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Abstract

Social behaviours have been proposed to follow circadian patterns across the course of the day, but
empirical support is mixed. As a within-subject test of circadian effects on everyday behaviour, we
conduct an experience-sampling study with a near-representative population of 285 Americans (7,405
observations). Prosocial behaviour and empathy were both somewhat more frequent in the morning (d
= 0.08). However, these non-linear patterns only described morning-type participants; evening-types
had consistent (and lower) rates of prosocial behaviour and empathy across time-of-day. These
patterns were explained by morning-types reporting more social opportunities earlier in the day.
These findings suggest that small, within-subject diurnal effects on social behaviour occur in daily life,
and that some circadian effects may be driven by situation selection.
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Both feeling empathy and behaving prosocially help us build friendships, maintain relationships, and
increase well-being. Some forms of prosocial behaviours, like the provision of social support, are even
associated with reduced mortality (Brown et al., 2003). But people do not always choose to behave
prosocially, nor always choose to empathize with others (Cameron et al., 2019; Lockwood et al.,
2017). The likelihood of behaving prosocially varies by situational factors (Lefevor et al., 2017),
individual differences (Habashi et al., 2016), and by internal states such as mood (Carlson et al., 1988).
Recently, some have suggested that social decisions may also change across the course of the day
(Kouchaki & Smith, 2014), alongside the subtle fluctuations in mood and cognition known as circadian
rhythms or diurnal effects. While circadian rhythms are believed to affect people’s self-selection into
situations, their mood, and attention, the degree to which these fluctuations affect prosocial behaviours
in daily life is not yet known. Here, we examine whether prosocial behaviours fluctuate across the day
in everyday life — and whether these fluctuations are moderated depending on one’s chronotype — by
conducting an experience-sampling study with a near-representative' sample of American adults.

Circadian and Synchrony Effects in the Lab

Across the course of the day, attentional capacities, executive functioning, and mood each ebb and
flow alongside physiological changes in hormone levels and body temperature (Schmidt et al., 2007).
On average, attentional abilities are highest in the morning and decline as the day progresses (Riley et
al., 2017). However, circadian rhythms are not consistent across people; they vary by one’s
chronotype. People with a morning chronotype prefer to wake and fall asleep earlier and are at their
most alert earlier in the day. Those with evening chronotypes prefer to wake and fall asleep later, and
reach peak alertness later in the day (Schmidt et al., 2007). Many circadian effects depend on
chronotype. When tested at their preferred, optimal time-of-day (morning-types in the morning;
evening-types in the evening), people are more alert on cognitive and academic tasks (Goldstein et al.,
2007; Matchock & Mordkoff, 2009), better maintain attention (Lara et al., 2014), are more aware of
attempts to persuade them (Hossain & Saini, 2014), and make less stereotypic judgements
(Bodenhausen, 1990). These matching or synchrony effects also apply to patterns of mood across the
day. People with morning chronotypes experience their most positive moods in the morning, while
those with evening chronotypes are happiest later in the day (Caminada & Bruijn, 1992; Chebat &
Dubé, 1997; Kerkhof, 1998).

Given the fluctuating patterns of alertness and mood across the day, social psychologists have
theorized that social decisions may also be affected by either overall circadian effects or by synchrony
effects. Specifically, people may act more prosocially and morally during the morning (Kouchaki &
Smith, 2014) or during the times that match their chronotype (synchrony effects; Gunia et al,, 2014). A
growing number of studies have tested these hypotheses, with mixed results. Two experiments found
that participants were less likely to lie or cheat in the morning, relative to the evenings — a finding
termed the morning morality effect (Kouchaki & Smith, 2014). Two similar studies found no main effects
of time-of-day on cheating but instead found synchrony or matching effects, where morning-type

' The sample, described further in the methods section, was selected to be representative of the
American population in regard to sex, age, ethnicity, education, region, and income. We use ‘near-
representative’ as shorthand, acknowledging that the sample is not necessarily reflective of the
American population on other dimensions.



participants were less likely to cheat in the morning and evening-type participants were less likely to
cheat in the evening (Gunia et al., 2014). Attempted replications, using various lab-based economic
trust games, found no evidence of either circadian effects or synchrony effects on prosocial behaviour
(Correa et al., 2017; Dickinson & McElroy, 2017).

Other research has examined how prosocial behaviours might vary across time of day by taking
advantage of natural variability in the time that people complete online tasks (Arechar et al., 2017) or
allowing participants to complete the study at their choice of time-of-day (Study | and 2 in Kouchaki &
Smith, 2014; Roeser et al., 2016), again with inconsistent evidence for either main effects of circadian
effects or for chronotype-synchrony effects. Thus, in controlled settings, it is still unclear whether or
not prosocial behaviours are affected by either time-of-day or chronotype-synchrony.

