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Abstract: This paper examines the effect of chronotype on the delinquent credit card payments and
stock market participation through preference channels. Using an online survey of 455 individuals
who have been working for 3 to 8 years in companies in mainland China, the results reveal that
morningness is negatively associated with delinquent credit card payments. Morningness also
indirectly predicts delinquent credit card payments through time preference, but this relationship only
exists when individuals’ monthly income is at a low and average level. On the other hand, financial
risk preference accounts for the effect of morningness on stock market participation. Consequently, an
additional finding is that morningness is positively associated with financial risk preference, which
contradicts previous findings in the literature. Finally, based on the empirical evidence, we discuss
the plausible mechanisms that may drive these relationships and the implications for theory and
practice. The current study contributes to the literature by examining the links between circadian
typology and particular financial behaviour of experienced workers.
Keywords: chronotype; risk preference; time preference; credit debt; stock market participation

1. Introduction
Circadian rhythm is a time-based oscillation in physiological and biological functions that reflect
a cycle of approximately 24 h. For humans and animals, the inner biological clock, which is situated
in the suprachiasmatic nuclei of the hypothalamus, regulates this rhythm [1]. Sequentially, the
hypothalamus secretes melatonin [2]. There is board individual heterogeneity in circadian rhythms,
which can be identified by biological markers, such as sleep-wake patterns [3], body temperature [4,5],
and genes [6]. The sleep-wake cycle can be measured as circadian chronotypes, also known as
morningness-eveningness, which are distributed normally on a continuum [7], allowing for the
categorization of individuals into three groups: morning chronotype, neither type, and evening
chronotype. Morning chronotype individuals, also known as “larks”, are more likely to wake up in the
early morning and to go asleep in the early evening as well. Evening chronotype individuals, also
known as “owls”, prefer to go to sleep late in the evening and to wake up later in the day [8].
For the last two decades, there has been increasing interest research into the effect of
morningness-eveningness on multiple facets of life. Studies have reported links between the circadian
chronotypes and work shifts [9], jet lag [10,11], cognitive efficiency [12], cognitive style [13], personality
traits [14], academic performance [1], mental disorders [15,16], and life habits [17]. Based on these
findings, we note that the circadian typologies influence psychological perspectives and behaviour,
but mainly in the aspects of work, education, and health. Very few researchers have examined the
association between morningness-eveningness and financial behaviour. The effect of the circadian
rhythm on financial well-being is important because financial well-being contributes positively to
general life satisfaction [18].
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The first goal of this study is to investigate whether the circadian typology influence financial
behaviour, especially delinquent credit card payments and stock market participation. First, revolving
credit borrowers who do not entirely pay off their loans after the monthly deadline or miss payments
have a larger amount of credit debt, as compared to those who pay off such loan on time. From a
financial perspective, delinquent credit card payments are not of benefit to long-term financial health
because adopting the habit of making loan payment late leads to accumulated outstanding debt [19].
Such consumers are more likely to have incomplete credit card debts, which in the short run leads to
higher interest rates, financial penalties, and higher outstanding balances [20]. Investigating the effect
of morningness-eveningness on delinquent credit card payments could provide practical implications,
such as interventions that prevent this behaviour or that help to break the habit of not paying back
loans according to monthly time schedule. Second, participation in the stock market is essentially
a financial decision [21], and it might be financially harmful if one refuses to take part in the stock
market over the long term. The reason is that equity premium can provide long-term benefits for
personal savings, which in turn influence personal financial well-being.
The second goal of the present study is to investigate the possible mechanisms through which
morningness-eveningness influences delinquent credit card payments and stock market participation.
We draw on the theories of risk preference and time preference, in order to provide a richer explanation
regarding the likely channels. The first reason is that morning-types are positively associated with
future time preference [22,23], while Meier and Sprenger [24] reported that present-biased individuals
tend to have higher revolving credit balances as compared with future-oriented individuals. Hence,
the time perspective appears to be a possible channel between the circadian typology and incomplete
monthly credit debt payments. The second reason is that morning larks are negatively associated with
risk attitudes [25], while risk preference is a predictor of the probability of participating in the stock
market [26]. Therefore, we anticipate risk preference would be a possible channel between chronotypes
and owning equity. In addition, income may moderate the indirect effects of the circadian typologies
on the likelihood of delinquent credit card payments and investments in stock because income is a
determinant of outstanding balances among credit card revolvers [19,27] and is associated with risk
preference [28].
We launched an online survey and received 455 valid questionnaires from employees who have
three to eight years of working experience. We used the Composite Scale of Morningness (CSM) [29] to
measure the circadian chronotypes, measured the time perspective by following Finke and Huston [30],
and drew on a single question to measure financial risk preference, as proposed by Dohmen et al. [26].
We used regression and path analysis to examine the hypothesized relationships and the results
revealed significant findings. First, the results indicate that morningness inhibits the likelihood of
conducting late payments or missing payments on credit card debt. Second, time preference partially
mediates the relationship between the morning chronotype and delinquent credit card payment,
but this indirect effect only exists when subjects’ income level is at average and low levels, for the
path from time preference to incomplete credit card payment. The present study is of help to put
forward the underlying mechanism and the conditions of the association between the circadian
typology and delinquent credit card payment. Furthermore, another novel finding is that financial risk
preference fully mediates the link between morningness and the probability of owning equity. Hence,
the current study helps to elucidate the unique channel and mechanism through which morning
type exert influence on stock market participation. Furthermore, as those characteristics have been
found in experienced workers, the results could be a valuable tool for financial professionals who
should consider circadian rhythms when developing and introducing financial products or financial
services for the morning-type, intermediate-type, and evening-type population. Future research could
enhance the study of the relationship between morningness-eveningness, preference constructs and
financial behaviour by using a wider population, such as adding an aging group, sampling from
different countries. In addition, longitudinal studies would be particularly powerful for testing the
proposed relationships.
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We organize the present paper as follows: In Section 4.2, we given a literature review to build up
the hypothesized frameworks to examine the relationship between circadian chronotypes, risk and
time preference, and financial behaviour. In Section 4.3, we describe sampling method, measurements
of data, descriptive statistics of data, and econometric models. In Section 4.4, we report the results.
Section 4.5 is discussion, which provides theoretical and practical implications, as well as some
limitations of our research. We conclude in Section 4.6.
2. Literature Review
2.1. Overview of Theoretical Rationale
In the context of personality psychology, circadian rhythm varies among individuals who can be
classified as morning-types, neither-types, and evening-types. In particular, morning larks wake up in
the early morning, achieve their peak performance physically and mentally in the early morning, and
go to bed early in the evening. In contrast to morning larks, evening owls prefer to wake up late in the
morning and go to bed late in the evening, and their peak performance is later in the day or in the
evening [31,32].
Researchers usually elicit circadian chronotypes by using self-reported survey questions [33].
The first and most commonly used measure is the Morningness-eveningness questionnaire (MEQ),
as proposed by Horne and Ostberg [8]. Nevertheless, MEQ has been criticized due to its length (19
items) [34]. Its value arranges from 20 to 75. Smith et al. [29] developed a short composite scale with
13 items (CSM). The authors classified the values on their morningness-eveningness scale into three
groups using the cut-off points, with morning types (40 and above), intermediate types (23–43), and
evening types (22 or fewer). More recently, Randler et al. [35] proposed a new measure with 15 items,
termed morningness–eveningness-stability-scale, improved (MESSi), and Faßl et al. [36] provided
the evidence to validate this scale. We will use the CSM scale for the Chinese population to measure
circadian chronotypes and to validate the Chinese version of CSM.
The determinants of circadian typologies are various, including demographics, environmental,
and biological and genetic factors [31,32]. First, age is a demographic factor that is positively associated
with a morning orientation after the end of adolescence [37,38]. Gender is another demographic factor;
males are more likely to be evening owls, while females appear to be more morning-oriented [39].
Second, the photoperiod at birth is an environmental factor that influences circadian chronotypes.
Individuals who were born in autumn and winter are prone to be morning-types, whereas those born
between spring and autumn are more likely to be evening owls [40]. Another environmental factor
is the longitude and latitude of residence. People who live in the East and North are more likely to
be morning larks [41]. Third, the biological expression of individual differences in circadian rhythms
reflects that the acrophase of melatonin for morning larks occurs in the early morning, as compared
to evening owls [42]. Genetic factors also explain the variance in individual circadian rhythms, as a
single nucleotide polymorphism positioned at the 3’ flanking area of humans’ CLOCK gene can be an
interpreter of morning orientation for ordinal grownups [43].
Circadian typology has been documented as a key individual characteristic in life, which
influences cognitive performance, work performance [44], and psychological well-being [45].
Prior research reported that the cognitive performance of morning-types is lower than that of
evening-types [46]. However, evening owls are better at intermediate memory [47]. Circadian
typology is also associated with psychiatric disorders, personality traits [14,31], work shifts [48],
and life habits [17,49]. Therefore, previous studies have explored the effects of circadian rhythms on
behaviour in the contexts of education, work, and health. However, to the best of our knowledge, very
few studies have examined the effect of circadian rhythms on financial behaviour, such as revolving
credit balance and stock market participation.
A credit card is a tool for convenient payment [50]. Credit card holder who do not pay off
the entire loan before the monthly deadline or who miss the payments have higher amounts of
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credit card debt when compared with those who pay off in time. Kim and DeVaney [19] highlighted
that poor loan payment habits drive the accumulation of outstanding debt. Hence, consumers who
have such habits are more likely to have delinquent credit card payment, which in the short-run
leads to higher interest rates, financial penalties, and higher outstanding balances [20], and in the
long-run, harms consumers’ financial well-being. If circadian rhythms can predict the possibility of
having delinquent credit card debt, a better understanding of this characteristic may help to improve
borrowing behaviour and creditworthiness, which in turn contribute to a better financial situation. For
example, if evening-types are positively associated with the possibility of having a revolving credit
balance, shifting into morning circadian rhythm could be a helpful intervention, as morning larks are
more conscientious and proactive about achieving long-term goals.
Stock market participation is an important financial decision [21]. It can be costly for individuals
who do not invest in stocks because the stock premium can be a key predictor of the long-term
benefits for personal savings, which in turn determine the status of personal financial well-being.
Prior research has proposed a number of external and internal factors, which predict the likelihood
to invest in stock, such as social interaction [51], awareness [52], financial literacy [53], IQ [54],
health [55,56], gender [21], and access to Internet [57]. Given the evidence that circadian rhythm
are driven by biological and genetic factors and that they remain stable over time [1], we examine
whether morningness-eveningness influences the willingness to participate in the stock market.
Since these behaviours are financially meaningful, investigating the effect of circadian rhythms
on these financial behaviours is our research goal.
2.2. Conceptual Model and Hypotheses Development
2.2.1. Morning Larks and Delinquent Credit Card Payments (H1)
The first goal of the present paper is to explore the relationship between morning-types and
revolving credit card debt. In the literature, Randler [33] reported that morning larks are prone to be
more proactive than evening owls, which provides an inspiring starting point. In particular, proactivity
is the willingness and capability to alter a situation to make it in one’s favour [58], and it can be
influential in a wide range of circumstances. For example, a proactive personality connects to job
autonomy through self-efficacy [59]; proactive individuals attain more success in careers, earnings [60],
and studying performance [61].
Although few studies have examined the role of the circadian chronotypes in revolving credit card
debt, by integrating the role of proactivity, it is reasonable to anticipate the negative association. On the
one hand, morning-types are more proactive than evening-types, and on the other hand, proactivity
describes the extent of which individuals anticipate, and minimize the negative influence of possible
future problems, avoiding them completely if possible [62,63]. At the same time, unpaid balances on
credit cards represents such a negative potential problem that will increase consumers’ interest rates
if they do not pay off their monthly balances on time [64]. Therefore, we expect that morning larks
are much less likely to be unable to pay off their monthly credit card balance entirely. Accordingly,
we propose:
Hypothesis 1. Morning-types are negatively associated with delinquent credit card payments. Specifically,
compared to intermediate- and evening-types, morning larks are less likely to have unpaid credit card debt.
2.2.2. The Mediating Role of Time Preferences (H2)
To provide a richer explanation for morning chronotype’s influence on delinquent credit card
payments, we use theories of time perspective (i.e., future-oriented or present-biased). An individual’s
conception of time helps them to organize each life event in a methodical and anticipated rhythm [65].
According to the neurological explanation, decisions that are expected to result in a future award in
the region of the rational prefrontal cortex, whereas decisions that are expected to result in a present
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award occur in the emotional limbic region in the brain [66]. Present-oriented individuals appear to
seek immediate gratification at the cost of future utility. In contrast, future-oriented individuals are
more likely to delay gratification in order to achieve long-run goals [67].
Prior studies have reported a relationship between circadian rhythms and time perspectives.
In particular, morning-types are positively associated with future time preference [22,23,65] and the
processing channel is self-control [65], as more self-control results in reasonable decisions to delay
gratification and to concentrate on achieving future goals. On the other hand, previous research has
also suggested a link between time preference and credit card debt. Meier and Sprenger [24] reported
that present-discounting individuals have higher amount of revolving credit balances, as compared
with future-oriented individuals. Their results are also robust when changing the method of calculating
the time perspective and the sample selection criteria. Therefore, to examine whether time discounting
explains the association between morning-types and delinquent credit card payments, we propose:
Hypothesis 2. Time preference mediates the relationship between morning-types and delinquent credit
card payments.
2.2.3. The Moderating Role of Monthly Income in a Second-Stage Moderated Mediation Model (H3
and H4)
We have proposed that morningness influences the likelihood of delinquent credit card payment
through time discounting, and we anticipate the strength of this mediating effect to vary according to
the level of income in the path from time preference to delinquent credit card payments.
The life-cycle model assumes that consumers will maximize the utility from lifetime
consumption [68], and Bryant [69] proposed that borrowing is intended to change future resources
into present resources with the purpose of increasing present consumption. Income is one determinant
of outstanding credit card balances [19,27]. These researchers reported that income is positively
associated with the amount of outstanding credit card debt because the purpose of borrowing is to
satisfy individuals’ consumption demand throughout their lifetime. Therefore, in contrast to high
income individuals, low and average income individuals are less likely to hold revolving credit card
debt because they might be worried about the amount of such debt, which will add to their financial
burden due to compounding interest rates [19]. In addition, low- and average-income people would
care about their personal credit over the long term. Therefore, to maintain a good level of personal
credit (i.e., changeable utility from future resources into present resources), future-oriented individuals
whose income is at low and average levels, are less likely to have delinquent credit card payments when
compared with their counterparts. Accordingly, we predict that income moderates the relationship
between time perspectives and the probability of delinquent credit card debt and in turn moderates the
indirect effect of morning orientation on delinquent credit card payments through the time perspective:
Hypothesis 3. Income moderates the relationship between time preference and delinquent credit card payments.
Hypothesis 4. The indirect effect of morning-types on delinquent credit card payments through the time
perspective, is moderated by income, such that the indirect effect exists for those whose income is at low and
average levels.
2.2.4. Morning Larks and Owning Equity (H5)
The second goal of the present paper is to investigate the relationship between morning-types
and the likelihood of owning hold stock. Prior studies have documented the determinants of stock
market participation. They include wealth [70], education [71], background income risk [72,73],
physical health [55], mental health [56], financial literacy [53], trust [74], and cultural and social
interactions [51,75]. More recently, Rao et al. [76] reported that happiness is positively associated with
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investments in stock, whereas Biss and Hasher [77] reported that both younger and older people who
are morning larks have higher levels of happiness. Therefore, we propose, as follows:
Hypothesis 5. Morning-types are positively associated with investments in stock. In particular, compared with
intermediate- and evening-types, morning larks are more likely to participate in the stock market.

