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A B S T R A C T

Flow is a state in which one fully and voluntarily concentrates on an activity at hand (Nakamura &
Csikszentmihalyi, 2003). Recent research has compared solitary flow and social flow using various oper-
ationalizations, but the role of extraversion was neglected. Therefore, an Amazon MTurk survey (N = 165) was
designed to investigate flow among introverts and extraverts in solitary and social activities. Results revealed no
difference in flow frequency between solitary and social activities, but individuals have more intense flow when
they are alone. Results also showed that extraversion moderates the relationship between activity type and flow
frequency, as well as the relationship between activity type and flow intensity. Implications of the study are
discussed.

As a promising line of research in the 21st century, positive psy-
chology investigates positive experiences and positive personalities that
allow individuals to flourish in social contexts (Seligman &
Csikszentmihalyi, 2000). For a long time, the field of psychology has
been focused on what goes wrong with people, and it has largely
overlooked what goes right in individuals and groups (Gable & Haidt,
2005). It is worthwhile to study conditions and processes that lead to
optimal human functioning and higher level of happiness, because the
bright side of humanity brings out the best in our species. One of the
most inspiring human experiences, Csikszentmihalyi's concept flow
(1990), describes a highly enjoyable condition which allows individuals
to operate at their full capacity.

Flow is closely tied to a series of beneficial psychological outcomes,
such as higher life satisfaction (Asakawa, 2010) and positive moods
(Fullagar & Kelloway, 2009). Although flow is universal and can occur
in a wide range of activities (Csikszentmihalyi, 1990), approximately
one fifth of the population reported that they have never experienced
flow (Csikszentmihalyi, 2000), and those who have do not experience
flow most of the time. To cultivate flow to actualize potentials, it is of
vital importance to understand under what circumstances flow is ex-
perienced and by whom.

1. Flow

Flow is an enjoyable state in which one voluntarily and completely

concentrates on an activity at hand (Nakamura & Csikszentmihalyi,
2003). To be in flow, individuals should be intrinsically motivated to
engage in an activity and achieve a match between the challenge pre-
sented and their skills for that challenge. Further, individuals in flow
often have the following experience: they have a clear goal in mind to
achieve, so their action is directed by their mind as if the process is
automatic; they know how they are doing in the task, and they have full
control over the current situation; they concentrate on the activity so
much that they don't worry about the possible results; they lose their
reflective self-awareness; they realize time passes too quick or too slow
during flow (Csikszentmihalyi, 1990).

2. Solitary flow and social flow

In general, the differences between staying alone and with others in
daily life have been well studied. Compared to staying alone, inter-
acting with others is happier (e.g., Kahneman & Deaton, 2010; Larson,
1990), more beneficial to psychological functioning and subjective
well-being (Kahneman & Deaton, 2010), and physiological well-being
(Cacioppo & Patrick, 2008; McCrae & Costa, 2008). Nonetheless, soli-
tude promotes self-reflection, creative ideas and problem-solving, and
strengthens spiritual growth (Long, Seburn, Averill, & More, 2003);
adolescents who spend an appropriate amount of time alone had a
higher GPA, displayed fewer problematic behaviors and depressive
symptoms, and were rated better in classroom adjustment by their
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teachers (Larson, 1997).
However, the ways individuals experience flow differently in soli-

tude and social conditions have not been well studied. As Walker
(2010) described, social flow happens when a group of people is vo-
luntarily absorbed together in a collaborative activity. Accordingly,
solitary flow happens when an individual is not engaged with other
people. Initially, the concept flow was developed from observation of
drawing paintings (Csikszentmihalyi & Csikszentmihalyi, 1988).
Drawing paintings is innately a solitary activity, and this solitary nature
is probably one reason why flow has long been assumed to occur in
solitude (e.g., Csikszentmihalyi, 1990; Fullagar & Kelloway, 2009).
Only more recently, how individuals experience social flow has re-
ceived more attention (e.g., Kaye, 2015; Ryu & Parsons, 2011; Walker,
2010). Therefore, the difference between flow in solitude and in a
group has been underexplored.

3. Flow frequency and flow intensity

Past research has conceptualized flow as either flow frequency (e.g.,
Jackson & Marsh, 1996) or flow intensity (e.g., Jackson, Martin, &
Eklund, 2008; Magyaródi & Oláh, 2017; Walker, 2010). In the current
study, flow frequency is defined as how frequently individuals are in
flow, and flow intensity is defined as how intense the experience is
when individuals are in flow. Although frequency and intensity provide
different information and complement each other in understanding
flow, few research (e.g., Magyaródi & Oláh, 2015) has included both of
them in a same study.