From the Lab to the Field

Social behaviours in everyday life rarely resemble the economic games or lab-based tasks used to
measure morality and prosociality in the lab. Rates of dishonesty in lab-based tasks do not resemble
rates of dishonesty in comparable field studies (Gerlach et al., 2019), and the matrix task, often used by
the above studies as a measure of dishonesty, may also be capturing honest mistakes in addition to
intentional lies (Heyman et al., 2020). Recent studies have thus sought more ecologically valid evidence
for circadian effects on prosocial behaviour, with surprising results. In contrast to the morning morality
and synchrony effects inconsistently found in the lab, grocery store cashiers were more likely to
overcharge customers in the morning (“morning immorality”; Vranka et al., 2019) and people waiting
for a train were more likely to volunteer their time during times that were mis-matched with their
chronotype (during their “off-times”; Solomon & Zeitzer, 2019). Intriguingly, this initial evidence
suggests that — in real life — people may be more likely to behave prosocially later in the day, rather
than earlier in the day, and during times that are mismatched, rather than matched, to their chronotype.

A limitation to these between-subject studies — both in the field and those using correlational designs
in the lab — is that they are necessarily conflating two possible mechanisms for time-of-day and
synchrony effects: (1) how circadian changes to cognition and affect influence social decision-making
processes, and (2) how people who participate in a study during one time-of-day differ from those who
participate during another time-of-day (Schofield, 2016). This second mechanism describes a self-
selection effect.

Self-Selection Effects

Self-selection — where people’s time-of-day preferences affect their likelihood of participating in a study
at a given time — is typically considered a confounding variable, especially for correlational designs.
Differences in who self-selects to sign-up for a study at different times of day impairs our ability to
draw causal inferences about how time-of-day may affect decision-making. But selection effects can be
even more impactful than commonly recognized. Even in experimental designs that attempt to
randomize participant’s time-of-day of participation, people are more likely to agree to participate and
show-up during a preferred time than a non-preferred time (e.g., Gunia et al., 2014), which can still
lead to selective attrition effects and self-selection biases (Zhou & Fishbach, 2016).



Selection effects are not only relevant to study design — selection into and out of different situations or
activities constantly occurs in everyday life, and is highly relevant for understanding human psychology
and behaviour (Duckworth et al., 2016; Emmons & Diener, 1986). In everyday life, people often have
control over the situations they find themselves in, and can often influence whether or not they
experience an opportunity to behave prosocially. Just like self-selection into psychology studies can be
affected by circadian effects, people’s actual patterns of social interactions (their opportunities to
behave prosocially) also follow diurnal cycles (Hasler et al., 2008) and these opportunities may be
further affected by chronotype. A morning-type person might be more likely than an evening-type
person to agree to meet with friends for breakfast. An evening-type person may be more likely than a
morning-type person to sign-up for an evening shift as a cashier in a grocery store. These situations
may then provide opportunities for empathy and prosocial behaviour, whereas staying alone at home
would not. While it is important to differentiate whether time-of-day effects on prosocial behaviour
are due to selection effects or the direct effects of cognitive or affective fluctuations, both mechanisms
might ultimately influence prosocial behaviour in everyday life.

Motivation for Current Study

Existing literature on the effects of circadian rhythms and chronotype on prosocial behaviours has been
limited in multiple ways. While experimental methods are highly controlled, they may not reflect what
actually occurs in everyday life, due to the limited generalizability of their measurements of prosociality
and due to constrained operationalization of “morning” and “evening” time windows (Smith &
Kouchaki, 2014). Correlational methods — including the field studies described above — cannot easily
distinguish between selection effects and affective or cognitive effects on decision-making processes.

Furthermore, the reliance on any between-subject designs makes it difficult to conclude whether
morality and prosociality vary across the day as a within-subject process; between-person and within-
person variability can be driven by distinct processes and have distinct relationships with relevant
outcomes (Fisher et al.,, 2018). Ultimately, we are interested in whether people are more or less likely
to act prosocially or engage in empathy at different times of day as a within-subject pattern of
behaviour, and whether these within-subject fluctuations in prosociality depend on chronotype.

Finally, most prior research has been limited by under-powered, between-subject study designs. Given
the inconsistent prior finding and thus potentially small effect sizes, high-powered, within-subject
designs are required to determine whether circadian rhythms affect prosocial behavior.