2.2.5. The Mediating Role of Financial Risk Preference (H6)
To provide a richer explanation of why morningness influences investments in stock, we use
theories of financial risk preferences. On the one hand, previous research reported that morning larks
are less likely to engage in financial risk behaviour and are negatively associated with risk attitudes [25].
These researchers argued that self-control is the underling mechanism, as self-control is able to inhabit
impulsivity, which contributes to risky behaviour. Morningness-types tend to be less impulsive. Guven
and Hoxha [78] supported this argument as well. Accordingly, it is reasonable to expect that morning
larks have a lower level of financial risk preference as compared with evening owls. On the other
hand, another stream of literature advocated the opposite, such that happiness is positively associated
with risk attitude. Anderson and Galinsky [79] documented that optimism increases individuals’ risk
preferences, as optimistic people’ cognitive appraisals engender high certainty and a higher probability
of positive outcomes. Depressed-mood people are more risk averse when compared with neutral and
positive-mood individuals [80]. Although the prior literature has provided contradictory arguments
regarding the relationship between positive moods and risk preference, given the evidence in the
literature about the association between the morning chronotype and risk attitude, and that risk
preference as a predictor of participation in the stock market [26], we propose the following hypothesis:
Hypothesis 6. Financial risk preference mediates the relationship between morning-types and stock
market participation.
2.2.6. The Moderating Role of Monthly Income in a First-Stage Moderated Mediation Model (H7 and H8)
We have proposed that morningness influences the likelihood of investment in stock through
financial risk preference, and we anticipate the strength of this mediating effect to vary according the
level of income in the path from morningness to financial risk preference. Income is a determinant
of individuals’ general risk attitude and financial risk attitude [26]. These researchers reported that
wealthier people are more willing to take risk. Tanaka et al. [28] also argued that income is associated
with risk preference. Therefore, the effect of morningness on financial risk preference is stronger in the
group of people who have average- and high-income levels. Accordingly, we propose, as follows:
Hypothesis 7. Income moderates the relationship between morning-types and financial risk preference.
Hypothesis 8. The indirect effect of morning-types on investments in stock through financial risk preference is
moderated by income, such that an indirect effect exist for those whose income is at average and high levels.
To summarize, we illustrate the conceptual models in Figures 1 and 2.

