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Abstract

Sleep deprivation is emerging as a prevalent issue confronting individuals;
however, extant research has seldom connected sleep deprivation with con-
sumer behavior. This study utilizes large-scale individual-level consumer data
(N=1625472) from real-world shopping contexts to investigate the relationship
between sleep deprivation and shopping regret through econometric model-
ing. The findings demonstrate that sleep deprivation significantly augments
consumers’ propensity for shopping regret, behaviorally manifested through
increased product return probability and accelerated product return speed.
Moreover, product price positively moderates the effect of sleep deprivation on
shopping regret, while promotional discount proportion negatively moderates
the effect of sleep deprivation on shopping regret.
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1 Introduction

Sleep deprivation, also commonly referred to as insufficient sleep, has become a
widespread social phenomenon. According to sleep duration recommendations
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from the National Sleep Foundation, approximately 35% of adults worldwide ex-
perience sleep deprivation (Hirshkowitz et al., 2015). The 2020 China Sleep In-
dex Report indicates that over 300 million people in China currently suffer from
sleep disorders, with young people facing particularly acute sleep-related issues.
Extensive research has explored the consequences of sleep deprivation. In terms
of physical health, sleep deprivation affects the immune system (Spiegel et al.,
2002), metabolic function (Knutson et al., 2007), cognitive abilities (Durmer
& Dinges, 2005), and emotional states (Borbély & Wirz—Justice, 1982). In
daily behavioral performance, sleep deprivation leads to more workplace acci-
dents (Barnes & Wagner, 2009; Yam et al., 2020) and unethical behavior in the
workplace (Akerstedt et al., 2007; Barnes et al., 2011; Wagner et al., 2012).

Nevertheless, few studies have directly examined the impact of sleep deprivation
on consumer decision-making behavior. According to surveys, approximately
27% of consumers frequently shop during sleep-deprived periods. To cater to this
trend, numerous online shopping platforms often schedule major promotional
events to begin at midnight (e.g., JD.com’ s “618” and Taobao’ s “Double
11”7 sales). However, people often advise, “Don’ t make any decisions late at
night, or you’ 1l regret it.” Similar proverbs exist in Western cultures, such as
“Nothing good happens after midnight.” This suggests that people frequently
associate late-night hours with regret. The question then arises: Are consumers
more likely to experience shopping regret after making purchases during sleep-
deprived late-night hours?

To address this question, this study employs large-scale individual-level data
(N=1,625,472) provided by a major domestic retail website to conduct empiri-
cal research. Leveraging the platform’ s recorded reasons for consumer returns,
we measure shopping regret using two dimensions of real shopping behavior
data: return choice and return speed. First, we systematically analyze the im-
pact of sleep deprivation on consumer shopping regret (return choice and return
speed) by establishing Logit binary choice models and Cox proportional hazard
models. We then further explore moderating effects that may influence this
relationship. Since price information and promotional information are the two
most common and salient environmental cues consumers face during shopping
decisions, we examine the moderating role of these two factors: product price
and the proportion of promotional discounts relative to total purchase amount.
Through empirical analysis of large-scale data from real online shopping con-
texts, this study effectively extends research on sleep deprivation in the domain
of consumer decision-making behavior.

1.1 The Impact of Sleep Deprivation on Cognition and
Decision-Making

Human cognition and decision-making are closely linked to the systems that reg-
ulate sleep and wakefulness. Research indicates that human sleep-wake cycles
are regulated by multiple biological mechanisms, including circadian rhythms
(Saper et al., 2005) and sleep-wake homeostasis (Benington, 2000). These bi-
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ological mechanisms collectively control when people feel sleepy and need rest
(Borbély, 1982). Sleep deprivation refers to an individual’ s lack of sufficient
sleep duration or quality to maintain normal physiological performance. The
main causes of sleep deprivation fall into two categories. The first involves
internal physiological factors, such as sleep apnea (Zammit & Zanca, 1998),
melatonin secretion disorders (Shilo et al., 2000), and primary and secondary
insomnia (Morphy et al., 2007). The second category primarily involves exter-
nal interference factors, such as poor sleep habits (Hershner & Chervin, 2014)
and environmental noise (Wesselius et al., 2018). In recent years, internet and
smart device usage has gradually become an important factor affecting sleep
(Lanaj et al., 2014). According to Hershner and Chervin (2014), 67% of respon-
dents use smartphones before bedtime, with additional usage rates of 60% for
computers, 43% for music devices, and 18% for video games. Internet-related
device usage significantly increases the risk of sleep deprivation (Alshobaili &
AlYousefi, 2019).