In response, we report on an experience-sampling study that measured prosocial behavior and
empathy experiences in everyday life. Experience-sampling —previously used to describe diurnal
patterns in mood and self-control (Caminada & Bruijn, 1992; Zhang et al., 2018) — allows us to have
much higher statistical power, due to the within-subject design, more observations (over 7,000), and
less constrained operationalizations of time-of-day. Furthermore, this methodology is not subject to
between-subject selection effects that occur when participants choose a single time to complete the
study (Schofield, 2016). We can instead measure real-life situation selection effects, by asking people to
report on their opportunities to experience empathy or behave prosocially, alongside reporting on
their actual empathy and prosocial behaviour. Finally, using experience-sampling methodology increases
the generalizability and ecological validity of our findings, as participants are reporting on their
behaviors and feelings in their real lives, in almost real-time.



Methods

A (near) representative sample of Americans completed seven experience-sampling surveys per day for
one week, and reported recent episodes of feeling empathy and prosocial behaviors (sample further
described in Depow, Francis, & Inzlicht, under review). Following preregistered R analysis scripts,
available at rb.gy/7nimgw, we examined how these self-identified acts of both prosociality and empathy
vary across time-of-day, and how these patterns differ according to the participant’s chronotype®. We
examined three possible explanatory variables — subjective well-being and subjective difficulty of
empathy (affective mechanisms), and opportunities to engage in empathy (situation self-selection).

Data files are available at rb.gy/7nimgw. This experience-sampling study on empathy in daily life was
reviewed and approved by the institutional review board. The same dataset is used in Depow, Francis,
& Inzlicht (under review).

Participants

The sample for this study was pre-screened to be representative of the American population, using
quota sampling conducted by the survey company Qualtrics. First, Qualtrics had 3,486 potential
participants from their panel complete a demographics questionnaire and attention check. Of this pool,
841 individuals were selected to match American census data on the characteristics of sex, age,
ethnicity, education, region, and income, and were emailed a baseline survey. This baseline survey was
completed by 376 people, and 285 of those went on to download the experience-sampling app and
complete at least one experience-sampling survey.

Our final sample (N = 285) was close to representative, albeit with both Latino participants and those
making over $100,000 underrepresented. We had participants from all age groups (5% from 18-24,
24% from 25-34, 24% from 35-44, 21% from 45-54, 17% from 55-64, and 9% over 65) and 54%
identified as female. 194 participants identified as White/Caucasian (non-Hispanic), 36 as African
American, 25 participants as Hispanic, 13 as Asian American, and 5 as other. Participants had varying
household income, education levels, and were from various geographical areas of the US.

Participants completed an average of 26.1 (SD = 14.6) surveys across the week, with a median of 30
surveys. We included all participants who completed the baseline survey (which included the
chronotype measure) and at least one experience-sampling survey in our analyses, following our
preregistration. One participant did not complete the chronotype measure. Overall, we had 7,405
experience-sampling surveys available for analysis.

We did not have full control over the sample size, given unpredictable attrition between the intake
survey and the experience-sampling surveys, but had preregistered a minimum of N = 250. An
estimated power analysis, conducted with G*Power (Faul et al., 2009), suggests that N = 285 and 25
repeated measures per participant should have 80% power to detect a between-within interaction

? Following our preregistration, we also tested whether time-of-day patterns would differ according to
implicit theory of willpower (Job et al., 2010). Preregistered analyses involving willpower theory were
not generally significant and are available in the Supplemental Materials.



effect of d = .10 (repeated-measures r = .50). This sample size should also have sufficient power to
model nonlinear cosinor effects (Zhang et al., 2018).

Procedure

Baseline Measures. After completing a screening procedure (conducted by Qualtrics panels,
consisting of an attention check question and demographic questions), being invited to participate, and
providing informed consent, participants completed a set of baseline questionnaires including the five-
item reduced Morningness-Eveningness Questionnaire (rMEQ) to measure chronotype (o = .71, 95%
CI [.66, .75]; Adan & Almirall, 1991), as well as other questionnaires not examined here (see
Supplementary materials for discussion of willpower theory scale).

Experience-sampling Surveys. Starting the following day, participants received seven short surveys
per day, sent between |0am and |0pm EST, delivered by Metricwire. Surveys were sent on a random
schedule with an average of 105 minutes between surveys, and a minimum of 30 minutes between one
survey and the next. Because participants were from all five American time-zones (GMT—10, —7, —6,
—5, and —4), we thus had some experience-sampling surveys completed between 5am to |2am. Most
surveys (95%) were completed between 9am and 10pm local time, and we thus only draw conclusions
and graphs within this time window. We used local time (adjusted for participants’ time zones) for all
analyses.

After receiving a survey prompt, participants had one hour to respond to the survey on the
smartphone app. Participants first responded to two questions about their subjective well-being (1 — 7,
“At the moment, how happy do you feel?” and, “At the moment, do you feel that your life has a clear
sense of purpose?”’). They then indicated whether or not they had performed a prosocial behavior, “In
the last |5 minutes, did you do anything to directly or indirectly help, or make another person feel
better? (e.g. by offering comfort, financial support, advice or assistance)” (M,e, = 20.1% of surveys).