Hypothesis 7. Income moderates the relationship between morning-types and financial risk preference.
Hypothesis 8. The indirect effect of morning-types on investments in stock through financial risk preference
is moderated by income, such that an indirect effect exist for those whose income is at average and high levels.
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The Ethics and Research Governance group at the authors’ institution approved this study. All
of the subjects were given informed consent and they were willing to joining the survey.
Totally, Wjx distributed the survey to 4472 panelists who fit the eligibility criteria in their panel,
and 582 full-time employees in China with three to eight years of working experience completed the
survey. Because we enabled a force response setting in the survey, there are no missing values. We
also enabled attention checks to identify irresponsible participants, which helped to automatically
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In addition, we draw the reader’s attention to the four observations from overseas. We do not
deny the possibility that these respondents had travelled to or temporarily visited overseas countries
when they submitted the questionnaires.
Internet-mediated surveys have the advantages of being a cheaper and faster way to collect data
and reducing social desirability bias [87,88]. However, Couper [89] reported that there are challenges
for inferential studies using this mode for surveys, such as non-response bias (i.e., low response rate)
and coverage bias (i.e., offline population concerns [90]. The response rate is broadly deemed to be an
important sign of data quality [91]. Accordingly, in this paper, the response rate was 13.01% (582/4472),
which is low and quite similar to the likely response rate 11% mentioned by Saunders et al. [92] (p. 421).
Therefore, it raised concern about data quality [89,93].
Nevertheless, researchers should evaluate the merits of survey results and not depend solely
on the response rate [93], as a low response rate does not necessarily indicate non-response bias,
although it raises suspicion. A study with a low response rate that examines relationships should
not automatically be assumed to be problematic or less credible [94]. Potential non-response bias
derived from a low response rate is less of a concern in a relationship-oriented analysis than in a
distributional analysis and non-response bias can indicate discrepancies in survey items [94–96]. In
the literature, there is empirical evidence supporting the contention that there is little difference in
the results between low-response rate surveys and high-response-rate surveys, such as Smith [96],
Visser et al. [97], Curtin et al. [98], Keeter et al. [99]. More recently, Holbrook et al. [100] stated that the
low-response survey diminished demographic representativeness, but not that much.
Other concerns with using an online panel survey are coverage bias and self-selection bias. To
quantitatively examine these types of bias and determine how our sample might be different from the
target population, it is helpful to compare our sample data with the census data regarding Internet
penetration, education, age, and gender. First, the Chinese population as of 2017 is 1.4 billion [101], of
which approximately one billion can access Internet [102]. Therefore, Internet penetration in China
now is approximately 71.4%. In other words, approximately 28.6% of the population are non-Internet
user and are therefore not covered in the sample. Hence, the results would be possibly biased, as the
findings might only represent 71.4% of the entire population. In addition, regarding the education level
of the labour force, the median educational attainment in our sample is the undergraduate level, which
is higher than shown in census data, as only 36.5% of the general population have experienced tertiary
education [103]. This is a disadvantage of an Internet-mediated survey, which tends to generate a
sample with higher educational attainment than the census data [104]. Therefore, we remain cautious
and acknowledge these limitations of using an online panel survey in this paper. Nevertheless, age,
income and the gender ratio of our sample quite closely match the labour force population in China.
First, the proportion of working females in our sample is 62%, and one study reported that 56.7%
of the workforce in China is female [105]. Second, as of 2017, China’s average per capita income
was 8480 US dollars (equivalent to 56,114 Yuan) [106], which is quite close to the median category of
monthly income in our sample of between 5000 and 7500 US dollars (equivalent to annual income
60,000 and 90,000 Yuan). Third, the average age of the labour force in China is 36 years old [107], which
is within the median group of our sample of between 30 and 44 years old.
3.2. Measures
Chronotype. The composite scale [29] (CSM) extracts 13 items from the Horne and Ostberg [8]
scale and the Torsvall and Akerstedt [34] scale. It is widely used to measure morningness-eveningness
and has multiple language versions, including French [108], Spanish [109], German [110], and
Thai [111]. Specifically, nine items from Hornes and Osberg [8] have Chinese versions in the
literature [112,113]; and thus, we directly used these items in the questionnaire. However, four
items are from the Torsvall and Akerstedt [34] scale (their items 1, 4, 6, and 7), which have not been
translated into Chinese in the literature. Therefore, we invited a Chinese native speaker who is
proficient in both English and Chinese to translate these four items in parallel to ensure the validity
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and conceptual correspondence for the Chinese circumstance. The CSM scale ranges from 13 (extreme
evening owl) to 65 (extreme morning larks). Furthermore, we tested the reliability of this measure in
the Chinese version using Cronbach’s alpha [114]. Hinton et al. [115] proposed four interval-based
categories to assess the reliability of a summative scale [116], which consist of excellent reliability
(0.90 and above), high reliability (0.70–0.90), moderate reliability (0.50–0.70), and low reliability (0.50
and below). The Cronbach’s alpha for the Chinese adaptation of the CSM was 0.879, indicating
that it is highly reliable, and this value is very close to that of the original English version of the
CSM [29; Cronbach’s alpha = 0.87]. Finally, we categorized the continuum of the CSM values into
three chronotypes, following Smith et al. [29]. We have 60 observations of morning-types (44 and
above), 384 observations of intermediate-types (23–43), and only six observations of evening-types
(22 and less). The three chronotype samples in our study are not evenly distributed. In particular, our
sample is represented by 13.18 percent, 84.62 percent, and 2.20 percent following the morningness,
intermediate, and eveningness classification, which indicates that the majority are intermediate type.
By comparison, we note that our sample distribution is similar to those by Lau et al. [117] and Wong
et al. [118] that also used the CSM scale. The distribution of their sample according to morningness,
intermediate and evening classification is 7.12 percent, 85.87 percentm, and 7.01 percent and 2.5 percent,
84.8 percent, and 12.7 percent, respectively. Consequently, we address the difference in distribution by
carrying out further tests using the adopted cut-off criteria proposed by Wong et al. [119], which is
eveningness, intermediate, and morningness at 22 and below, 23–40, and 41 and above, respectively.
Our robustness test reveal that the results are similar to those in Appendix B with the exception that
the circadian rhythm scale is replaced by the newly categorized morningness. All the remaining results
support the hypothesised relationships. Because of the very few observations of evening type, we
re-categorized the sample to generate one binary variable, where one indicates morning-type while
zero denotes non-morning-type.
Time preference. We use a combination of intertemporal behaviour to proxy time preference,
as proposed by Finke and Huston [30], who constructed a summative scale using eight items, each
representing one behaviour, with outcomes at different time points. The reason is to choose this
method is that Finke and Huston [30] showed that this additive index is a strong predictor for
measuring time discounting compared with traditional measurements in which respondents are asked
to choose between receiving a small amount of money right now or a larger amount of money in the
future. We also invited a native Chinese speaker who was proficient in both English and Chinese to
translate these questions. Participants sequentially answered seven of eight questions about wearing
a seatbelt when driving a car, smoking, drinking wine, using nutrition labels when shopping for
food, engaging in arduous physical exercise, unprotected sex behaviour, and choosing food for the
purpose of maintaining diet. Nevertheless, the last question was dropped, which asked whether the
respondent used drugs or any controlled substances. Because both the recreational and medical use of
marijuana or cannabis are banned and severely enforced throughout China [120], this question was not
appropriate. Respondents were asked to respond on a five-point Likert scale ranging from “never” to
“always”. For positive behaviour, such as wearing the seatbelt when driving a car, we coded 1 for those
who never wear the seatbelt and 5 for those who always wear it. In contrast, for negative behaviour,
such as consuming wine, we coded 1 for those drink wine almost every day and 5 for those who never
consume alcoholic drinks. Hence, this additive scale ranges from 7 to 35, where higher scores represent
individuals who emphasize future goal attainment and delay gratification. The Cronbach’s alpha for
this Chinese version time perspective scale was 0.573, indicating that it is moderately reliable.
Risk preference. We use one simple and behaviourally valid survey question to measure
risk attitudes in a financial context, following Dohmen et al. [26]. Although economists question
whether self-reported individual preference and traits are behaviourally meaningful due to incentive
compatibility, Dohmen et al. [26] reported that this measure maps onto actual monetary outcomes from
lottery choice experiments [121,122], which in turn give us confidence in using this survey question to
elicit risk attitudes. This question directly asks respondent to make a general assessment regarding
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their willingness to take financial risk: “How willing are you to take risks, in financial matters?”
Participants rate their financial risk attitude from 0 to 10. More importantly, this measure is empirically
valid in explaining individual differences in financial decision, such as investments in stock, in a large
representative survey. We also translated this question into Chinese, as we distributed this survey in
Mainland China.
Financial behaviour. We aim to investigate whether and how the circadian typologies may
influence individual’s credit behaviour, such as delinquent credit card payments. We asked the
respondents one simple question: “Please indicate below the option that best describes your payments
on credit cards.” Six exclusive options are available [123,124], including “I do not use credit cards for
payments” (0), “Always pays off monthly” (1), “Generally pays off monthly” (2), “Occasionally pays
off monthly” (3), “Seldom pays off, but tries to pay down” (4), and “Generally pays minimum each
month” (5). We deleted the observations, which selected “I do not use credit cards for payments” and
then recoded zero for respondents providing the answer “Always pays off monthly” and one for the
other answers. We also examine whether and how circadian rhythms affect individuals’ investment
behaviour, such as willingness to participate in the stock market. We asked one simple question: “Have
you ever invested in stock market?” Two options are provided. We scored one if respondents answer
“Yes” and score zero if respondents answer “No”. These questions were translated into Chinese when
distributing the surveys to the respondents.
Control variables. To reduce omitted variable bias when estimating the effect of morningnesseveningness on the preference constructs and in turn financial behaviour (i.e., revolving credit card
debt and investments in stock), we included demographic information in the survey. Specifically, the
survey included age, gender, marital status, education, and monthly income [21,24,53,122,125–129].
We measure age with a single question “What is your age?” Respondents were provided with three
options, “18 to 29 years old”, “30 to 44 years old”, and “45 to 54 years old”, which are marked from 1 to 3.
Male is dichotomously measured, where one indicates male and zero otherwise. Marital status is also a
binary variable, where one indicates married and zero otherwise. Educational attainment is an ordinal
variable that ranges from one to six, denoting “Lower than high school”, “High school”, “College”,
“Bachelor’s degree”, “Master’s degree”, and “Doctoral degree”, respectively. The measurement of
monthly income is a single question: “What is your monthly income?” Respondents were provided
with six options, consisting of “Less than 3000”, “3000 to 5000”, “5000 to 7500”, “7500 to 10,000”,
“10,000 to 20,000”, and “More than 2000”, which are marked from 1 to 6, respectively. The units are
RMB. We translated these questions into Chinese when distributing the surveys. To summarize, these
variables are possibly exogenous with respect to individual preferences and financial behaviour, and
can therefore, which is used to help interpret links in the regression estimates.
To view the original questions for these measurements, please see Appendix A.
3.3. Data Description
Table 1 reports descriptive statistics of the measured variables. The distribution of respondents in
the circadian typology groups was 60 in the morning type (13.19%) and 395 in the non-morning-type
(86.81%). The distribution of time preference scores (skewness = −0.522; Kurtosis = 4.043) and
financial risk preferences (skewness = −0.857; Kurtosis = 3.636) were both left-skewed; thus, the results
associated with these measures must be treated carefully. A total of 65.7% and 34.1% of the respondents
invest in the stock market and have the credit card debt, respectively. In addition, we have a relatively
gender-balanced sample (177 men and 278 women).
The Pearson’s correlation matrix of the variables is shown in Table 2. The correlation analysis
supported the majority of the proposed hypotheses. As expected, morning larks are prone to being
future-oriented (r = 0.262, p < 0.01) and are less likely to have unpaid credit card debt (r = −0.157,
p < 0.01). Second, morning-oriented people are more risk taking (r = 0.131, p < 0.01) and in turn are
more likely to invest in the stock market (r = 0.303, p < 0.01).
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Table 1. Descriptive statistics of the study’s variables.
Variables

Observations

Mean

SE

Min

Max

Morningness
Age
Male
Married
Education
Monthly income
Time preference
Financial risk preference
Stock market participation
Delinquent credit card payments

455
455
455
455
455
455
455
455
455
455

0.132
1.378
0.389
0.752
3.936
3.342
25.164
7.569
0.657
0.341

0.339
0.485
0.488
0.432
0.558
1.105
2.959
1.926
0.475
0.474

0
1
0
0
1
1
13
1
0
0

1
2
1
1
6
6
32
11
1
1

Table 2. Pearson’s correlation coefficients for key study variables.
1

2

Morningness
Age
Male
Married
Education
Monthly income

Variables

0.058
−0.058
0.014
0.033
0.067

−0.036
0.291 ***
0.032
0.152 ***

7. Time preference

0.262 ***

0.104 **

0.131 ***
0.104 **
−0.157 ***

0.002
0.048
0.004

1.
2.
3.
4.
5.
6.

8. Financial risk preference
9. Stock participation
10. Delinquent credit card payments

3

−0.105 **
0.010
0.112 **
−0.167
***
0.200 ***
0.159 ***
0.016

4

5

6

0.035
0.183 ***

0.354 ***

0.020

0.188 ***

0.037

0.088
0.110 **
0.038

0.042
0.175 ***
−0.043

0.240 ***
0.187 ***
0.050

7

8

9

0.080
0.025
−0.156 ***

0.303 ***
0.053

0.031

Note: ** and *** indicate significance at the 5% level (2-sided) and 1% level, respectively.