The earliest research on sleep deprivation and cognition dates back to the late
19th century, when Patrick and Gilbert (1896) demonstrated through pioneering
experimental studies that sleep loss creates a special connection with individual
metabolism and neural activity. Subsequent research has deeply explored the
relationship between sleep deprivation and numerous cognitive domains, includ-
ing attention, memory, information processing capacity, and reasoning ability
(see reviews in Durmer & Dinges, 2005; Lim & Dinges, 2010; Qian et al., 2020).
Extensive research shows that the cognitive decline caused by sleep deprivation
increases various decision-making risks. For example, May and Kline (1987)
studied military personnel after two nights of sleep deprivation and found that,
even without additional physical fatigue, participants’ performance on creative
thinking and flexible decision-making tasks significantly deteriorated. Harrison
and Horne (1999) discovered that subjects who experienced one night of sleep
deprivation were more likely to fail in a marketing strategy simulation game.
Organizational research has found that sleep deprivation increases employees’
unethical behavior in the workplace the following day (Akerstedt et al., 2007;
Wagner et al., 2012). Yam et al. (2020) found that sleep deprivation caused
by Asian audiences watching late-night football matches increased traffic acci-
dent rates the following day. Kolla et al. (2021) demonstrated that in the week
following the start of daylight saving time in the United States (which reduces
sleep by one hour), sleep deprivation increased medical errors by 4.2% to 8.8%.

Although existing sleep deprivation research has covered medical, military, and
organizational domains, few studies have directly examined its impact on con-
sumer decision-making behavior (Huang et al., 2019). With the rapid devel-
opment of online shopping, consumers increasingly shop during sleep-deprived
periods. Against this background, this study explores the relationship between
sleep deprivation and consumer shopping regret. Building on this foundation,
we further consider the moderating effects of two shopping environmental cues
(see research framework in Figure 1 [Figure 1: see original paper]).
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1.2 The Impact of Sleep Deprivation on Shopping Regret

Regret is a negative emotional manifestation in cognition (Gilovich & Medvec,
1995). Regret can target past events (retrospective regret) or future possible
events (anticipatory regret). Consumer post-purchase regret falls into the cat-
egory of retrospective regret. Shopping regret is detrimental to businesses be-
cause consumers who experience it typically generate negative word-of-mouth
(Tsiros & Mittal, 2000), reduce repurchase intentions (Zeelenberg & Pieters,
2004), or switch to alternative products (Zeelenberg & Pieters, 1999).

Regret plays a very important role in consumer decision-making (Venkatesan
& Kumar, 2004). Averse to regret, consumers adjust their actions to maximize
short-term and long-term benefits, thereby mitigating the impact of this neg-
ative emotion (Cases, 2002). When regret occurs, consumers recall mistakes
made and opportunities lost, and desire a second chance to correct errors and
restore the situation (Hetts et al., 2000). Therefore, one key consumer demand
after experiencing regret is the desire to reverse the decision that triggered the
regrettable outcome. In most consumption contexts, product returns represent
a primary means of reversing the initial purchase decision to reduce shopping
regret. By returning products to retailers to eliminate losses from the purchase
decision, returns can alleviate consumers’ shopping regret from purchasing un-
satisfactory products (Dunne et al., 2013; Li et al., 2013).

Does sleep deprivation affect shopping regret? Related research indicates that
the main causes of shopping regret include insufficient consideration during
shopping (Lee & Cotte, 2009), inadequate information collection (Janis & Mann,
1977), and failure to follow original shopping plans (Pieters & Zeelenberg, 2005).
In summary, these decision-making processes are closely related to the use of
cognitive resources. According to Baumeister et al.” s (2000) “ego depletion”
theory, human cognitive resources are limited. For most people, cognitive re-
sources are typically highest upon waking in the morning and inevitably deplete
gradually throughout the day as various tasks are performed, ultimately lead-
ing to decreased self-control and regulation abilities (Muraven & Baumeister,
2000). When individuals are in a state of cognitive resource depletion, they
struggle to avoid impulsive or counterproductive behaviors that are detrimental
to themselves (Marcus & Schuler, 2004; Dou et al., 2014).

Sleep has a crucial impact on cognitive resource recovery (Hursh et al., 2004).
Ghumman and Barnes (2013) noted that cognitive resources are restored during
sleep, thereby helping people enhance their ability to suppress biases. Barnes
et al. (2011) found that reduced sleep duration causes cognitive fatigue, which
increases unethical behavior. In a more direct experimental study, researchers
asked a group of smokers to consume cognitive resources by controlling their
urge to smoke. Compared to participants not required to quit, those required to
quit performed significantly worse on subsequent tasks. However, when these
participants slept, their task performance improved substantially (Parrott et
al., 1996). In addition to behavioral evidence, neurological research also corrob-
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orates sleep’ s role in restoring cognitive resources. Related studies show that
the prefrontal cortex is crucial for individual self-regulation functions (Kaplan
& Berman, 2010). During sleep deprivation, the metabolic rate of the prefrontal
cortex drops sharply, reducing its executive function capacity (Schnyer et al.,
2009). Therefore, individuals experiencing sleep deprivation are more likely to
make impulsive decisions because they lack sufficient rest to restore cognitive
resources (Baumeister, 2010). In the context of this study, we speculate that
when consumers shop during sleep-deprived periods, they are more likely to
make impulsive or unplanned purchase decisions due to insufficient cognitive re-
sources, thereby increasing the likelihood of experiencing shopping regret later.
Based on this inference, we propose Hypothesis 1:

Hypothesis 1: Compared to other times of day, consumers are more likely to
experience shopping regret after shopping during sleep-deprived periods.