Participants next answered whether, in the prior |5 minutes, they had had an opportunity to feel
empathy for someone (M,.; = 19.2% of surveys). If they responded “no”, participants later saw a
question asking them if they had “seen someone express an emotion” in the prior |15 minutes (M, =
9.4% when question was asked; 7.6% of all surveys). Participants who responded “yes” to either
question were coded as having had an opportunity to empathize. Note that our preregistration stated
that we would only use the first question as indicating an ‘opportunity to empathize’. However,
participants who saw someone express an emotion also did have an opportunity to empathize or
behave prosocially, even if they did not perceive it as such.

Participants then indicated whether or not they had actually felt empathy for someone (M,e; = 16.9% of
all surveys; 87.9% when opportunity available). They were then asked, when applicable, about the
subjective difficulty of engaging in each of three components of empathy — emotion sharing,
perspective-taking, and generating compassion —on | to 7 scales, which were then averaged. The
survey length was consistent regardless of participants’ answers. Other questions (including “filler”
questions), not analyzed here, are described in Depow, Francis, & Inzlicht (under review).

Analysis Plan. Following our preregistered analysis plan, we conducted three-level hierarchical
models, with experience-sampling surveys nested within days, nested within participant (Equation ).



Our preregistered analyses included testing the fixed linear effects of time-of-day (Tj), chronotype
(Chroj), and the chronotype-by-time interaction term (TyChro). Chronotype was grand-mean centered
and tested as a continuous variable. We included random intercepts for participant (P,) and day (PD;).
We preregistered four dependent variables: the binomial variables (yes = |, no = 0) of prosociality,
empathy, and the opportunity to experience empathy, and the continuous variable of perceived
empathy difficulty. For the three binomial dependent variables, we conducted generalized linear
models, specifying a binomial distribution with a log link. Because empathy difficulty was highly right-
skewed (median = 1.33, | to 7 scales), we also analyzed this dependent variable with a generalized
linear model, instead specifying a gamma distribution. To interpret significant interactions, we examined
the simple slopes as per Preacher, Curran, & Bauer (2004).

Eq. I: Yvuk = 50 + ﬁlTijk + ﬁZChTOi + ﬁ3Chr0iTijk + Pi + PDl] + gijk

To facilitate comparison between the effect sizes of our findings and effect sizes reported by prior
literature (which typically have approximately 9 hours between the “morning” and “evening” time
slots), we report Cohen’s d reflecting the change expected from a nine-hour difference. Our analyses
otherwise treated time as a continuous variable.

Because time-of-day effects are frequently not linear, we also report additional analyses using a cosinor
fitting procedure (following Zhang et al., 2018). To test nonlinear diurnal patterns, time-of-day is
converted into radians (divided by 12, multiplied by 21T) and transformed into two component variables
— sine and cosine of time — that together model the strength of the diurnal pattern. Using two
sinusoidal components allows for nonsymmetric curves and better captures behaviors that may peak at
different times-of-day; a sine wave across the 24-hour day best captures behaviors that peak at 6am,
while a cosine wave best captures behaviors that peaks at 12am (Hasler et al., 2008). We tested the
significance of the overall diurnal pattern by comparing a multilevel model including these two
transformed time-of-day variables (Equation 3) against a null model including only the random
intercepts for participant and participant day, and no fixed predictors (Equation 2).

Eq. 2: Yl]k: Bo‘l‘ Pl‘l‘ PDl]+ gijk

Eq. 3: Yka = 50 + BlsinTi]'k +ﬁZCOSTijk + Pi + PDL] + Sijk

To see whether the diurnal pattern differed by chronotype, we then compared a model with only the
main effects of chronotype and time (sine and cosine; Equation 4) against a model that included
interaction terms between chronotype and both diurnal variables (Equation 5).

Eq. 4: Yvuk = 50 + BlsinTi]'k +ﬁZCOSTijk + ﬁ3ChTOi + Pi + PD” + gi]'k

EQ.5Y, = By + BisinTij, + BocosTyjy + PBsChro;+ BysinT;; Chro; + PscosT;j Chro; + P+ PDy; + &,

Diurnal patterns are described by both their amplitude and the phase shift (Zhang et al., 2018). The
amplitude is maximum deviation of the sinusoidal wave from the mean, reflecting the strength or

magnitude of the diurnal pattern. The phase shift reflects the time-of-day of the sinusoidal maximum.
These characteristics are independent.
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Results

We first report our preregistered analyses examining the main linear effects of time of day, chronotype,
and their interaction.