To test the level of collinearity, we calculated the variance inflation factors for the variables, and
they are all smaller than 2, suggesting that the level of collinearity is not problematic [130]. To further
examine the relationships between the key variables of interest, we use the independent group t-test
to examine mean difference on concerned variables between morning-types and non-morning-types.
Specifically, morning-types scored higher on time perspective (M = 27.150; SD = 0.345) than
non-morning-types (M = 24.863; SD = 0.145), t(453) = 5.771, p < 0.001, difference = 2.29) and they had a
higher level of financial risk taking (M = 8.217; SD = 0.257, vs. M = 7.471; SD = 0.096, t(453) = 2.816,
p < 0.001, difference = 0.746).
3.4. Econometrics Model
To test the direct effect of morningness on delinquent credit card payments (Hypothesis 1) and on
investments in stock (Hypothesis 5), we use a logistic regression model, since delinquent credit card
payments and investments in stock are dichotomously-measured dependent variables. Additionally,
logistic regression also has a number of advantages. First, neither the dependent nor the independent
variables have to be normally distributed. Similarly, logistic regression does not assume that the error
terms have to be in normal distribution. More importantly, it does not assume that the relationships
between the independent and dependent variables are linear.
We specify the following logistic models to test the relationship between morning-type and
delinquent credit card payments (Hypothesis 1):
K

Delinquent credit card paymenti = β 0 + β 1 Morningness + β 2 Time pre f erence +

∑ βk Xik + ei

(1)

k =5

where Xik is the set of control variables of individual i, including age, male, marital status, education,
and monthly income. ei is the error term.
The model specification to examine the link between morning-type and stock ownership is as
follows (Hypothesis 5):
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K

Owning stock i = β 0 + β 1 Morningness + β 2 Finanical risk pre f ernce +

∑ βk Xik + ei

(2)

k =5

where Xik is a vector of control variables of individual i, including age, male, marital status, education,
and monthly income. ei is the error term.
To test the moderating role of income on the link between time preference and delinquent credit
card debt (Hypothesis 3), we use a logistic regression model with an interaction item (Time pre f erence ×
Monthly income), as delinquent credit card debt is a dichotomous variable. The model specification is:
Delinquent credit card debti
= β 0 + β 1 Time pre f erece + β 2 Time pre f erence × Monthly income
K

(3)

+ β 3 Monthly income + ∑ β k Xik + ei
k =4

where Xik is a vector of control variables of individual i, including age, male, marital status, and
education. ei is the error term.
To test the moderating role of income on the link between morning type and financial risk
preference (Hypothesis 7), we use an ordinary least squares regression model with an interaction item
(Morning type × Monthly income). The model specification is:
Financial risk pre f erencei
= β 0 + β 1 Morning type + β 2 Morning type × Monthly income
K

(4)

+ β 3 Monthly income + ∑ β k Xik + ei
k =4

where Xik is a vector of control variables of individual i, including age, male, marital status, and
education. ei is the error term.
To test above hypotheses, we used Stata 15.1.
Next, we used path analysis to test whether time perspective mediates the relationship between
morning-type and delinquent credit card payments (Hypothesis 2) and whether financial risk attitude
mediates the link between morning-type and investments in stock (Hypothesis 6). To test these
mediation models, we used the PROCESS 2.16.3 macro [131] in SPSS 24.0 and conducted bootstrapping
with 5000 resampling to verify the statistical significance. Furthermore, we also used path analysis
within the PROCSS macro to investigate the moderating role of income on the indirect effect between
morningness and delinquent credit card payments through time preference, on the path from time
preference to delinquent credit card payments (Hypothesis 4). Similarly, we applied this method
to examine whether income affects the indirect effect of morningness on stock ownership through
financial risk preference on path from morningness to financial risk preference (Hypothesis 8).
4. Results
4.1. Direct Effect of Morning Chronotype on the Likelihood of Having Revolving Credit Card Debt (H1)
Table 3 reports the average marginal effect of morningness on delinquent credit card payments that
are based on the logistic regression. The independent variable is morningness, indicating the morning
type of circadian chronotypes. The results indicate that morning types are negatively associated
with delinquent credit card payments. In other words, when compared with the other chronotypes,
the percentage of having delinquent credit card payments for morningness people is 22.3% lower.
Although we control for age, male, marital status, education, monthly-income, and time preference,
only time preference is significant in predicting the variance of delinquent credit card payment.
In summary, the results indicate that morning types attenuate revolving credit card payments, which
are in support of Hypothesis 1.
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Table 3. Reports the average marginal effect of morningness on delinquent credit card payment in
logistic regression.
Dependent Variable: Delinquent
Credit Card Payments
Variables

Logistic Regression
z-Statistic p-Value

Average Marginal Effect

SE

−0.223 ***

0.080

−2.80

0.005

0.005
−0.016
0.028
−0.035
0.031
−0.019 **
−280.78662
0.038
455

0.048
0.046
0.053
0.043
0.023
0.008

0.10
−0.37
0.53
−0.82
1.36
−2.31

0.917
0.712
0.593
0.412
0.174
0.021

Main variables
Morningness
Control variables
Age
Male
Married
Education
Monthly income
Time preference
Log pseudolikelihood
Pseudo R2
Number of observations

Note: The dependent variable is delinquent credit card payments. This table reports the average marginal effect of
logistic regression regarding the effect of morningness on the delinquent credit card payments. The sample include
China full-time employees who have been working for 3 to 8 years, randomly sampled using an online survey.
** and *** indicate significance at the 5% level (2-sided) and 1% level, respectively. Pseudo R2 reports the model fit.

4.2. The Mediating Role of Time Perspective (H2)
First, we use OLS regression to investigate the relationship between morningness and time
preference. Second, a logistic regression is performed to examine the relationship between time
preference and delinquent credit card payments. Consequently, we are able to test whether time
preference mediates the link between morningness and delinquent credit card payments (Hypothesis
3). Table 4 reports the results of this mediation model. The results indicate that the morning chronotype
is positively associated with time preference (path a: coefficient is 2.136, SE = 0.375, t = 5.701) and time
preference is negatively associated with delinquent credit card payments (path b: coefficient is −0.087,
SE = 0.037, z = −2.367). Since a-path and b-path are both significant, which indicates that there is a
mediation effect. To further test the significance of this mediation effect (indirect effect a × b), we use the
bootstrapping method with bias-corrected confidence estimates [132]. Subsequently, the 95% confidence
interval of the indirect effect is taken with 5000 bootstraps resamples [132]. If the confidence interval of
the estimator does not contain 0, then it indicates that the indirect effect is significantly different from
zero. The results of the bootstrap test show that time preference mediates the link between morningness
and the delinquent credit card payments (indirect effect = a × b = −0.186, SE = 0.092, 95% CI = from
−0.381 to −0.029). Moreover, when adding time preference, the relationship between the morning
chronotype and delinquent credit card payments is still significant (path c0 : coefficient is −1.045,
SE = 0.386, z = −2.704). This results means that time preference is a partial mediator. To summarize,
the results are in support of Hypothesis 2. In other words, we find that time preference is one channel
through which morningness negatively influences the likelihood of delinquent credit card payments.
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Table 4. The mediating effect of time preference on the relationship between morningness and
delinquent credit card payments.
Time Preference
Variables
Constant
Morningness
Age
Male
Married
Education
Monthly income
Time preference
R2
Pseudo R2
Number of observations
Mediator Time preference
Indirect effect

Delinquent Credit Card Payments

Coefficient

SE

t

Coefficient

SE

z

20.912 ***
2.136 ***
0.557 **
−0.904 ***
−0.169
1.029 ***
−0.110

1.051
0.375
0.273
0.272
0.337
0.293
0.162

19.890
5.701
2.039
−3.324
−0.500
3.511
−0.682

1.684
−1.045 ***
0.023
−0.078
0.132
−0.164
0.145
−0.087 **

1.092
0.386
0.221
0.214
0.253
0.196
0.102
0.037

1.543
−2.704
0.106
−0.365
0.522
−0.837
1.415
−2.367

0.133
455
Bootstrapping effect
−0.186

0.038
455
Boot SE
0.090

95% CI (LL, UL)
−0.381
−0.029

Note: Unstandardized regression coefficients are reported; bootstrap sample size = 5000. CI = confidence interval;
LL = lower limit; UL = upper limit. ** indicates p < 0.05, and *** indicates p < 0.01.

4.3. The Moderating Role of Income on the Indirect Effect of Morningness on Delinquent Credit Card Payments
(H3 and H4)
Table 5 summarizes the statistical results of the moderation model that investigates the moderating
effect of monthly income on the relationship between time preference and delinquent credit card
payments. The dependent variable is delinquent credit card payments. The independent variable is
time preference, and the moderator is monthly income. We grand-mean-center the moderator (Monthly
income) and the independent variable (Time preference) according to the approach that was proposed
by Aiken et al. [133]. In particular, after the effects of the control variables and the main effects of time
preference are accounted, we find that the coefficient of the cross product between monthly income
and time preference is 0.062, t = 2.228, p = 0.026, yielding a significant interaction effect in relation to
delinquent credit card payments. The results support Hypothesis 3.
Table 5. The moderation effect of monthly income on the relationship between time preference and
delinquent credit card payments.
Dependent Variables: Delinquent Credit Card Payments

Monthly Income as a Moderator in Logistic Regression

Variables

Coefficients

SD

z-Statistic

p-Value

Constant
Age
Male
Married
Education
Morningness
Monthly income
Time preference
Monthly income × Time preference
Log pseudolikelihood
Pseudo R2
Number of observations

−0.047
0.084
−0.088
0.096
−0.174
−1.118 ***
0.190 *
−0.106 ***
0.062 **
−278.24058
0.047
455

0.874
0.226
0.213
0.253
0.198
0.394
0.107
0.038
0.026

−0.05
0.37
−0.41
0.38
−0.88
−2.84
1.78
−2.78
2.37

0.957
0.711
0.680
0.704
0.379
0.005
0.075
0.005
0.018

Note: The dependent variable is delinquent credit card payments. Monthly income is the moderator. This table
reports the coefficients from the logistic regression examining the moderating effect of monthly income on the
relationship between time preference and delinquent credit card payment. The sample includes residents of China
who have been working for three to eight years, randomly sampled using an online survey. *, **, and *** indicate
significant at 10% level (2-sided), 5% level, and 1% level, respectively.