1.3 Moderating Effects of Shopping Environmental Cues:
Price and Promotion

Next, we explore the boundary conditions of the relationship between sleep
deprivation and shopping regret. Since price information and promotional in-
formation are the two most common and salient environmental cues consumers
face during shopping decisions, we primarily discuss the moderating role of these
two factors. First is the price factor. Compared to low-priced products, high-
priced products create higher perceived risk for consumers, thereby increasing
involvement in the selection process (Bloch & Richins, 1983). Existing research
indicates that high-priced products stimulate consumers to engage in more com-
plex decision-making processes. For example, when selecting high-priced prod-
ucts, consumers invest more time and effort searching for external information,
considering larger candidate product sets, and comparing features across dif-
ferent products or shopping platforms (Beatty & Smith, 1987; Celsi & Olson,
1988; Divine, 1995; Ratchford, 1982). These processes undoubtedly consume
more cognitive resources during shopping. Therefore, when consumers happen
to be in a sleep-deprived state with limited cognitive resources, they are more
likely to make erroneous decisions leading to shopping regret. We thus specu-
late that product price may positively moderate the relationship between sleep
deprivation and shopping regret. In summary, we propose Hypothesis 2:

Hypothesis 2: Product price positively moderates the relationship between
sleep deprivation and shopping regret; that is, when consumers purchase higher-
priced products, their tendency to experience shopping regret after shopping
during sleep-deprived periods increases.

Second, we consider the influence of promotional cues. According to classic con-
sumer decision-making theory, after making decisions, people have strong moti-
vation to prove to themselves or others that their decisions were correct (Simon-
son, 1989). In daily life, consumers frequently consider providing “reasonable”
justifications or explanations for their previous purchase decisions, which further
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influences their subsequent attitudes and behaviors (Simonson & Nowlis, 2000).
Since consumers shopping during sleep-deprived periods are more likely to regret
their previous impulsive decisions, they have stronger motivation to provide a
“reasonable” justification for their shopping decisions, thereby increasing their
tendency to retain those decisions (Shafir et al., 1993). We speculate that if
consumers obtain substantial promotional discounts during purchase, especially
when the discount proportion relative to total payment is high, their regret
tendency and return probability may decrease. One justification is economic:
when promotional discounts are substantial, consumers perceive lower costs and
thus consider the same product more cost-effective (Choi et al., 2014). Another
justification is emotional: Schindler (1998) demonstrated that beyond economic
factors, obtaining promotional discounts also increases consumers’ sense of re-
sponsibility, thereby promoting positive emotional and behavioral consequences
toward products.

In summary, we propose Hypothesis 3:

Hypothesis 3: Promotional discount proportion negatively moderates the rela-
tionship between sleep deprivation and shopping regret; that is, when consumers
obtain higher promotional discount proportions during shopping, their tendency
to experience shopping regret after shopping during sleep-deprived periods de-
creases.

2.1 Data Source and Description

Our research data comes from a major domestic e-commerce retail website. The
dataset contains individual consumer-level behavioral data from June 1 to July
31, 2021, with a sample size of 1,625,472 records. The dataset primarily includes
information related to consumer purchases, returns, promotional participation,
and demographics.

Purchase data includes buyer information, purchase time (precise to the minute),
and product ID for each order. Using minute-level purchase time informa-
tion, we can distinguish orders generated during sleep-deprived versus non-sleep-
deprived periods. Following Kanuri et al.” s (2018) classification standard, we
categorize orders placed between 12:00 A.M. and 5:59 A.M. as sleep-deprived
period shopping, while orders placed between 6:00 A.M. and 11:59 P.M. are
classified as non-sleep-deprived period shopping. Figure 2 [Figure 2: see orig-
inal paper] details consumer shopping frequency across different time periods.
Panel (a) shows that consumer shopping volume during the sleep-deprived early
morning period (12:00 A.M. to 5:59 A.M.) is significantly lower than during
other periods. Panel (b) further reveals that shopping volume drops rapidly
after 12:00 A.M. and only begins to rise after 6:00 A.M., gradually returning
to a relatively stable state. This pattern suggests that most consumers sleep
between 12:00 A.M. and 5:59 A.M., and those shopping during this period are
more likely to experience sleep deprivation.

Thanks to the platform’ s survey function during consumer returns, we can
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measure shopping regret using real behavioral performance. When consumers
click the return option on the website, a survey question automatically pops up:
“Please select the reason for return (required).” Consumers must select a reason
before submitting their formal return request. One option is “no longer want
it,” and when consumers select this option, the behavior generates a return
data record representing shopping regret in our dataset. The dataset tracks
whether consumers generate returns due to shopping regret within ten days after
purchase. Using this information, we can depict consumers’ regret patterns over
time after shopping. As shown in Figure 3 [Figure 3: see original paper], return
rates gradually decline over time. On the first day after purchase, the return rate
is far higher than on subsequent days, reaching 3.47%. Subsequently, the return
rate drops rapidly to 0.98% on the second day, then gradually decreases to 0.15%
by the tenth day. This return pattern aligns with retrospective shopping regret
behavior following impulse purchases (Li et al., 2013; Zeelenberg & Pieters,
2007).