3.1. Flow frequency and activity type

In the theoretical lens, it is easier to enter flow when one is alone.
First, as Csikszentmihalyi (1990) described, individuals in flow are fully
concentrated. Socializing with other people will distract at least some
attention from the activity. For example, in group rock climbing, be-
sides focusing on climbing itself, one also pays attention to suggestions
from various perspectives, which makes it harder to immerse oneself
completely in the act of climbing. Researcher did find that individuals
have greater concentration when they are alone compared to when
interacting with others (Larson, 1990).

Second, in flow, individuals are usually immersed so well that they
are not self-aware (Csikszentmihalyi, 1990). One important stimulus
that generates self-awareness is people's knowledge that others are fo-
cusing on them (Duval & Wicklund, 1972). For example, when other
rock-climbing members are present, we might worry about how others
judge us and be afraid of failure, so that we can't focus on climbing itself
completely. Therefore, compared to being alone, social situations make
a person self-aware and as a result harder to enter flow.

Third, individuals in flow sense a full control over the activity they
are involved in (Csikszentmihalyi, 1990). With others, individuals do
not make decisions completely based on their own preferences. Larson
and his colleagues (1985) suggest that elder individuals experience
higher sense of control when they are alone than being with others.
Research also found that solitude offers freedom of choice for one's
actions and use of time in the wilderness (Hammitt, 1994). Therefore,
being alone helps to achieve higher level of control over the situation
and may also promote flow. In conclusion, theoretically individuals
should experience flow more often by themselves than in a social si-
tuation.

H1. Individuals experience solitary flow more frequently than social
flow.

3.2. Flow intensity and activity type

A few studies have investigated how individuals experience solitary
flow and social flow at different levels of intensity. Magyaródi and Oláh

(2015) reported the most common flow-inducing solitary activities to
be working, reading, sport, and creative activities and the most
common flow-inducing social activities being work and sport. Kaye
(2015) found that online game players reported greater flow intensity
in solo games than collaborative games, by employing a nine-dimension
flow questionnaire – the Flow State Scale-Short Form (Jackson et al.,
2008). Though, when focused on just one dimension of flow, enjoy-
ment, Walker (2010) found social flow to be more intense than solitary
flow, especially in sport. When conceptualized flow as another di-
mension, intrinsic interest, Ryu and Parsons (2011) suggested that in-
dividuals in group mobile learning reported more intense flow. When
operationalized flow as two dimensions, challenge/skill balance and
absorption, the result confirmed the pattern that social flow in creative
tasks is more intense than solitary flow (Magyaródi & Oláh, 2017).
Therefore, though there are contradictory evidence, most of them
supported that flow is more intense in a group activity than a solitary
activity.

Theoretically, one reason is that partners provide timely feedback to
the person in social activities (Magyaródi & Oláh, 2017) and it adds to
the person's knowledge of how well they are performing. This is an
important dimension of flow (Csikszentmihalyi, 1990), so it might re-
inforce flow. Another reason is that the positive emotion is amplified in
social interactions due to emotional contagion (Totterdell, 2000). Even
if people experience same level of flow in solitary and social activities,
in the latter the feeling of “being in the zone” can be amplified. As a
result, individuals report greater flow in social interactions.

H2. Individuals experience social flow more intensely than solitary
flow.

4. Extraversion

The Big Five (John, Naumann, & Soto, 2008) or Five-Factor Model
(McCrae & Costa, 2008) has been a most widely accepted personality
trait framework in the field. It includes the following five dimensions:
openness to experience, conscientiousness, extraversion, agreeableness,
and neuroticism. High levels of extraversion imply higher levels of
sociability, activity, assertiveness, and positive emotionality, whereas
low levels imply more of being quiet, reserved, and shy (John et al.,
2008). Low levels of extraversion are sometimes referred to as in-
troversion.

Besides the aforementioned type of activity individuals engaged in
(i.e., solitary and social activity), the level of extraversion might also
influence the way they experience flow. The empirical evidence de-
monstrated mixed results regarding the relationship between extra-
version and flow proneness. Some studies have found a positive cor-
relation between extraversion and flow proneness (Johnson, Keiser,
Skarin, & Ross, 2014; Mesurado & Richaud de Minzi, 2013; Ross &
Keiser, 2014), suggesting that extraverts have flow more frequently
than introverts. Other studies did not find a relationship (Bassi, Steca,
Monzani, Greco, & Delle Fave, 2014; Ullén et al., 2011), suggesting that
they have flow at a similar frequency.

Theoretically, one explanation is that introverts and extraverts
enjoy social situations at different levels (Orchard & Fullwood, 2010).
Introverts tend to enjoy solitude more, while extraverts tend to enjoy
socializing. Therefore, testing whether extraversion predicts flow fre-
quency, without differentiating activity type (i.e., solitary activity and
social activity), might yield mixed results. In other words, extraversion
and activity type may together influence flow frequency. In our third
hypothesis, we expected to explain the mixed results mentioned above
by taking activity type into account. We then explored how personality
and activity type influence flow intensity, due to the lack of literature
regarding relationship between personality and flow intensity. There-
fore, we did not present a hypothesis four regarding flow intensity.