To explore the indirect relationship between morningness and delinquent credit card payments
through time preference would be conditional on the moderator variable of monthly income for the
path from time preference to delinquent credit card payments, we use the bootstrap methods that
were proposed by Hayes [131] to test this hypothesized second-stage moderated mediation model
(Hypothesis 4). The first step is to examine the interactive effect of time preference and monthly
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income on delinquent credit card payments. The results suggest that the interaction term between
monthly income and time preference is significant (b = 0.062, p < 0.05). Table 6 displays the details.
The second step is to investigate the conditional indirect effects at 1 standard deviation above (high
monthly income), at 0 standard deviation from (average monthly income), and at 1 standard deviation
below the mean of the moderator (low monthly income). Table 6 reports the details of the moderated
mediation model test.
Table 6. The conditional indirect effect of morningness on delinquent credit card payments.
Time Preference

Delinquent Credit Card Payment

Variables

Coefficient

SE

t

Coefficient

SE

z

Constant
Age
Male
Married
Education
Morningness
Monthly income
Time preference
Monthly income × Time
preference
R2
Pseudo R2
Number of observations
Moderator: Monthly income
Low (−1 SD from mean)
Average (0 SD from mean)
High (+1 SD from mean)
Index of moderated
mediation
Mediator
Time preference

−4.245 ***
0.532 *
−0.936 ***
−0.213
0.954 ***
2.116 ***

1.053
0.278
0.274
0.328
0.262
0.368

−4.033
1.912
−3.413
−0.649
3.643
5.745

−0.047
0.084
−0.088
0.096
−0.174
−1.118 ***
0.191 *
−0.106 ***

0.866
0.223
0.215
0.255
0.197
0.392
0.105
0.038

−0.054
0.376
−0.410
0.376
−0.884
−2.858
1.817
−2.765

0.062 **

0.028

2.228

0.131
0.047
455

455
Bootstrapping indirect effect
−0.368
−0.224
−0.079

Index
0.131

Boot SE
0.138
0.094
0.097

Boot SE
0.067

95% CI (LL, UL)
−0.666
−0.139
−0.430
−0.062
−0.283
0.104

95% CI (LL, UL)
0.012
0.270

Note: Unstandardized regression coefficients are reported; bootstrap sample size = 5000. CI = confidence interval;
LL = lower limit; UL = upper limit. * indicates p < 0.1, ** indicates p < 0.05, and *** indicates p < 0.01.

In particular, for low monthly income, the moderated mediation model is significant (indirect
effect= −0.368, SE = 0.138, 95% CI = [−0.666, −0.139]). Therefore, morning-type people with low
monthly income have less likelihood of delinquent credit card payments by 0.368. Similarly, for average
monthly income, the moderated mediation model is also significant (indirect effect = 0.224, SE = 0.094,
95% CI = [−0.430, −0.062]). Hence, morning-type people with average monthly income have a
propensity for decreasing the likelihood of delinquent credit card payment by 0.224. However, for high
monthly income, the moderated mediation model is not significant (indirect effect = −0.079, SE = 0.097,
95% CI = [−0.283, 0.104]). The index of moderated mediation [134] quantifies this conditional indirect
effect (b = 0.131, SE = 0.067, 95% CI = [0.012, 0.270]). Together, the results indicate that morningness
is more likely to influence delinquent credit card payment behaviour through time preference when
income is at low and average levels.
To summarize, their findings above indicate that the morning chronotype influences delinquent
credit card payments through time preference, and that the indirect effects change according to different
levels of monthly income.
4.4. The Direct Effect of Morningness on the Likelihood of Investments in Stock (H5)
Table 7 reports the average marginal effect of morningness on stock market participation using
a logistic regression. The independent variable is morningness, indicating the morning type of
circadian chronotypes. The results indicate that morning type is not positively associated with stock
market participation (average marginal effect of morningness is 0.105, SE = 0.063, z-statistics = 1.66,
p = 0.098). In other words, when comparing with other chronotypes, the percentage of owning stock for
morningness people is not significant from zero. In summary, the results do not support Hypothesis 5.
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Table 7. The effect of morningness on stock market participation based on logistic regression.
Dependent Variables:
Stock Market Participation
Variables
Main variables
Morningness
Control variables
Age
Male
Married
Education
Monthly income
Financial risk preference
Log pseudolikelihood
Pseudo R2

Logistic Regression
Average Marginal Effect

SE

z-Statistic

p-Value

0.105 *

0.063

1.66

0.098

0.011
0.111 **
0.088 *
0.121 ***
0.018
0.056 **
−258.340
0.117

0.044
0.045
0.047
0.037
0.021
0.011

0.24
2.49
1.83
3.24
0.86
5.24

0.812
0.013
0.067
0.001
0.389
0.001

Number of observation

455

Note: The dependent variable is stock market participation. This table reports the average marginal effect based
on logistic regression examining the effect of morningness on the stock market participation. The sample is China
residents who have been working for 3 to 8 years, randomly sampled with the online survey. *, **, and *** indicate
significance at 10% level (two-sided), 5% level, and 1% level, respectively.

4.5. The Mediating Role of Financial Risk Preference (H6)
First, an OLS regression is used to investigate the relationship between morningness and financial
risk preference. Second, a logistic regression is conducted to examine the relationship between financial
risk preference and stock market participation. Consequently, we are able to test whether financial
risk preference mediates the link between morningness and stock market participation (Hypothesis 6).
Table 8 reports the results of this mediation model. The results indicate that the morning chronotype is
positively associated with financial risk preference (path a: coefficient is 0.745, SE = 0.277, t = 2.688).
This finding contradicts that of Wang and Chartrand [25]. In addition, financial risk tolerance is
positively associated with stock market participation (path b: coefficient is 0.293, SE = 0.059, z = 4.934).
Since the a-path and b-path are significant, the results indicate that there is a mediation effect. To
further test the significance of this mediation effect (indirect effect a × b), we use the bootstrapping
method with bias-corrected confidence estimates [132]. Next, the 95% confidence interval of the
indirect effect is taken with 5000 bootstraps resamples [132]. If the confidence interval of the estimator
does not contain 0, it shows that the indirect effect is significantly different from zero. The results of
the bootstrap test showed that financial risk preference mediates the link between morningness and
stock market participation (indirect effect = a × b = 0.219, SE = 0.095, 95% CI = from 0.067 to 0.435).
Moreover, when adding financial risk preference, the relationship between the morning chronotype
and stock market participation turns becomes non-significant (path c0 : coefficient is 0.543, SE = 0.351,
z = 1.551). This result means that financial risk preference is a full mediator. To summarize, the results
are in support of Hypothesis 6. In other words, financial risk preference is one channel through which
morningness positively influences the likelihood of stock market participation.
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Table 8. The mediating effect of financial risk preference on the relationship between morningness and
stock market participation.
Financial Risk Preference
Variables
Constant
Morningness
Age
Male
Married
Education
Monthly income
Financial risk preference
R2
Pseudo R2
Number of observations
Mediator Financial
preference
Indirect effect

Stock Market Participation

Coefficient

SE

t

Coefficient

SE

z

6.514 ***
0.745 ***
−0.225
0.750 ***
0.375
−0.147
0.381 ***

0.654
0.277
0.189
0.179
0.232
0.164
0.093

9.953
2.688
−1.192
4.186
1.619
−0.896
4.080

−4.978 ***
0.543
0.055
0.577 **
0.455 *
0.629 ***
0.095
0.293 ***

0.962
0.351
0.234
0.234
0.258
0.212
0.109
0.059

−5.175
1.551
0.233
2.471
1.768
2.976
0.869
4.934

0.113
0.117
455

455
Bootstrapping effect

Boot SE

0.219

0.095

95% CI (LL, UL)
0.067

0.435

Note: Unstandardized regression coefficients are reported; bootstrap sample size = 5000. CI = confidence interval;
LL = lower limit; UL = upper limit. * indicates p < 0.1, ** indicates p < 0.05, and *** indicates p < 0.01.

4.6. The Moderating Role of Income on the Indirect Effect of Morningness on Stock Market Participation
(H7 and H8)
Table 9 summarizes the statistical results of the moderation model that investigates the moderating
effect of monthly income on the relationship between morningness and financial risk preference.
The dependent variable is financial risk preference. The independent variable is morningness and
the moderator is monthly income. We grand-mean-center the moderator (Monthly income) and
the independent variable (Morningness) according to the approach proposed by Aiken et al. [133].
In particular, after the effects of the control variables and the main effects of time preference are
accounted, we find that the coefficient of cross product between monthly income and morningness is
0.209, SE = 0.286, t = 0.73, p = 0.463, indicating that there is no significant interaction effect in relation
to stock market participation. The results do not support Hypothesis 7.
Table 9. The moderation effect of monthly income on the relationship between morningness and
financial risk preference.
Dependent Variables:
Financial Risk Preference
Variables
Constant
Age
Male
Married
Education
Morningness
Monthly income
Monthly income × Morningness
R2
The Number of Observations

Monthly Income as a Moderator in Ordinary Least
Squares Regression
Coefficients

SD

t-Statistic

p-Value

7.772 ***
−0.232
0.766 ***
0.381 *
−0.144
0.713 ***
0.352 ***
0.209
0.115
455

0.702
0.186
0.180
0.228
0.160
0.269
0.095
0.286

11.08
−1.25
4.25
1.67
−0.90
2.64
3.70
0.73

0.001
0.214
0.001
0.095
0.369
0.008
0.001
0.463

Note: The dependent variable is financial risk preference. Monthly income is the moderator. This table reports
the coefficients from the OLS regression examining the moderating effect of monthly income on the relationship
between morningness and financial risk preference. The sample is China residents who have been working for 3 to
8 years, randomly sampled with the online survey. * and *** indicate significances at the 10% level (two-sided) and
1% level, respectively.