Figure 4 [Figure 4: see original paper| further displays regret patterns for pur-
chases made during sleep-deprived versus non-sleep-deprived periods. We can
intuitively observe that if consumers shopped online during sleep-deprived peri-
ods, their return rate on the first day after purchase is significantly higher than
for those who shopped during non-sleep-deprived periods (5.29% vs. 3.40%). As
the time interval increases, the return rates triggered by the two groups grad-
ually converge. This phenomenon preliminarily indicates that consumers who
shop during sleep-deprived periods are more likely to quickly recognize their
impulsive consumption behavior and subsequently experience shopping regret.

Additionally, we obtained data on consumers’ participation in lottery-style pro-
motional activities initiated by banks during the payment process. When con-
sumers enter the payment page during shopping and choose to pay by bank
card, they simultaneously participate in a “random discount up to 188 yuan”
promotion. This promotion provides a random discount on consumers’ original
payment amount, ranging from 0.01 to 188 yuan. The specific discount amount
is displayed to consumers after payment completion. Upon completion, the
dataset generates a corresponding record containing the consumer’ s payment
time, payment amount, and discount amount.

2.2 Variable Description

Based on the raw data, we constructed variables for subsequent empirical anal-
ysis. Table 1 summarizes and describes the main variables.

(1) Dependent variables. This study uses consumer return behavior to
measure shopping regret. We constructed two dependent variables related
to return behavior. The first dependent variable is consumer return choice:
whether the consumer chooses to return within ten days after purchase (bi-
nary variable; 1 = return, 0 = no return). The second dependent variable
is consumer return speed: the number of days between return time and
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purchase time for consumers who choose to return (continuous variable;
1, -, 10 days).

(2) Independent variable. We use shopping time period to measure
whether customers experienced sleep deprivation during shopping. Fol-
lowing Kanuri et al.” s (2018) research, if a consumer’ s purchase time falls
between 12:00 A.M. and 5:59 A.M., we consider them to have experienced
sleep deprivation and assign the independent variable a value of 1; if
purchase time falls between 6:00 A.M. and 11:59 P.M., we consider them
not to have experienced sleep deprivation and assign the variable a value
of 0. Thus, our independent variable is binary (1 = sleep deprivation; 0
= non-sleep deprivation).

(3) Moderating variables. To examine the moderating effects of shopping
environmental cues, we constructed two related moderating variables. The
first is product price. The second is promotional discount ratio: the ratio
of discount amount obtained during bank card promotional activities to
total payment amount.

(4) Control variables. We also constructed a series of control variables to ac-
count for other factors that might potentially affect results. First, discount
amount directly affects the monetary cost consumers pay when shopping,
which may influence regret levels. Second, when shopping websites are in
major promotional periods (e.g., the “618” promotion season), consumers
are more likely to engage in impulse buying, potentially increasing shop-
ping regret tendencies. Therefore, we constructed a website promotion
period control variable, assigned a value of 1 during major promotional
periods and 0 otherwise. Finally, we constructed two consumer individual
characteristic variables: customer gender (binary variable; 1 = male, 0 =
female) and customer type (categorical variable; 1 = new user, 2 = regular
user, 3 = old user).

Table 2 presents descriptive statistics for the main variables. Among all
1,625,472 shopping orders, 114,237 orders were returned due to shopping
regret. Over half of return behaviors occurred on the first day after purchase
(accounting for 51.06%), with an average return speed of 2.78 days after
purchase. Sleep-deprived period shopping (12:00 A.M. to 5:59 A.M.) accounts
for 9.1% of all orders, with remaining orders generated during other periods
(6:00 A.M. to 11:59 P.M.). For moderating variables, the average product
price is 275.346 yuan, and the average promotional discount ratio obtained
from bank card promotions is approximately 2.2%. For control variables, the
average discount amount from bank card promotions is 0.587 yuan; 28.4% of
orders occurred during major website promotional periods; 62.5% of consumers
are male; and regular users, new users, and old users account for 57.2%, 1.00%,
and 41.9% respectively.
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3.1 The Impact of Sleep Deprivation on Shopping Regret

The first part of the empirical analysis examines the relationship between sleep
deprivation and shopping regret. We use two dependent variables to measure
shopping regret: return choice and return speed. First, we analyze the impact
of sleep deprivation on return choice. Since return choice is a binary dependent
variable (1 = return, 0 = no return), we employ a Logit regression model to
estimate customers’ return probability as follows:

. exp(Uy)
Py, =1) = T+ oxp(U)

U=ay+oaz;+Zp+e, (1)

In Model (1), the dependent variable y; represents customer return choice, tak-
ing a value of 1 when the customer chooses to return and 0 when they do not.
The independent variable x; represents sleep deprivation, taking a value of 1
when purchase time falls in the sleep-deprived period (12:00 A.M. to 5:59 A.M.)
and 0 when purchase falls in the non-sleep-deprived period (6:00 A.M. to 11:59
P.M.). Z; is a vector containing a series of control variables: product price (in
thousand yuan), promotional discount ratio, discount amount (in yuan), website
promotion period, customer gender, customer type, and time effects (Monday
through Sunday).