H3. Extraversion moderates the relationship between activity type (i.e.,
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solitary activity and social activity) and flow frequency. When
individuals are more extraverted, the relationship between social
activity and flow frequency should be stronger and the relationship
between solitary activity and flow frequency should be weaker.

5. The current study

5.1. Participants

One hundred and sixty-six M-Turkers completed the survey. The
sample included 87 males and 79 females. The average age of the
participants is 35.9 years old (ranges from 19 to 81 years, SD = 11.00).
The majority of the participants reported their ethnicity as Caucasian
(65.7%), with the rest of the participants being Asian (15.1%), Black or
African American (9.0%), Hispanic or Latino (7.8%), American Indian
or Alaska Native (1.2%), and Other (1.2%) (see Appendix A for more
information).

5.2. Procedure and measures

Participants first signed the consent form to participate in the re-
search. They completed the IPIP Extraversion Questionnaire and saw
descriptions of flow. They were then randomly assigned to a solitary or
social condition, with half of them being in each condition. In the so-
litary condition, participants were asked to think about situations when
they are by themselves. They answered how often the described ex-
perience (refers to the description) happened in their daily life, and
then as content validation and attention check, they listed three most
typical activities they just thought about. In the social condition, par-
ticipants were asked to think about situations when they are interacting
with others and answered the same questions as those in solitary con-
dition. Participants then rated the difficulty of thinking of these activ-
ities and completed an adapted flow scale. Finally, demographic in-
formation was collected (see Appendix A for data quality control and
demographic information coding).

5.2.1. The IPIP extraversion questionnaire
International Personality Item Pool (IPIP) provides an accessible

alternative to commercial personality inventories. The 10-item IPIP
extraversion questionnaire (Goldberg et al., 2006) was constructed
based on Costa and McCrae's (1992) NEO-PI-R, a wide-used inventory
to assess personality dimensions in the Big Five Model. For each item,
participants were asked to decide the extent to which the statement
describes them with a 5-point Likert scale ranging from Very Inaccurate
(1) to Very Accurate (5). A sample item is “Feel comfortable around
people”.

5.2.2. Flow frequency
Flow frequency was measured by describing the flow experience

and ask participants directly about how frequently they have such ex-
periences, similar to the measure used in Magyaródi and Oláh's (2015)
study (see Appendix A for more information). Participants were asked
“Think about your everyday life, when you are by yourself/with others,
how often does the described experience happen?”, followed by a
seven-point Likert scale ranging from Never (1) to All the time (7).

5.2.3. Flow intensity
The current study employed an adapted version of Flow Proneness

Questionnaire (FPQ). The questionnaire was developed by Ullén et al.
(2011) to measure one's tendency to experience flow in three different
domains: work, maintenance, and leisure time. The questions under
each domain are the same, so we employed the repeated seven items
and instructed participants to think about either a solitary or a social
activity. For each item, participants responded to a seven-point Likert-
type scale, ranging from Not at all (1) to A great extent (7). A sample

item is “When you are by yourself and being caught up in the described
experience, to what extent that … (question stem) you have a sense of
complete control? (the question)”.

5.3. Results

The analysis was conducted using R 3.6.1 (R Core Team, 2019); see
Appendix A for the full list of packages used. No missing data or outliers
was detected. Only one person did not finish high school, so the person
was removed from the following analysis. This resulted in a final
sample of 165 individuals. The assumption of normal distribution and
homoscedasticity were checked to be met (see Appendix A for histo-
grams).

Table 1 presented descriptive statistics and correlations for main
variables. Table 2 presented results of independent t-test and de-
scriptive statistics for participants' flow frequency and flow intensity. As
indicated in Table 2, our H1, that individuals experience solitary flow
more frequently than social flow, was not supported. Moreover, con-
trary to the prediction of H2, the results indicated that individuals ex-
perience flow more intensely when they are alone than being with
others.

Table 3 presented the regression models predicting flow frequency
and flow intensity with activity type and extraversion as two predictors.
Models for flow frequency were first tested. As indicated in Table 3,
since model 1 was not significant, only model 2 with a moderation
analysis provided a good fit to the data. Therefore, extraversion mod-
erated the relationship between activity type and flow frequency. Fig. 1
showed the results for the simple slope analysis. When the personality
score was higher (more extraverted), the relationship between solitary
activity and flow frequency was weakened; when the personality score
was lower (less extraverted), the relationship between solitary activity
and flow frequency was strengthened. Specifically, at one standard
deviation above the mean of extraversion, flow frequency in a social
activity was significantly higher than in a solitary activity (B = −0.94,
t = −2.91, p < .001). At the average level of extraversion, activity
type did not predict flow frequency (B = 0.08, t = 0.35, p = .730). At
one standard deviation below the mean of extraversion, flow frequency
in a solitary activity was significantly higher than in a social activity
(B = 1.10, t = 3.40, p < .001).