To explore whether the indirect relationship between morningness and stock market participation
through financial risk preference would be conditional on the moderator variable of monthly income
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for the path from morningness to financial risk preference, we use the bootstrap methods proposed
by Hayes [131] to test this hypothesized first-stage moderated mediation model (Hypothesis 8). The
first step is to examine the interactive effect of morningness and monthly income on financial risk
preference. The results suggest that the interaction term between morningness and monthly income is
not significant (b = 0.210, SE = 0.305, t = 0.688, p > 0.05). The second step is to investigate the conditional
indirect effects at one standard deviation above (high monthly income), at 0 standard deviation from
(average monthly income), and at one standard deviation below the mean of the moderator (low
monthly income). Table 10 reports the details of the moderated mediation model test.
Table 10. The conditional indirect effect of morningness on stock market participation.
Financial Risk Preference

Stock Market Participation

Variables

Coefficient

SE

t

Coefficient

SE

z

Constant
Age
Male
Married
Education
Morningness
Monthly income
Financial preference
Monthly income × Morning type
R2
Pseudo R2
Number of observations
Moderator: Monthly income
Low (−1 SD from mean)
Average (0 SD from mean)
High (+1 SD from mean)
Index of moderated mediation

7.866 ***
−0.232
0.766 ***
0.381
−0.144
0.713 **
0.379 ***

0.722
0.188
0.183
0.232
0.164
0.280
0.093

10.899
−1.231
4.180
1.647
−0.876
2.545
4.070

−4.974 ***
0.077
0.600 ***
0.487 *
0.693 ***
0.549

0.962
0.233
0.232
0.255
0.199
0.351

−5.168
0.330
2.587
1.912
3.474
1.566

0.303 ***

0.059

5.174

0.210
0.115

0.305

0.688
0.116
455

455
Bootstrapping indirect effect
0.146
0.216
0.286

Mediator

Index

Financial preference

0.064

Boot SE
0.136
0.095
0.147
SE
(Boot)
0.095

95% CI (LL, UL)
−0.100
0.444
0.054
0.422
0.047
0.620
95% CI (LL, UL)

−0.107

0.279

Note: Unstandardized regression coefficients are reported; bootstrap sample size = 5000. CI = confidence interval;
LL = lower limit; UL = upper limit. * indicates p < 0.1, ** indicates p < 0.05, and *** indicates p < 0.01.

Since the interaction between morningness and monthly income is not significant and the index
of moderated mediation model is not significant (Index = 0.064, SE = 0.095, 95% CI = [−0.107, 0.279]),
the results indicate that there is no conditional indirect effect between morningness and stock market
participation through financial risk preference.
To summarize, the findings above indicate that morning chronotype influences stock market
participation fully through financial risk preference and that these indirect effects do not vary at
different levels of monthly income.
4.7. Robustness Check
We changed the dichotomously measured morningness in the benchmark analysis to a
continuum scale, because Chelminski et al. [135] proposed the idea of using continuum scale
of morningness-eveningness, which may provide richer information regarding the hypothesized
relationships. We also used a different single question that was also proposed by Dohmen et al. [26]
to measure risk preference, which can generate an all-around factor to predict risky behaviour. In
addition, we added both risk and time preference measures in all settings of the regression and path
analyses, as risk and time are intertwined. It would be problematic to isolate risk attitude when
studying time preference [136], because uncontrolled risk preference can create present-biased choices
or behaviour. By changing the measures of the key variables of interests and increasing bootstrap
sample size from 5000 to 50,000, we intend to verify the robustness of our results.
The analysis first shows that circadian rhythm is negatively associated delinquent credit debt
payments, and time perspective partially mediates this relationship. In addition, income moderates
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this indirect effect on the path from time preference to delinquent credit debt payments. Second, risk
preference still fully mediates the positive association between circadian rhythm and the likelihood
of participating in the stock market. Consequently, the results are still robust after changing the
measurements of key variables, which enhances the empirical evidence supporting the hypothesized
relationships. For brevity purposes, we report the details of robustness check in Appendix B.
5. Discussion
The first goal of the current study was to explore the effects of circadian rhythm on financial
behaviour, including revolving credit card payments and stock market participation as well as the
possible mechanisms (i.e., channels) through which theses effect take place. In particular, we aim to get
a better understanding of the links between (1) circadian rhythm, time preference, and delinquent credit
card payments, as well as the relationships between (2) circadian rhythm, financial risk preference,
and stock market participation. In fact, we investigated how morningness is related to the likelihood
of delinquent credit card payments, and whether time preference is one channel through which
morningness indirectly affects the likelihood of delinquent credit card payment. In addition, we
test how income moderates the mediating relationship between morningness, time preference, and
delinquent credit card payments. Partially, as expected, the survey results empirically demonstrate
that morningness is negatively associated with the likelihood of delinquent credit card payments. Time
preference is one of the channels through which morningness influences the likelihood of incomplete
credit card debt. Moreover, this indirect relationship is identified to be significant if and only if
individuals have a median or high level of monthly income.
The second goal of this paper was to examine the effects of circadian rhythm on stock market
participation and explore the plausible channels through which these effects occur. Specifically,
we examine how morningness is associated with the likelihood of stock market participation, and
whether financial risk preference is one channel through which morningness indirectly influences
the likelihood of stock market participation. Additionally, we test whether income moderates the
mediating relationship between morningness, financial risk preference, and delinquent credit card debt.
The results confirm that morningness only influences the likelihood of participating in the stock market
through financial risk preference. An additional finding is that the results indicate that morningness
is positively associated with financial risk preference, which contradicts the previous studies that
reported morningness is inversely related to risk taking [25,137,138]. Finally, neither morningness
is directly associated with stock market participation or income moderates the indirect relationship
between morningness, financial risk preference, and participation in the stock market.
These findings have some important theoretical and practical implications.
5.1. Theoretical Implications
In general, we extend the literature by adding the knowledge that circadian typologies can
influence financial behaviour through individual economic differences (i.e., time preference and
financial risk preference), and we provide an informative picture regarding the relationships between
them based on inferential statistics.
We contribute to this stream of literature by recognizing that morning-type people can inhibit
the probability of delinquent credit cards and time preference represents one of the channels through
which this occurs. The research expands the present understanding of the functional effect of
morningness-eveningness [1] by theoretically and empirically suggesting the relationship between
morningness and the likelihood of delinquent credit card payments. We propose and find a direct
negative association between morningness and delinquent credit card payment, which makes it clear
that the morning chronotype significantly suppresses the likelihood of revolving credit card debt.
One possible mechanism for this association is self-control because morningness prompts individuals
to be more self-regulated [65], which is negatively associated with non-payment of credit cards and
the financial burdens of debt [139]. Another possible mechanism for this link could be through a
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character inventory. Morning larks are more prone to being persistent [140], conscientious [141], and
proactive [33] as compared with evening owls. In particular, proactive people tend to examine, expect,
and diminish the effects of potential problems in the future, avoiding them as much as possible [62,63].
As a result, these people are more likely to avoid delinquent credit card debt. We also hypothesize and
the results reveal that time preference partially mediates the relationship between morningness and
delinquent credit card payments, thus replicating the association between morning chronotype and
time perspective [142,143], and expanding upon the initial work by using a Chinese sample. Morning
larks appear to focus on future target attainment and suspend gratification [65]. The study also
extends the knowledge regarding the effect of morning-type on various behaviours that were mainly
in the health and education fields [1,144–148] to the financial field. An additional highlight is that the
mediating role of time preference in the morningness-delinquent credit card payment relationship goes
beyond the effects of the demographic predictors that we control for in the analyses. Furthermore, by
integrating insights from theories on time preference and credit card borrowing [24,149–151], and from
theories on income and credit card debt [27], we propose and investigate how income moderates the
mediating role of time preference on the morningness-delinquent credit card payments relationship.
The findings show that time preference induced by a morning-oriented rhythm result in less likelihood
of revolving credit card debt at mean and low levels of income. Specifically, the possible reason for the
results regarding users of credit cards with low and mean levels of income is that they are concerned
about the level of their financial debt, given the compounding rate of credit card debt. Because their
financial situation is vulnerable to high interest rates, which will increase based on the amount of
debt [19], another concern of people with low and mean levels of income may be their personal credit
over the long term. Given the evidence that income is positively associated with credit card balances
at average and low levels of income [27], an increase in income for these groups of people may result
in higher credit-card debt. Consequently, to maintain the utility of personal credit, future-oriented
people with low and average levels of income will try their best to avoid any default-related behaviour.
However, individuals with a high level of income appear to be much less likely to be in a weak position
such that their financial situation would be profoundly harmed due to unpaid credit card debt. For
that reason, for this group of people, time preference is not a mediator for the likelihood of delinquent
credit card payments.
Another important contribution of this study is to identify that circadian rhythms can exert
influence on the probability of owning equity through financial risk preference. We advance the
current understanding of the effect of morningness on risk behaviour related to investment matters
by empirically investigates whether and how morningness affect financial risk taking and in turn
influences stock market participation. We also offer possible explanations from multiple perspectives
for why morning larks are prone to more risk taking, which can lead to the sequential outcome of
owning equity. First, contrary to expectations [25], we find that morningness people are more likely to