Table 3 presents the Logit regression results. Panel A shows results for the full
sample, while Panel B shows results after removing samples from the platform’
s June 18 promotional event. Since the shopping platform may have initiated
many promotional activities at midnight during the June 18 promotion period,
potentially creating within-sample bias for the sleep deprivation effect, we em-
ploy two methods to control for this influence. In Panel A, we use the full sample
and include a control variable representing website promotion period; in Panel
B, we remove June 18 samples from the full sample. We also attempted remov-
ing samples from three and five days before and after June 18. All regression
results indicate that the sleep deprivation coefficient is positive and significant.

Table 3 reports marginal effects at sample means. We find that the indepen-
dent variable sleep deprivation has a positive and significant coefficient estimate
(b = 0.0136, p < 0.001, 95% CI = [0.0122, 0.0150]), indicating that when cus-
tomers shop during sleep-deprived periods (12:00 A.M. to 5:59 A.M.), they have
a higher probability of choosing to return. According to the regression results,
sleep deprivation’ s marginal contribution to return rate at sample means is
approximately 1.36%. To more intuitively illustrate the effect size, we can com-
pare the coefficients of sleep deprivation and discount amount (yuan) (0.0136
vs. -0.0006), which means offsetting the impact of sleep deprivation on returns is
equivalent to increasing promotional discount by approximately 23 yuan (0.0136
/ -0.00061 -23 yuan). Based on descriptive statistics (Table 2), the average
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promotional discount amount businesses actually provide is only 0.587 yuan,
making a 23-yuan increase nearly impossible for businesses to bear as a promo-
tional cost. This demonstrates that the impact of sleep deprivation on customer
return choice is non-negligible.

Other control variable results also align with expectations: higher product prices
lead to higher return rates (b = 0.0087, p < 0.001); larger discount amounts
lead to lower return rates (b = -0.0006, p = 0.006); return rates increase during
website promotional periods (b = 0.0109, p < 0.001); customer gender has no
significant effect on return rates (b = -0.0003, p = 0.525); and old users have
higher return rates than new and regular users (b = 0.0098, p < 0.001).

A further empirical challenge arises from heterogeneity among consumers shop-
ping at different times and potential sample self-selection bias—our findings
may not stem from sleep deprivation but rather from the possibility that con-
sumers who habitually stay up late are more prone to regret after shopping.
Although we cannot strictly rule out this possibility, we can employ propensity
score matching (PSM) to select and match samples, constructing “treatment”
and “control” groups that are as similar as possible, thereby minimizing sample
selection bias and verifying the robustness of empirical results (Rosenbaum &
Rubin, 1983).

Using PSM, we adopt multi-dimensional matching to find non-sleep-deprived pe-
riod samples similar to sleep-deprived period samples. When calculating propen-
sity scores using a Logit model, we include all control variables contained in Z,
in Model (1) as covariates in the matching model. We then use nearest neigh-
bor matching (1:1 with and without replacement), nearest neighbor matching
(1:4), and spline matching to calculate the average treatment effect of sleep
deprivation. Using multiple matching methods to calculate average treatment
effects can test result robustness. Appendix Table 2 shows sample balance af-
ter matching, with standardized bias for all variables between treatment and
control groups substantially reduced, averaging only 1.14%.

Table 4 reports average treatment effects of sleep deprivation from different
matching methods. Results show that effects from all four matching methods
are significant at p < 0.001. The average treatment effects from nearest neigh-
bor matching (1:1, with replacement), nearest neighbor matching (1:1, without
replacement), nearest neighbor matching (1:4), and spline matching are 0.0118,
0.0149, 0.0112, and 0.0141 respectively, with a mean of 0.0130. These results
are all very close to the sleep deprivation estimate of 0.0136 in Table 3, thus
proving the robustness of the original regression results.

Table 5 reports regression results using different sleep deprivation coding meth-
ods. Panel A divides time into four categories: early morning (12:00 A.M.-5:59
A.M.), morning (6:00 A.M.-11:59 A.M.), afternoon (12:00 P.M.-5:59 P.M.), and
evening (6:00 P.M.-11:59 P.M.). Since evening is the main shopping period, we
use evening (6:00 P.M.-11:59 P.M.) as the baseline for regression analysis. Re-
sults show that afternoon shopping return rates show no significant difference
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(b = 0.0008, p = 0.094), while morning shopping return rates are only slightly
higher (b = 0.0029, p < 0.001). However, return rates increase significantly
during the early morning period (b = 0.0149, p < 0.001).