Prosocial Behavior. Overall, the likelihood of prosocial behaviour did not change linearly across the
day (d = —0.08, z(7399) = —1.68, p = .092). However, the likelihood of prosocial behaviour did change
across time-of-day depending on chronotype, albeit with a relatively small effect size (Figure 1A;
interaction d = —0.12, z(7399) = —2.05, p = .040). Those with a more morning chronotype (-15D)
were more likely to report prosocial behavior earlier in the day, and less likely to report prosocial
behavior as the day progressed (d = —0.18, z(7399) = —2.76, p = .006). Those with a more evening
chronotype (+15D) were no more or less likely to report prosocial behavior depending on time-of-day
(d =0.02, z(7399) = 0.25, p = .799). On average (i.e., at the day’s midpoint), those with more morning
chronotypes were somewhat more likely to report prosocial behaviour, although the effect size was
again quite small (d =.12, b =0.21, SE = 0.10, z(7399) = 1.98, p = .048).

Experiencing Empathy. The same pattern seen for prosocial behaviors was also true for reports of
feeling empathy for another — unsurprising, given that reports of empathy frequently cooccurred with
reports of prosocial behavior (r = .70, t(7441) = 85.02, p <.001). While the linear effect of time-of-day
again was not significant as a main effect (d = —0.08, z(7399) = —1.67, p = .095), there was a significant,
albeit small, moderation by chronotype (Figure IB; d = —0.12, z(7399) = —2.22, p = .026, r = —0.01).
Morning-type participants were more likely to report feeling empathy in the morning and less likely to
report feeling empathy in the evening (at -1SD, d = —0.20, z(7399) = —2.84, p = .004), while evening-
type participants were not any more or less likely to feel empathy at any particular time of day (at
+1SD, d = 0.02, z(7399) = 0.38, p =.705). Unlike for prosocial behavior, there was no main effect of
chronotype (d = 0.06, z(7399) = 1.09, p = .276), in that morning-type participants were no more likely
to empathize at the day’s midpoint.



Figure 1. Linear effects of time-of-day on prosocial behaviour and empathy by chronotype
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Note. Figures show effects based on multi-level models, modelling the linear effects of time-of-day and
their interactions with chronotype (shown at +15D and -15D). Ribbons show standard error for the
effect of chronotype. Non-overlapping ribbons signify statistically significant simple effects of
chronotype at that time of day. Simple effects of time-of-day are shown for morning- and evening-
types, ¥ = p <.05; * = p < .0l.

Cosinor Diurnal Patterns of Prosociality and Empathy

Because time-of-day patterns are not usually best explained by linear effects, we also examined the
effects of time using cosinor diurnal modelling. We further tested whether cosinor diurnal patterns
were moderated by chronotype.

Prosocial Behavior. The first analysis, comparing the null model to a model with the diurnal pattern
(the cosine and sine of time-of-day), found that the likelihood of prosocial behavior followed a cosinor
pattern (x*(3, 5) = 8.03, p = .018). This diurnal model also outperformed the preregistered linear time-
of-day model of prosocial behavior, presented above (x*(4, 5) = 4.59, p = .03), suggesting that this
nonlinear pattern better describes the variability in prosocial behavior across the course of the day.

To test whether the diurnal pattern varied by chronotype, we compared a model with the diurnal
pattern components and chronotype to a model with the diurnal pattern components, chronotype, and
their interaction. The moderation of the diurnal pattern by chronotype was not significant (Figure 2A;
X*(6, 8) = 4.07, p = .131), suggesting that the cosinor time-of-day pattern of prosocial behavior did not
differ significantly for those with morning- versus evening-chronotypes.

Empathy. Empathy likelihood also could be explained by a cosinor pattern (x*(3, 5) = 6.00, p = .0499),
though the diurnal model did not fit the empathy data significantly better than the linear model (x*(4, 5)
= 2.66, p =.102). Like the linear time-of-day model, the diurnal pattern of empathy varied significantly
by chronotype (Figure 2B; x*(6, 8) = 7.75, p = .021). Changes in the likelihood of empathy were much
larger for participants with morning chronotypes (-1SD, Amp = .41), relative to evening-types (+1SD,
Amp = .05).
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Figure 2. Cosinor diurnal patterns of prosocial behaviour and empathy by chronotype
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Possible Explanatory Variables

Why are more morning-types more likely to be empathetic and prosocial in the mornings!? We
examined whether, in the morning hours, morning-types were (i) more likely to have been in contact
with other people (having the opportunity to empathize) (ii) were more likely to find empathy easier,
or (iii) were in more positive moods. Mood was not preregistered as a variable of interest, but existing
daily diary research suggests that people are more likely to empathize when they are in a more positive
mood, as a within-subject effect (Nezlek et al., 2001).

Opportunity to Empathize. Morning participants might be engaging in empathy more frequently in
the mornings solely because they are more likely to have the opportunity to do so. We thus examined
whether participants in general — or just more morning-types — were more likely to see another
person’s emotion in the morning.