engage in financial risk taking. Since genetic factors [152] can explain a large amount of the variance
of circadian typologies, and biological and physiological factors [153,154] are significant predictors
of them, we are able to provide a plausible explanation. In the literature, Kandasamy et al. [155]
argued that acute cortisol lift-up is associated with increased physical arousal [156], enhanced memory
recall [157], higher frequency of interaction with dopaminergic paths in the brain, promoted learning,
induced behaviour, and sensation seeking. In addition, Cueva et al. [158] clarified that cortisol and
testosterone lead to increased financial risk preference. Therefore, the possible channel could be cortisol.
Empirical research has suggested that the mean cortisol level of morning-type people is larger than the
mean cortisol level of evening-type ones [159]. When compared with evening owls, morning larks may
have a higher level of cortisol in their first hour after waking [160]. In addition, morningness people
have moderately greater cortisol concentrations after waking than eveningness individuals [161,162].
Because cortisol tends to directly increase risk taking, it could shed light on the positive association
between morning-types and financial risk preference. Another possible channel could be testosterone,
which could induce people to be more optimistic about risk regarding price changes in the financial
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market [158], although Randler et al. [163], in the first place, put forward that testosterone is positively
associated with evening-types in young adults between 20 and 30 years of age. Given this contrasting
evidence, we do not deny that testosterone may also contribute to the higher level of risk taking among
morning-oriented people, as our sample is quite heterogeneous from a demographic perspective. For
example, our sample spans a larger age range (18 to 44 years old) and is a mixed gender sample rather
than only males. A possible third channel is a happy mood. On the one hand, when compared with
evening owls, morning larks have higher levels of positive mood in both the young and old age groups,
which make them happier [77]. When evening owls force themselves to get up early and produce in the
daytime, it leads to some extent of sleep loss and emotional stress and in turn they are less happy. On
the other hand, being happy is positively associated with a greater level of financial risk taking [164].
Positive emotional states, such as excitement and happiness, prompt individuals to take risks and to
have more confidence in their abilities when making financial decisions [165]. Second, with regard
to the finding that financial risk preference fully mediates the relationship between morning-type
people and owning equity as a behavioural consequence, it is straightforward to argue that financial
risk preference is a unique channel. Empirical research in the risk attitude domain suggests that
risk tolerance is positively associated with risky behaviour, including holding equity, which might
be useful in many applications with a variety of different datasets [166]. Risk attitudes can explain
the variance in risky behaviour, and the willingness to take risks in financial matters predicts the
probability of owning stock much better than risk predictors do in other contexts [26]. By integrating
the evidence from the literature described above, we articulate the importance of the financial-risk
taking process mechanism that is intrinsically embedded in the connection between morning-types
and the probability of owning stock.
Empirical studies in the behavioural finance domain have focused on investigating the antecedents
and outcomes of interest, in this case in terms of investment behaviour. Morningness-eveningness
denotes biological rhythms, which is a temporality of humanity that cannot be backward, but only
as an elemental level [23]. We contribute by linking circadian rhythms with risk preference and time
preference. Apprehending individuals’ decision-making both under risk and over time represents two
fundamental domains of economic analysis [28] and policy design [167]. However, they are distinctive
conceptions [136,168]. Prospect theory [169] takes risk attitude as a free parameter, while Zimbardo
and Boyd [170] defined time preference as a temporal category. It is therefore of benefit to explore
their process mechanisms. Although cross-sectional research based on regressions have limitation to
clarify causality [171], we still have provided some reasonable explanation regarding the path from
the circadian typologies to risk and time preferences in the above two paragraphs. Furthermore, we
extend the empirical literature by identifying the mediating mechanism of risk and time preference
between circadian rhythms and financial behaviour and the moderation mechanism of income in
the indirect relationship between morningness and delinquent credit card payments through time
preference. As such, we add fine-grained knowledge about whether, how, and when circadian rhythms
influence financial behaviour in a sequential process.
5.2. Practical Implications
Given the evidence that morning larks are less likely to have revolving credit balances when
compared with evening owls, morningness is indirectly and positively associated with the likelihood
of participation in the stock market. From a financial perspective, evening-types do not seem to be in
an advantageous position. Because in the short term, having delinquent credit card debt lead to higher
interest rates, financial penalties, and higher outstanding balances [20], and in the long-term, such
behaviour harms financial well-being. In addition, non-participation in the stock market over the long
term is costly because the stock premium is more likely to accumulate long-term benefits in personal
savings, which in turn produce personal well-being. Therefore, we have following practical implication.
For individuals, evening-oriented people should prevent from adopting poor loan payment habits
in order to avoid unpaid credit debt, and they should pay loans back on time. In addition, empirical
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evidence indicates that evening owls might shift their sleep-wake time schedule to be closer to morning
larks. Although the circadian chronotypes are time stable, this does not mean this characteristic is
unchangeable. As a result, we anticipate that evening owls could have longer daytime to process
information and deal with things, and become more proactive, more conscientious, as well as improve
their mood, which may contribute a higher likelihood of participation in the stock market. In addition,
financial institutions can assess the chronotypes of customers as predictors of their behaviour. For
example, financial institutions could remind evening-oriented customers about the due dates of their
loan payment slightly more often but still in a soft manner, such as through email or app notifications.
Furthermore, financial organizations could recommend customized portfolio according to customer’
circadian type. For example, financial risk involved with the suggested financial products for morning
larks could be slightly higher than those proposed for evening owls.
6. Conclusions
In summary, to further understanding of the influence of circadian rhythms on specific financial
behaviour (e.g., delinquent credit card payments and stock market participation), we integrated and
examined the role of time perspective and risk preference in a sequential process. We conducted
regressions and path analysis based on an online survey sample representing the group of people who
have been working for three to eight years in China. The findings show that compared to evening-type
and neither-type individuals, morning larks are much less likely to have revolving credit card debt
and one of the channels is the individual’s time perspective. However, time preference only partially
mediates the relationship between morning chronotype and the probability of having revolving credit
card debt when individual’ income level is at average and low, for the path from time preference to
delinquent credit card payments.
Some limitations of this paper warrant mention. First, the sample included workers who have
been working for 3 to 8 years and consequently, future studies could benefit from using a wider age
spectrum. Second, the use of other measures of circadian rhythm, such as rMEQ [172] and MESSi [35]
could potentially overcome the issue of unevenly distributed chronotypes in our Chinese samples.
Third, it would be interesting to examine cultural and environmental differences with respect to our
results and findings, such as in an individualism-oriented country and using culturally modified
cut-off criteria of chronotypes, as proposed by Kerkhof [173] and Caci et al. [174], in future studies.
The present study helps to clarify the underlying mechanism and the condition in the link
between circadian typologies and revolving credit card debt. Another novel finding is that risk
preference fully mediates the relationship between morningness and the probability of owning equity.
Therefore, the current study is also helpful to elucidate the unique channel and mechanism through
which being morning-oriented exerts an influence on stock market participation. Furthermore, the
results could be a valuable tool for financial professionals who could consider circadian rhythms when
developing and introducing financial products or financial services to morning-type, intermediate-type,
and evening-type populations. Future research could extend by studying the relationship between
chronotypes, preference constructs, and financial behaviour by adding sampling frames, such as
including aging cohorts, general populations in other countries. In addition, longitudinal studies are
particularly of use to validate the proposed relationships. A further step could be to verify causal
relationships among these variables by implementing behavioural experiments.
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Appendix A
The questionnaire of this paper
Research Title: Chronotype, risk and time preference, and financial behaviour
Participant information sheet (English version of questionnaire)
ERGO-number 26671
Please read this information carefully before deciding to take part in this research.
What is the research about?
This research is going to investigate how circadian typology (morningness or eveningness) affect
financial behaviour, such incomplete credit card payment and stock market participation. Morningness
refer to ones who are mentally and physically active during the morning hours while eveningness
are ones who are more alert at night. We expect risk preference and time preference are able to bridge
circadian typology and financial behaviour.
What will happen to me if I take part?
Participation will fill one questionnaire. It may take you 10 to 15 min to complete, including
approximately 28 questions. Please make sure that you have sufficient time to finish if you are
willing to joining. Your participation is very important because you will be profoundly contributing to
this research.
Screening and eligibility?
If you have been working for 3 to 8 years and your age is +18 years old, you are eligible to take part in
the research.
Will my participation be confidential and in safety?
There will be no risk in taking this survey. Your answers and personal information will be confidential.
Your name and contact details will not be shown as it is not required to provide your name. Only the
aggregate statistical data will be presented in this research, in terms of a paper in the future. Data and
results will be stored properly according to the Data Protection Act and saved in a locked cabinet or
encrypted file in a password-protected computer.
What happens if you change your mind?
You may withdraw your consent and participating in the study at any time. You will not be penalized
for this.
Participants may wish to contact:
The researcher, Di Wang (dw2n13@soton.ac.uk).
#
#