Panel B further uses hourly coding, dividing time into 24 hours. Again us-
ing evening (8:00 P.M.-8:59 P.M.) as the main shopping period baseline, re-
sults show that return rates are highest for shopping during the midnight hour
(12:00 A.M.-0:59 A.M.), increasing by 2.24% compared to evening (8:00 P.M.-
8:59 P.M.). The next highest periods are subsequent early morning hours (1:00
A M.-4:59 AM.), when return probabilities increase by over 1% compared to
evening (8:00 P.M.-8:59 P.M.). Additionally, all morning period return proba-
bilities are slightly higher than evening (8:00 P.M.-8:59 P.M.), until after 3:00
P.M. when return rates gradually decline to levels not significantly different from
evening (8:00 P.M.-8:59 P.M.). These results further corroborate the impact of
sleep deprivation on shopping regret.

To further substantiate the causal relationship between sleep deprivation and
shopping regret, we conducted two subsample regression analyses, with results
shown in Table 6 . First, we obtained two additional product categories from the
data provider: hedonic products prone to impulse consumption (beauty prod-
ucts) and utilitarian products less prone to impulse consumption (refrigerators).
Since sleep deprivation reduces consumers’ cognitive resources and self-control,
it should more likely increase return rates for hedonic products through impulse
consumption, while the impact on utilitarian products may be relatively smaller.
Empirical results align with our expectations: the impact of sleep deprivation
on hedonic products (b = 0.0306, p < 0.001) is significantly higher than on
utilitarian products (b = 0.0122, p = 0.313).

Second, we divided the original data into weekday and weekend subsamples for
separate regression. We can expect that for most working consumers, late-night
shopping during weekdays more easily produces sleep deprivation, while sleep
deprivation may be relatively less severe during weekend rest periods. Empirical
results in Table 6 align with our expectations: the impact of sleep deprivation
on return choice is higher during weekdays (b = 0.0176, p < 0.001) than during
weekends (b = 0.0123, p < 0.001). These subsample regression results further
theoretically substantiate the mechanism through which sleep deprivation affects
shopping regret.

Next, we analyze the relationship between sleep deprivation and return speed.
Since the dependent variable represents duration, we use a proportional hazard
model for analysis (Gilovich & Medvec, 1995). This model can jointly analyze
both the terminal event and the time experienced until the terminal event occurs.
The specific model is as follows:
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U, =Bo+Bx; + 2,6 +e, (2)

In Model (2), the dependent variable A(t) represents the hazard rate of product
return at time ¢ for a shopping order. The independent variable x,; represents
sleep deprivation, taking a value of 1 when purchase time falls in the sleep-
deprived period (12:00 A.M. to 5:59 A.M.) and 0 when purchase falls in the
non-sleep-deprived period (6:00 A.M. to 11:59 P.M.). Z; is a vector containing
a series of control variables: product price, promotional discount ratio, discount
amount, website promotion period, customer gender, customer type, and time
effects (Monday through Sunday).

Table 7 presents Cox proportional hazard model regression results. We report
both coefficient estimates and corresponding hazard ratios. The independent
variable sleep deprivation has a positive and significant coefficient estimate (b
= 0.1943, p < 0.001), with a corresponding hazard ratio greater than 1 (hazard
ratio = 1.2144, 95% CI = [1.1924, 1.2369]). This result indicates that sleep
deprivation leads to higher return risk, meaning the terminal event (return)
occurs after a shorter “survival” time. Under other constant conditions, sleep
deprivation increases return risk by 21.44% above the baseline.

Figure 5 [Figure 5: see original paper] visually demonstrates this result through
Kaplan-Meier survival curves. The figure shows that the survival curve for sleep
deprivation declines faster than for non-sleep deprivation, indicating that risk
events (returns) occur earlier after shopping during sleep-deprived periods.

In summary, the series of analytical results support Hypothesis 1: compared to
non-sleep-deprived periods, customers are more likely to experience shopping
regret after shopping during sleep-deprived periods.

3.2 Moderating Effects of Shopping Environmental Cues

This section analyzes the moderating effects of shopping environmental cues
on the relationship between sleep deprivation and shopping regret. Based on
our research hypotheses, we specifically examine the moderating role of two
variables: product price and promotional discount ratio.

Building on Model (1), we separately add interaction terms between sleep de-
privation and these two moderating variables for regression analysis. Table 8
shows results after adding moderating effects. First, the interaction term be-
tween sleep deprivation and product price is positive and significant (b = 0.0030,
p < 0.001). This result indicates that product price positively moderates the
relationship between sleep deprivation and shopping regret; that is, when con-
sumers purchase higher-priced products, their tendency to experience shopping
regret after shopping during sleep-deprived periods increases. Hypothesis 2 is
supported.
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Second, the interaction term between sleep deprivation and promotional dis-
count ratio is negative and significant (b = -0.0227, p = 0.032). This result
indicates that promotional discount ratio negatively moderates the relationship
between sleep deprivation and shopping regret; that is, when consumers obtain
higher promotional discount ratios during shopping, their tendency to expe-
rience shopping regret after shopping during sleep-deprived periods decreases.
Hypothesis 3 is supported.

