
° tailed)

Absent -0.00 97 321
Meeting Present -0.01 87 324
Negative -0.01 .80 324
Absent -0.13 .01 322
Food Present -0.09 .10 326
Negative -0.14 01 323
Absent -0.05 40 321
Car Present -0.04 49 321
Negative -0.01 92 320
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Appendix B
Supplementary Tables Study 2.2

Table B.1
Median k Values for Men and Women in Study 2.2

Men Women

Peer Absence 0.12 0.23
) Peer Presence 0.20 0.35
Meeting .
Negative Influence 0.27 0.46
Positive Influence 0.08 0.16
Peer Absence 0.08 0.21
Peer Presence 0.10 0.23
Food .
Negative Influence 0.10 0.34
Positive Influence 0.04 0.14
Peer Absence 0.11 0.09
Peer Presence 0.09 0.12
Car .
Negative Influence 0.12 0.25
Positive Influence 0.04 0.05
Table B.2

Mann-Whitney U Analyses Comparing Risk-Taking Between Men and Women for Study 2.2

Meeting
Peer Peer Negative  Positive
Absence Presence Influence influence
Z -0.93 -1.58 -1.46 -1.34
Sig. 35 11 14 18
N 390 391 389 391
r -0.05 -0.08 -0.07 -0.07
Food
Z -1.48 -1.60 -2.46 -1.86
Sig. 14 A1 .01 .06
N 383 388 386 388
r -0.08 -0.08 -0.12 -0.09
Car
Z -1.01 -0.14 -0.61 -0.99
Sig. 31 .89 .54 .32
N 385 389 385 384
r -0.05 -0.01 -0.03 -0.05
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Table B.3
Median s Values by Scenario and Condition for Study 2.2

Negative  Positive

Absent Present
Influence Influence

Meeting 0.66 0.65 0.67 0.63
Food 0.63 0.58 0.63 0.52
Car 0.73 0.75 0.76 0.61
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Appendix C
Supplementary Tables Study 3.1

Table C.1
Median s Values by Scenario and Condition for Study 3.1

Friend Parent Partner
Visit 0.00 0.09 0.24
Garden 0.05 0.19 0.22
Medical 0.18 0.06 0.15

Table C.2
Wilcoxon Signed-Rank Post-Hoc Analyses of s Values for Study 3.1

Friend
Visit - Visit-  Garden -
Garden  Medical Medical
Z -1.78 -0.02 -0.97
Sig. .08 .99 .33
N 226 229 225
r -0.12 0.00 -0.06
Parent
Z -0.99 -2.02 -3.09
Sig. .32 .04 .002
N 230 225 230
r -0.07 -0.13 -0.20
Partner
Z -0.68 -3.35 -2.91
Sig. .50 .001 .004
N 229 228 225
r -0.04 -0.22 -0.19

Note. Bonferroni correction applied resulting in a critical p value of p <.017.
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Appendix D
Supplementary Tables Study 3.2

Table D.1
Median k Values Across Probability

95% 90% 50% 30% 10% 5%

Birthday 0.00 0.00 0.00 0.03 0.04 0.03
Garden 0.00 0.00 0.07 0.12 0.05 0.01
Medical 0.01 0.01 0.01 0.01 0.00 0.00

Table D.2
Median s Values by Scenario and Condition for Study 3.2

#1 #10 #25 #50 #100
Birthday  0.28 0.08 -0.01 -0.01 -0.01
Garden 0.35 0.39 0.21 0.00 -0.01
Medical 0.02 0.41 0.36 0.28 0.02
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Table D.3
Wilcoxon Signed-Rank Post-Hoc Analyses of s Values for Study 3.2

#1

Garden - Medical - Medical -
Birthday Birthday Garden

z -0.15 -3.67 -3.46
Sig. .88 <.001 <.001
N 222 222 224
r -0.01 -0.25 -0.23
#10
z -4.21 -3.2 0.7
Sig.  <.001 001 48
N 225 217 217
r -0.28 -0.22 -0.05
#25
z 2,74 3.1 -0.24
Sig.  .006 002 81
N 226 219 218
r -0.18 -0.21 -0.02
#50
z -3.36 -4.86 -0.81
Sig.  <.001 <.001 42
N 226 218 216
r -0.22 -0.33 -0.05
#100
z 2.2 -4.86 2.5
Sig.  0.28 <.001 012
N 223 216 211
r -0.15 -0.33 -0.17

Note. Bonferroni correction applied resulting in a critical p value of p < .017.
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Table D.4
Median k Values for Men and Women in Study 3.2

Men Women

#1 0.15 0.00
#10 0.05 0.00
Birthday #25 0.00 0.00
#50 0.00 0.00
#100 0.00 0.00
#1 0.10 0.03
#10 0.12 0.03
Garden  #25 0.03 0.01
#50 0.01 0.00
#100 0.00 0.00
#1 0.00 0.00
#10 0.39 0.46
Medical #25 0.18 0.15
#50 0.07 0.06
#100 0.00 0.00
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