Yes, I am willing to joining this survey.
No, I do not want to join

Circadian Preference (Morningness or Eveningness)
Please check the response for each item that best describes you.
1.1. Considering only your own “feeling best” rhythm, at what time would you get up if you were
entirely free to plan your day?
5:00–6:30 a.m. (5)
6:30–7:45 a.m. (4)
7:45–9:45 a.m. (3)
9:45–11:00 a.m. (2)
11:00 a.m.–12:00 (noon) (1)
1.2. Considering your only “feeling best” rhythm, at what time would you go to bed if you were
entirely free to plan your evening?

Algorithms 2018, 11, 153

25 of 38

8:00–9:00 p.m. (5)
9:00–10:15 p.m. (4)
10:15 p.m.–12:30 a.m. (3)
12:30–1:45 a.m. (2)
1:45–3:00 a.m. (1)
1.3. Assuming normal circumstance, how easy do you find getting up in the morning? (Check one.)
Not at all easy (1)
Slightly easy (2)
Fairly easy (3)
Very easy (4)
1.4. How alert do you feel during the first half hour after having awakened in the morning? (Check one.)
Not at all alert (1)
Slightly alert (2)
Fairly alert (3)
Very alert (4)
1.5. During the first half hour after having awakened in the morning. How tired do you feel? (Check one.)
Very tired (1)
Fairly tired (2)
Fairly refreshed (3)
Very refreshed (4)
1.6. You have decided to engage in some physical exercise. A friend suggests that you do this one hour
twice a week and the best time for him is 7:00–8:00 a.m. Bearing in mind nothing else but your own
“feeling best” rhythm, how do you think you would perform?
Would be in good form (4)
Would be in reasonable form (3)
Would find it difficult (2)
Would find it very difficult (1)
1.7. At what time in the evening do you feel tired and, as a result, in need of sleep?
8:00–9:00 p.m. (5)
9:00–10:15 p.m. (4)
10:15 p.m.–12:30 a.m. (3)
12:30–1:45 a.m. (2)
1:45–3:00 a.m. (1)
1.8. You wish to be at your peak performance for a test which you know is going to be mentally
exhausting and lasting for two hours. You are entirely free to plan your day, and considering only your
own “feeling best” rhythm, which one of the four testing times would you choose?
8:00–10:00 a.m. (4)
11:00 a.m.–l:00 p.m. (3)
3:00–5:00 p.m. (2)
7:00–9:00 p.m. (1)
1.9. One hears about “morning” and “evening” types of people. Which ONE of these types do you
consider yourself to be?
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Definitely a morning type (4)
More a morning than an evening type (3)
More an evening than a morning type (2)
Definitely an evening type (1)
1.10. When would you prefer to rise (provided you have a full day’s work—8 h) if you were totally
free to arrange your time?
Before 6:30 a.m. (4)
6:30–7:30 a.m. (3)
7:30–8:30 a.m. (2)
8:30 a.m. or later (1)
1.11. If you always had to rise at 6:00 a.m., what do you think it would be like?
Very difficult and unpleasant (1)
Rather difficult and unpleasant (2)
A little unpleasant but no great problem (3)
Easy and not unpleasant (4)
1.12. How long a time does it usually take before you “recover your senses” in the morning after rising
from a night’s sleep?
0–10 min (4)
11–20 min (3)
21–40 min (2)
More than 40 min (1)
1.13. Please indicate to what extent you are a morning or evening active individual
Pronounced morning active (morning alert and evening tired) (4)
To some extent, morning active (3)
To some extent, evening active (2)
Pronounced evening active (morning tired and evening alert) (1)
Demographic information
2.1. What is your age?
18–29 (1)
30–44 (2)
45–54 (3)
2.2. What is your gender?
Female (0)
Male (1)
2.3. Marital status:
Others (0)
Married (1)
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2.4. Highest Level of Education Attained
Less than High School (1)
High school graduate (2)
Some college (3)
Bachelor degree (4)
Master degree (5)
PhD (6)
2.5. What is your monthly income in Chinese RMB?
Less than RMB3000 (1)
RMB3000 to RMB5000 (2)
RMB5000 to RMB7500 (3)
RMB7500 to RMB10,000 (4)
RMB10,000 to RMB20,000 (5)
More than RMB20,000 (6)
2.6. Generally speaking, would you say that most people can be trusted, or that you cannot be too
careful in dealing with people?
Strongly disagree (1)
Disagree (2)
Somewhat disagree (3)
Neither agree nor disagree (4)
Somewhat agree (5)
Agree (6)
Strongly agree (7)
2.7. Have you invested in the stock market?
No (0)
Yes (1)
2.8. How do you see yourself? Are you generally a person who is fully prepared to take risks or do
you try to avoid taking risks? Please tick a choice on the scale, where the value 0 means ‘not at all
willing to take risks’, and the value 10 means ‘very willing to take risks’
0
1
2
3
4
5
6
7
8
9
10
2.9. How do you see yourself? Are you generally a person who is fully prepared to take financial risks
or do you try to avoid taking financial risks? Please tick a choice on the scale, where the value 0 means
‘not at all willing to take financial risks’, and the value 10 means ‘very willing to take financial risks’
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2.10. Please indicate below the option that best describes your payments on credit cards.
I do not use credit cards for payments (0)
Always pays off monthly (1)
Generally pays off monthly (2)
Occasionally pays off monthly (3)
Seldom pays off, but tries to pay down (4)
Generally pays minimum each month (5)
Time preference
3.1. When you are driving a car, how likely is it that you are wearing your seatbelt?
Never (1)
Sometimes (2)
About half the time (3)
Most of the time (4)
Always (5)
3.2. How often do you smoke cigarettes?
Never (5)
Sometimes (4)
About half the time (3)
Most of the time (2)
Always (1)
3.3. How often do you consume alcoholic beverages?
Never (5)
Sometimes (4)
About half the time (3)
Most of the time (2)
Always (1)
3.4. How often do you use nutrition labels to select the foods you buy?
Never (1)
Sometimes (2)
About half the time (3)
Most of the time (4)
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Always (5)
3.5. How often do you engage in strenuous physical exercise?
Never (1)
Sometimes (2)
About half the time (3)
Most of the time (4)
Always (5)
3.6. How often have you engaged in unprotected sex during the last year?
Never (5)
Sometimes (4)
About half the time (3)
Most of the time (2)
Always (1)
3.7. How often do you choose foods for the purpose of creating a diet that will reduce your chances of
having a diet-related illness in the future?
Never (1)
Sometimes (2)
About half the time (3)
Most of the time (4)
Always (5)
Appendix B
Robustness Check
We changed the dichotomously measured morningness in the benchmark analysis to a continuum
scale because based on the idea proposed by Chelminski et al. [135] that using a continuum scale for
morningness-eveningness could provide richer information regarding the hypothesized relationships.
We also used a different single self-reported question, as proposed by Dohmen et al. [26], to measure
risk preference, and generate an all-around factor to predict risky behaviour. In addition, we added
both risk and time preference measures in all settings of regressions and path analyses, as risk and
time are intertwined. It would be problematic to isolate risk attitude when examining the effect of
time preference on certain behaviour [136], as uncontrolled risk can create present-biased choices or
behaviour. By changing the measurements of the interested variables and increasing bootstrap sample
size from 5000 to 50,000, we intend to verify the robustness of the results.
The continuum form of morningness-eveningness (Circadian rhythm) ranges from 15 to 51, where
a higher score indicates greater morning orientation. General risk preference is a single indicator with
a higher score presenting a higher level of risk taking, ranging from 1 to 11.
We conducted a robustness check on hypotheses (H1, H2, H3, H4, H6), because these hypotheses
were supported by the benchmark results. First, we tested the link between circadian rhythm and
revolving credit card debt.
The results recorded in Table A1 indicate that circadian rhythm is negatively associated with the
possibility of delinquent credit card payments (b = −0.012, SE = 0.003, z = −3.37, p < 0.01), which
supports Hypothesis 1.
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Table A1. The effect of circadian rhythm on likelihood of delinquent credit card payments in
logistic regression.
Dependent Variable: Delinquent Credit Card Payment
Variables

Logistic Regression
Average Marginal Effect

SE

z-Statistic

p-Value

−0.012 ***

0.003

−3.47

0.001

0.005
−0.030
0.046
−0.026
0.019
−0.018 **
0.021
−278.827
0.045
455

0.048
0.048
0.054
0.044
0.024
0.008
0.014

0.10
−0.63
0.85
−0.58
0.80
−2.15
1.51

0.922
0.530
0.394
0.565
0.425
0.032
0.132

Main variables
Circadian rhythm
Control variables
Age
Male
Married
Education
Monthly income
Time preference
General risk preference
Log pseudolikelihood
Pseudo R2
Number of observations

Note: The dependent variable is delinquent credit card payments. This table reports the average marginal effect
of logistic regression examining the effect of circadian rhythm on delinquent credit card payments. The sample is
comprised of Chinese full-time employees who have been working for 3 to 8 years, randomly sampled from an
online survey. ** and *** respectively indicate significance at 5% level and 1% level. Pseudo R2 reports model fit.

Second, we tested whether time preference mediates the relationship between circadian rhythm
and delinquent credit card debt. Table A2 conveys the results (bootstrapping coefficient of indirect
effect = −0.107, bootstrapping SE = 0.006, 95% C = [−0.024, −0.001]), which supports Hypothesis 2.
Table A2. The mediating effect of time preference on the relationship between circadian rhythm and
delinquent credit card payments.
Time Preference
Variables
Constant
Circadian rhythm
Age
Male
Married
Education
Monthly income
General risk preference
Time preference
R2
Pseudo R2
Number of observations
Mediator Time preference
Indirect effect

Delinquent Credit Card Payments

Coefficient

SE

t

Coefficient

SE

z

15.630 ***
0.126 ***
0.632 **
−1.030 ***
−0.381
0.968 ***
−0.130
0.183

1.522
0.024
0.272
0.279
0.334
0.309
0.166
0.088

10.271
5.274
2.325
−3.693
−1.141
3.130
−0.788
2.080

2.716
−0.055 ***
0.023
−0.141
0.218
−0.121
0.089
0.101
−0.085 **

1.165
0.017
0.222
0.222
0.257
0.199
0.106
0.065
0.038

2.331
−3.283
0.100
−0.637
0.848
−0.605
0.838
1.551
−2.239

0.168
455
Bootstrapping effect
−0.107

0.045
455
Boot SE
0.006

95% CI (LL, UL)
−0.023
−0.001

Note: Unstandardized regression coefficients are reported; bootstrap sample size = 50,000. CI = confidence interval;
LL = lower limit; UL = upper limit. ** indicates p < 0.05, and *** indicates p < 0.01.

Third, we set out to verify whether income moderates the time preference-delinquent credit
card debt relationship, and whether the indirect effect of circadian rhythm on delinquent credit debt
payments through time perspective, is moderated by monthly income, such that an indirect effect exists
for those whose income is at low to average level. Table A3 reports the corresponding results, which
supports Hypothesis 3 (The coefficient of interaction item monthly income × time preference = 0.065,
SE = 0.028, p < 0.05) and Hypothesis 4 (Index of moderated mediation = 0.008, Boot SE = 0.004,
95%CI = [0.001, 0.018]).
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Table A3. The conditional indirect effect of circadian rhythm on delinquent credit card payments.
Time Preference
Variables
Constant
Age
Male
Married
Education
Circadian rhythm
General financial preference
Monthly income
Time preference
Monthly income × Time
preference
R2
Pseudo R2
Number of observations
Moderator: Monthly income
Low (−1 SD from mean)
Average (0 SD from mean)
High (+1 SD from mean)
Index of moderated mediation
Mediator
Time preference

Delinquent Credit Card Payments

Coefficient

SE

t

Coefficient

SE

z

−9.431 ***
0.600 **
−1.053 ***
−0.429
0.881 ***
0.127 ***
0.165 *

1.509
0.277
0.281
0.326
0.276
0.024
0.087

−6.251
2.168
−3.747
−1.317
3.195
5.316
1.893

0.687 ***
0.092
−0168
0.186
−0.127
−0.057 ***
0.126 *
0.120
−0.107 ***

1.151
0.225
0.223
0.260
0.200
0.017
0.067
0.107
0.040

0.597
0.407
−0.756
0.716
−0.633
−3.372
1.899
1.124
−2.713

0.065 **

0.028

2.343

0.166
0.054
455

455
Bootstrapping indirect effect
−0.023
−0.014
−0.005
Index
0.008

Boot SE
0.009
0.006
0.006

95% CI (LL, UL)
−0.043
−0.008
−0.027
−0.004
−0.017
0.007

Boot SE
0.004

95% CI (LL, UL)
0.001
0.018

Note: Unstandardized regression coefficients are reported; bootstrap sample size = 50,000. CI = confidence interval;
LL = low limit; UL = upper limit. * indicates p < 0.1, ** indicates p < 0.05, and *** indicates p < 0.01.

Finally, we examined whether financial risk preference mediates the relationship between
circadian rhythm and the likelihood of investments in the stock market. Table A4 shows the results
(bootstrapping coefficient of indirect effect = 0.010, bootstrapping SE = 0.006, 95% CI = [0.0002, 0.022])
that support Hypothesis 6.
Table A4. The mediating effect of general risk preference on the relationship between circadian rhythm
and stock market participation.
General Risk Preference

Stock Market Participation

Variables

Coefficient

SE

t

Coefficient

SE

z

Constant
Circadian rhythm
Age
Male
Married
Education
Monthly income
Time preference
General risk preference
R2
Pseudo R2
Number of observations
Mediator General risk preference
Indirect effect

4.534 ***
0.026 *
−0.244
0.732 ***
0.082
−0.213
0.389 ***
0.066 **

0.924
0.013
0.171
0.166
0.201
0.144
0.085
0.031

4.907
1.959
−1.426
4.412
0.410
−1.481
4.608
2.098

−5.454 ***
0.007
0.112
0.524 **
0.511 **
0.659 ***
0.072
−0.020
0.380 ***

1.293
0.018
0.238
0.239
0.260
0.218
0.111
0.041
0.068

−4.218
0.382
0.472
2.196
1.964
3.030
0.646
−0.497
5.601

0.126
455
Bootstrapping effect
0.010

0.125
455
Boot SE
0.006

95% CI (LL, UL)
0.0002
0.022

Note: Unstandardized regression coefficients are reported; bootstrap sample size = 50,000. CI = confidence interval;
LL = low limit; UL = upper limit. * indicates p < 0.1, ** indicates p < 0.05, and *** indicates p < 0.01.

To summarize, after changing the measures of morningness-eveningness, and the measure of risk
preference, the results are robust and support the findings in the benchmark analysis.
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