4.1 Research Conclusions

In recent years, sleep problems have become a widespread social phenomenon.
Meanwhile, consumers shopping during sleep-deprived periods has also increased
substantially. Does sleep deprivation affect consumer shopping regret? Based
on large-sample data (N = 1,625,472) from a major domestic shopping website,
this study empirically explores the relationship between sleep deprivation and
shopping regret, as well as the moderating role of promotional cues experienced
during shopping. The main findings are as follows.

First, we find that sleep deprivation has a significant positive impact on shopping
regret. Logit model regression results show that compared to non-sleep-deprived
periods (6:00 A.M. to 11:59 P.M.), customers who shop during sleep-deprived
periods (12:00 A.M. to 5:59 A.M.) are more likely to subsequently choose to
return products. Calculations show that sleep deprivation’ s marginal contribu-
tion to return probability is approximately 1.36%. Moreover, sleep deprivation
results remain robust after multiple empirical method tests including propen-
sity score matching, different sleep deprivation coding methods, and subsample
regressions. Additionally, Cox proportional hazard model analysis also indi-
cates that sleep deprivation leads to higher return risk. Under other constant
conditions, sleep deprivation increases return risk by 21.44% above the baseline.

Second, we find that environmental cues experienced during shopping can mod-
erate the impact of sleep deprivation on shopping regret. We analyzed two
shopping environmental cues: product price and promotional discount ratio.
Results show that product price positively moderates the relationship between
sleep deprivation and shopping regret, while promotional discount ratio nega-
tively moderates this relationship.

4.2 Theoretical Contributions

This paper’s theoretical contributions are mainly reflected in three aspects. First,
our findings help understand how sleep deprivation affects consumer shopping
regret behavior. Given the prevalence of sleep deprivation, existing research has
widely revealed its negative health impacts, such as depression (Chellappa et al.,
2009), cardiovascular disease (Mullington et al., 2009), and dementia (Foley et
al., 2003). Other research has focused on sleep deprivation’ s impact on individ-
ual cognition, such as decreased creativity (Harrison & Horne, 1999), memory
impairment (Chee & Choo, 2004), and risk decision biases (Venkatraman et
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al., 2007). Although these studies provide insights for consumer behavior, they
mainly focus on general decision-making tendencies, with few directly analyzing
sleep deprivation’ s impact on consumer behavior (Huang et al., 2019). Our
study supplements consumer behavior research by analyzing the relationship
between sleep deprivation and return behavior.

Second, this study expands research on circadian rhythms in the marketing
domain. In recent years, marketing scholars have gradually begun to focus on
heterogeneous impacts of different times of day on consumer behavior. For
example, Kanuri et al. (2018) found that social media content posted in the
morning receives approximately 8.8% and 11.1% more clicks than content posted
in the afternoon and evening. Gullo et al. (2019) found that consumers show
lower variety-seeking tendencies for product types in the morning compared
to other times of day. This paper supplements circadian rhythm theory in
marketing from the perspective of consumer shopping regret and returns.

Third, this study’ s conclusions expand measurement methods for consumer
shopping regret. Shopping regret is a negative emotional state for consumers.
Since return behavior can help consumers regulate this emotional state by re-
versing their initial purchase decision, returns represent a primary behavioral
manifestation of shopping regret. By leveraging the shopping website’ s survey
function during consumer returns and using large-scale objective behavioral data
to measure shopping regret, this approach has two main advantages: first, both
the independent variable (sleep deprivation) and dependent variable (shopping
regret) are generated in real contexts, providing higher external validity than
traditional survey and experimental data; second, regression estimation with
large-sample data can yield more stable effect sizes regarding the relationship
between sleep deprivation and shopping regret.

4.3 Managerial Implications

This study’” s conclusions provide the following implications for consumers and
businesses. For consumers, they should minimize shopping during the 12:00
A .M. to 5:59 A.M. period. The cognitive impairment caused by sleep deprivation
makes consumers more prone to impulse shopping during this period, thereby
bearing greater shopping risks and experiencing more anticipatory regret and
return behavior. If shopping during this period is unavoidable, consumers should
pay more attention to central information about products and promotions, and
adopt more rational and deliberative thinking patterns when making purchase
decisions.

For businesses, increased consumer shopping regret and return rates not only
raise management costs but also harm customer relationship building and main-
tenance. Therefore, businesses should control the negative impacts of sleep de-
privation. First, shopping websites could consider adjusting promotional event
times from sleep-deprived periods to other periods. For example, websites could
shift “618” and “Double 11”7 events from traditional midnight start times to
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prime evening hours between 8:00 P.M. and 12:00 A.M. This adjustment could
prevent consumers from staying up late to shop, increase rational consump-
tion, and reduce shopping regret and return tendencies. Second, for consumers
accustomed to shopping during sleep-deprived periods, businesses should pro-
vide more attention and targeted strategies. For instance, during consumers’
shopping processes, provide more product and promotional cues that stimulate
rational decision-making. Additionally, for consumers and dates predicted to
have high return risk rates, businesses could send targeted messages conveying
product intrinsic value to reduce regret and return tendencies.