First, we conducted our preregistered linear analyses. There was no significant main effect of either
chronotype (d = 0.02, z(7399) = 0.40, p = .686 ) nor of linear time-of-day (d = —0.04, z(7399) = —0.96,
p = .338), and the interaction between chronotype and linear time-of-day was not significant at o = .05
(Figure 3A; d = —0.10, z(7399) = —1.90, p = .058). Both the linear pattern and effect size of this
interaction, however, is comparable to that seen for prosocial behavior and empathy, with morning-
type participants being somewhat more likely than evening-type participants to report opportunities to
empathize in the morning.
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Figure 3. Linear effects of time-of-day on social opportunities and happiness by chronotype
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Next, we conducted the parallel nonlinear analyses, using cosinor modelling. Before considering
chronotype, opportunities to empathize were not significantly explained by a diurnal pattern (*(3, 5) =
1.69, p = .429). However, there was a significant interaction between the cosinor time variables and
trait chronotype (Figure 4A; x*(6, 8) = 7.89, p = .019), such that the diurnal pattern was weaker for
evening-types (at -1SD, Amp = .15) and significantly stronger for morning-types (+1SD, Amp = .27). In
addition to a more morning chronotype being associated with larger fluctuations in opportunities
across the day, peak times also varied by chronotype: morning chronotypes reported the most
opportunities early in the morning, while evening chronotypes reported the most opportunities in late
afternoon (Figure 4A).

Across analyses, opportunity to empathize did not significantly change across time-of-day as a main
effect (neither as a linear nor cosinor effect) but reported empathy opportunities changed across time-

of-day more for those with morning chronotypes.

Figure 4. Diurnal patterns of time-of-day on social opportunities and happiness by chronotype
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Empathy Difficulty. Participants may be less likely to engage in empathy when it feels more difficult
to do so. Engaging in empathy was reported as being slightly more difficult later in the day relative to
earlier in the day (d = 0.02, z(1234) = 2.51, p = .012). This effect was not moderated by chronotype (d
<0.01, z(1234) = —0.36, p = .717). There was also no main effect of chronotype (d < 0.01, z(1234) =
0.30, p = .766).

We also conducted these analyses looking at the cosinor patterns of time-of-day. Again, the perceived
difficulty of empathizing followed a diurnal pattern (x*(3, 5) = 9.00, p =.01; Amp = 0.03, max = 7:33pm),
but did not significantly depend on chronotype (x*(6, 8) = 1.63, p = .442). Across both linear and
cosinor analyses, empathy was perceived as more difficult as the day progressed, regardless of
chronotype. Although perceptions of empathy as difficult did not vary by chronotype, participants did
tend to report that empathy felt more difficult later in the day compared to earlier in the day, as a
within-subject effect.

Happiness. Finally, we examined subjective happiness as a third potential explanatory variable. As a
linear test, participants generally reported more happiness as the day progressed (d = 0.08, t(6427) =
3.32, p <.001). Participants with more morning-type chronotypes were also happier overall than
participants with more evening chronotypes (d = .57, t(278) = 4.75, p < .001); this main effect of
chronotype was much larger than any diurnal effects or moderations observed in this study.
Chronotype was not a significant moderator of the linear time-of-day effect on mood (Figure 3B; d =
—0.03, t(6500) = —1.09, p = .277).

Happiness likewise varied across time-of-day in a nonlinear fashion (x*(3, 5) = 13.37, p = 0.001).
Mirroring the chronotype moderation found when modelling time as linear (above), the nonlinear
diurnal pattern of happiness was also moderated by chronotype (Figure 4B; x*(6, 8) = 6.91, p = .032).
While both morning and evening chronotypes had a similar strength to their diurnal patterns (Amp =
.09 for evening-type, Amp =.13 for morning-type), their peak moods were at different times, with the
models predicting peak happiness for morning-type participants (+1SD) in the early morning, and peak
happiness for evening-type participants (-1SD) around 8:30pm.

Effects on Prosocial Behavior, Above and Beyond Opportunities to Empathize?

Two potential explanatory variables — opportunities to empathize and happiness — varied across time-
of-day differently depending on chronotypes, like empathy and prosocial behavior themselves. We thus
investigated whether the effects of time-of-day on empathy and prosocial behavior held after
controlling for these explanatory variables (Table 1). Because perceptions of empathy difficulty were
only measured on surveys when participants reported engaging in empathy, we could not conduct the
equivalent analysis controlling for empathy difficulty.