4.4 Research Limitations and Future Directions

Future research could consider several directions. First, future studies could
use other measurement methods (e.g., survey and experimental methods),
other variables (e.g., repurchase intention, brand switching, negative reviews),
and other return reasons (e.g., “wrong/extra product selected,” “did not
use/underuse/misuse discounts” ) to measure shopping regret, further verifying
the relationship and underlying mechanisms between sleep deprivation and
shopping regret. Second, beyond shopping regret, sleep deprivation may affect
other forms of consumer behavior. For example, due to weakened cognitive
abilities, consumers may be less sensitive to marketing cues requiring delibera-
tive thinking (e.g., numbers, text) while heuristic marketing cues (e.g., colors,
endorsers) may be more effective. Third, our study uses real individual-level
consumer data, which has the advantage of high external validity and practical
business implications. However, the disadvantage of using secondary data is the
difficulty in revealing the mediating mechanisms between sleep deprivation and
shopping regret from a consumer psychological perspective. Future research
could consider using experimental manipulation methods to further analyze
mediating mechanisms underlying this relationship. Finally, due to businesses’
confidentiality requirements for consumer data, our empirical data has limited
dimensions at the individual consumer level. For example, existing research
has found that sleep deprivation affects different age groups differently (Webb
& Levy, 1982). Future research could further analyze heterogeneous effects of
sleep deprivation on different consumer populations.
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Sleep Deprivation and Post-Purchase Regret: An Empirical Study
Based on Large-Scale Individual-Level Data

GONG Shiyang', ZHANG Yibo?, GAO Yuetao?
(! Business School, Beijing Normal University, Beijing 100875, China)
(2 School of Management, Xiamen University, Xiamen 361005, China)

Abstract: Sleep problems have become a very common phenomenon in modern
society, but few studies have directly explored the impact of sleep deprivation on
consumer choice and decision-making behavior. This study combines the com-
mon late-night shopping scene in the current market with ego-depletion theory.
We speculate that when consumers shop during sleep-deprived periods, they
are more likely to make impulsive or unplanned purchases due to insufficient
cognitive resources, leading to regret and return behaviors subsequently. Addi-
tionally, we explore the moderating effects of two promotional cues (discount
ratio and lucky numbers).

The data comes from a large domestic e-commerce retail website, containing
individual consumer-level shopping behavior data from June 1 to July 31, 2021,
with a sample size of 1,625,472. Using minute-level purchase time information,
we distinguish orders generated during sleep-deprived versus non-sleep-deprived
periods. This paper uses Logit regression models to estimate return probability
and Cox hazard models to analyze the relationship between sleep deprivation
and return speed. Finally, moderating variables are added to the Logit regres-
sion model for verification.

This paper derives several findings. First, it shows that sleep deprivation signif-
icantly increases consumers’ shopping regret behavior, manifested as increased
product return probability and accelerated return speed. Second, we find that
product prices positively moderate the effect of sleep deprivation on shopping
regret, while promotional discount ratios negatively moderate this effect.

The findings help understand how sleep deprivation affects consumer behavior
—consumers are more likely to experience shopping regrets (e.g., returns) after
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shopping during sleep-deprived periods compared to other times of day, while
promotional depth negatively moderates the effect of sleep deprivation on shop-
ping regret. The results suggest that consumers should minimize shopping dur-
ing the 12:00 A.M. to 5:59 A.M. period. If shopping during this period, they
need to pay more attention to central information about products and promo-
tions. Meanwhile, this study suggests that companies could consider adjusting
promotional activity times from sleep-deprived periods to other periods to re-
duce increased operating costs due to consumer shopping regrets and return
rates.

Keywords: sleep deprivation; post-purchasing regret; product return; large-
scale individual-level data; empirical study

Appendix Table 1: Sleep Deprivation and Return Choice: Regression Results
After Removing Website Promotion Period Samples

Appendix Table 2: Data Balance Results from Propensity Score Matching
(based on nearest neighbor matching 1:1 with replacement)

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202209.00109 Machine Translation


https://chinarxiv.org/items/chinaxiv-202209.00109

	Sleep Deprivation and Shopping Regret: An Empirical Study Based on Large-Scale Individual-Level Data
	Abstract
	Full Text
	Preamble
	1 Introduction
	1.1 The Impact of Sleep Deprivation on Cognition and Decision-Making
	1.2 The Impact of Sleep Deprivation on Shopping Regret
	1.3 Moderating Effects of Shopping Environmental Cues: Price and Promotion
	2.1 Data Source and Description
	2.2 Variable Description
	3.1 The Impact of Sleep Deprivation on Shopping Regret
	3.2 Moderating Effects of Shopping Environmental Cues
	4.1 Research Conclusions
	4.2 Theoretical Contributions
	4.3 Managerial Implications
	4.4 Research Limitations and Future Directions
	References