Overall, most observed circadian patterns in prosocial behavior and empathy could be explained by
whether or not participants had had an opportunity to empathize. After accounting for empathy
opportunities, none of the moderations of time-of-day by chronotype remained significant (Table I).
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Most of the main effects of time-of-day were also accounted for by opportunities to empathize’.
Controlling for mood, on the other hand, did not reduce the previously observed temporal effects.
These analyses suggest that the observed patterns in prosocial behavior and empathy — particularly the
patterns that varied by chronotype — are not due to circadian shifts in mood, but are likely due to
whether or not participants had interacted with others.

Table I. Model summary statistics

Controlling for  Controlling for

No control Empathy Mood

Model variable Opportunity
B (SE) B (SE) B (SE)

I. Predicting prosocial
behavior
Linear time-of-day effect -0.016 (0.010)+ -0.011 (0.012) -0.019 (0.010)*
Trait Chronotype 0.206 (0.104)* 0.224 (0.087)* 0.215 (0.105)*
Linear time-of-day by chronotype -0.023 (0.01 1)* -0.013 (0.014) -0.023 (0.011)*
interaction
Empathy Opportunity - 3.66 (0.1 1)*** -
Mood - - 0.30 (0.03)**
Il. Predicting empathy engagement
Linear time-of-day effect -0.017 (0.010)+ -0.021(0.015) -0.020 (0.010)*
Trait Chronotype 0.114 (0.104) 0.170 (0.099)+ 0.120 (0.105)
Linear time-of-day by chronotype -0.026 (0.012)* -0.015 (0.017) -0.026 (0.012)*
interaction
Empathy Opportunity - 22.20 (630.36)* -
Mood - - 0.26 (0.03)**

X (df =2) XA(df = 2) X (df =2)
l1l. Predicting prosocial behavior
Cosinor time-of-day effect 8.03* 6.62* 9.17*

Cosinor time-of-day by 4.07 0.51 3.59
chronotype interactions

IV. Predicting empathy engagement
Cosinor time-of-day effect

Cosinor time-of-day by

chronotype interactions

6.65%
6.91*

6.00* 4.04
7.75% 1.02

Note. * Engaging in empathy was only possible when there was an empathy opportunity. The
dependency between these variables means that this standard error may be less accurate. + = .05 <p
<.10;*=.01 <p<.05.

3 Alternatively, we can conduct analyses on the subset of the data (1994 observations) where an empathy opportunity was
available. This analysis strategy results in the same conclusion, with trait chronotype predicting prosocial behaviour as a
main effect (b = 0.27, SE = 0.10, z(1983) = 2.73, p = .006) and marginally predicting empathy (b = 0.17, SE = 0.10, z(1983) =
1.69, p =.090), and with no significant effects of time-of-day nor interactions on either dependent variable (ps > .18).
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Discussion

In a near-representative American sample, patterns of both prosocial behavior and empathy in daily life
revealed a small, nonlinear time-of-day effect. Overall, participants were |.16 times more likely to
behave prosocially earlier in the day compared to nine hours later, corresponding to a Cohen’s d of
0.08. But these changes to empathy and prosociality across time-of-day were not equally shown by
everyone. “Morning larks” — those who rise earlier and feel at their best earlier in the day — tended to
be more prosocial and empathetic in the morning, while “evening owls” were no more likely to be
prosocial or empathetic in either the morning or evening. Furthermore, patterns of prosocial and
empathetic behaviors did not decline across the day in a linear fashion but instead fluctuated non-
linearly, with prosocial behaviour being most likely in the early morning, least likely around dinner time,
and increasing again as the evening progressed.

These diurnal patterns of prosocial behavior and empathy were best explained not by fluctuations in
mood or perceived difficulty of empathizing, but by people’s available opportunities. Morning-types
were more likely to report seeing another person experience an emotion in the mornings, while
evening-type people were, if anything, slightly more likely to come into contact with others’ emotions
in the afternoon. These seem to be real-life “selection effects” — people may be putting themselves in
social situations more often during times that they feel awake and attentive. The same process seems
to explain why participants were less likely to engage in empathy or prosocial acts on Saturdays (see
Supplemental Materials) — they were less likely to have the opportunity.

Interestingly, evening-chronotypes were not especially likely to behave prosocially or engage in
empathy later in the day. The lack of cross-over effect is consistent with other research finding that
morning chronotypes benefit from their optimal time more than evening chronotypes benefit from
theirs (Nowack & Van Der Meer, 2018). The lack of cross-over also meant that morning-types were
more likely to engage in prosocial behavior overall, consistent with previously described associations
between evening chronotypes and higher impulsivity, aggression (Hwang et al., 2016), anxiety, and
depression (Park et al., 2015).

Implications

This research provides a new perspective on how chronotype and circadian effects might affect
prosocial behaviour in the real world, by showing small but significant effects of both circadian effects
and (for morning chronotypes) synchrony effects on prosocial behaviour and empathy. These findings
may provide more context for understanding individual differences in prosocial behaviour, and be
relevant to individual difference researchers who are concerned about the impact of time-of-day
effects on peoples’ momentary behaviours.

Second, the non-linearity of the observed effects is critical for both interpreting past work on circadian
effects and for planning future research. Prior research on ‘morning morality’ and diurnal effects have
often compared inconsistent windows of the day (e.g., comparing morning to afternoon, versus
comparing morning to evening, versus comparing day to night; Smith & Kouchaki, 2014). Because time-
of-day effects are non-linear, it is unsurprising that prior tests have had heterogenous results — we
would expect a greater difference when comparing 10am to 6pm, and a smaller difference when
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comparing |0am to 10pm (Figure 2). Researchers interested in circadian effects should ensure they
precisely operationalize the time frames of their predictions and not assume linearity (Scholz, 2019).

More generally, this research demonstrates how seemingly mundane explanations for behaviour —
having or not having the opportunity to feel empathy or behave prosocially — can itself be affected by
trait chronotype. Individual differences do not only affect people’s decisions and behaviours once they
are in a given situation, but also affect the likelihood of experiencing that situation (Emmons & Diener,
1986; Rauthmann et al., 2015). While these self-selection effects can sometimes impede our ability to
study more “psychologically interesting” processes like the effects of mood or cognition on behaviour,
the current findings suggest that self-selection effects can be more predictive of actual behaviours in
daily life.

This study further demonstrates how one trait, chronotype, can affect situation self-selection and
behaviours that are not core to our understanding of the trait itself. Often, a trait will affect situation
self-selection and resulting behaviours that are definitionally related to the trait: conscientiousness
affects exposure to dutiful situations, openness affects exposure to intellectual situations, and trait self-
control affects exposure to self-control dilemmas (Duckworth et al., 2016; Rauthmann et al., 2015).
Chronotype, on the other hand, a trait about time-of-day preferences seems to predict people’s
experience of social opportunities, perhaps even incidentally. It is possible that evening-type people did
not intend to avoid social interactions in the morning, specifically; instead, the lack of social
opportunities may be a side effect of evening-type people’s slow start to their day or general lack of
attention in the morning hours.

Limitations and Future Directions

While our experience-sampling data spanned from 9am to | |pm, we did not collect data from the late
evening or early morning. We are thus missing data from times where night owls might be prosocial or
more likely to emphasize, when the morning larks are asleep. By not sampling across all hours, we
were also missing data that may have made our diurnal models more accurate — it is probably not the
case that morning-chronotypes are maximally likely to be prosocial at 5:30am. The current data best
reflects people’s experiences during the daytime and evening hours, the hours when most activity in
society and social interactions occur.

Furthermore, participants did not complete all experience-sampling surveys. However, completed
experience-sampling surveys do seem to be representative of participants’ own daily lives (Sun,
Rhemtulla, & Vazire, 2019), suggesting that our results should be approximately generalizable to
Americans who own smartphones and are willing to complete experience-sampling surveys. Our
results may not generalize to other countries or cultures.

Like other experience-sampling studies, this study relied on self-report measures (Scollon et al., 2003).
We cannot be sure that different people were using the same definitions of prosocial behaviors or
feelings of empathy, despite our attempts to define these concepts to participants at the beginning of
the study. Variability in definitions and reporting could influence our tests of between-subject factors
(chronotype). Furthermore, we were not able to distinguish between different types of prosocial
activities; it is possible that some types of prosocial behaviours are affected by circadian rhythms or
synchrony effects more substantially than others. Future research should continue to seek a balance
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between the ecological validity and generalizability afforded by experience-sampling studies and the
controlled internal validity afforded by lab-based experiments (Lin et al., 2020).

Finally, because the measure of opportunity to empathize (seeing another person express an emotion)
was also self-reported, we are unable to determine whether chronotype affected people’s actual
exposure to other people across the course of the day (objective situation selection), people’s
perception of other people across the course of the day (subjective perception), or both (Rauthmann
etal., 2015).

Conclusion

While mood and attention have long been known to fluctuate throughout the day, previous research
has not examined whether diurnal effects extend to prosocial behaviors in daily life. Within a
preregistered, experience-sampling study with a near-representative sample of Americans, morning-
type people were slightly more likely to report both prosocial behaviors and empathizing in the
morning compared to in the evening. These within-subject effects were largely due to people with
morning-chronotypes reporting more social opportunities earlier in the day. Generally, evening-type
people were similarly likely to report prosocial behaviors and feeling of empathy in the mornings and
evenings. We note, however, that the effect sizes of both the circadian effects and synchrony effects
were quite small. This high-powered, within-subject, more representative, and ecologically valid study
offers a perspective on diurnal effects on prosocial behaviour that closely reflects what actually occurs
in daily life.
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