Models for flow intensity were then tested. As can be seen from
Table 3, model 1 with activity type and extraversion predicting flow
intensity and model 2 with a moderation analysis were both significant.
When comparing model 1 and 2, F(1,162) = 11.50, p < .001,
ΔR2 = 0.06. Therefore, when the moderation variable was added into
the model, the percentage of variance explained in flow intensity had
significantly increased from 12% to 18%, so model 2 provided a better
fit to the data.

Fig. 2 showed the results for the simple slope analysis, which de-
monstrated that more extraverted individuals tend to experience less
intense flow in a solitary condition than in a social condition. To be

Table 1
Descriptive statistics and correlations for the main variables (N = 166).

Variables M SD 1 2 3 4

1 Flow frequency 4.69 1.56 –
2 Flow intensity 4.73 1.35 0.50⁎⁎⁎ (0.81)
3 Extraversion 30.9 8.97 0.18⁎ 0.29⁎⁎⁎ (0.90)
4 Activity type 0.49 0.50 0.04 0.21⁎⁎ 0.10 –

Note. Activity type was a categorical variable, with 1 representing solitary
condition, and 0 representing social condition. Internal consistency for a scale is
presented in the parentheses. Flow intensity: Flow Proneness Questionnaire
(FPQ); Extraversion: IPIP extraversion questionnaire.

⁎ p < .05.
⁎⁎ p < .01.
⁎⁎⁎ p < .001.
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specific, at one standard deviation above the mean of extraversion,
there was no significant difference in flow intensity between solitary
and social activities (B = −0.15, t = −0.55, p = .580). At the average
level of extraversion, flow intensity was higher in solitary activities
than in social activities (B = 0.51, t = 2.62, p = .010). At one standard
deviation below the mean of extraversion, flow intensity was higher in
solitary activities than in social activities (B = 1.16, t = 4.24,
p < .001) (see Appendix A for exploratory tests).

5.4. Discussion

The current research aimed at understanding the nature of flow by
investigating the optimal experience in both solitary and social activ-
ities among introverts and extraverts. Previous studies have examined
the effect of personality on flow (Bassi et al., 2014; Johnson et al., 2014;
Mesurado & Richaud de Minzi, 2013; Ross & Keiser, 2014; Ullén et al.,
2011), and the effect of activity contexts, especially social and solitary
activities, on flow (Kaye, 2015; Magyaródi & Oláh, 2015, 2017; Ryu &
Parsons, 2011; Walker, 2010). Building upon these great works, the
current research explored how activity type (i.e., solitary and social
activity) and extraversion, as well as their interaction influence flow.
Moreover, the current study has included two aspects of flow as out-
come variables for a more comprehensive understanding of individuals'
optimal experience, namely, flow frequency and flow intensity.

Our first hypotheses, that individuals experience flow more fre-
quently in a solitary condition compared to a social condition, was not
supported. The result demonstrated no statistical difference in flow
frequency between a solitary activity and a social activity. However,
once we added the personality factor (i.e., extraversion), the interaction
between personality and activity type provided an explanation for this
pattern.

Contrary to our second hypothesis, the result showed that in-
dividuals experience flow more intensely in a solitary condition com-
pared to a social condition. The results confirmed the finding in Kaye
(2015), but was contrary to those that were in Walker (2010), Ryu and
Parsons (2011), and Magyaródi and Oláh (2017). This contradiction
could be derived from the ways of conceptualization: when con-
ceptualized flow intensity as only one or two flow dimensions, social
flow is more intense, just as what was found by the second group of
researchers; but when conceptualized the construct as more (seven or

Table 2
Results of t-test and descriptive statistics for participants' flow frequency and flow intensity.

Solitary activity Social activity 95% CI for mean difference t df Cohen's d

M SD M SD

Flow frequency 4.75 1.50 4.67 1.59 −0.61, 0.35 0.53 164 0.08
Flow intensity 5.03 1.28 4.51 1.29 0.17, 0.98 2.79⁎⁎ 164 0.43

Note.
⁎⁎ p < .01.

Table 3
Regression analyses predicting flow frequency and flow intensity with activity
type and extraversion (N = 165).

Flow frequency Flow intensity

β t β t

Model 1
Activity type 0.02 0.32 0.19⁎ 2.53
Extraversion 0.15 1.90 0.27⁎⁎⁎ 3.64

Model 2
Activity type 0.03 0.35 0.19⁎⁎ 2.62
Extraversion 0.50⁎⁎⁎ 4.82 0.51⁎⁎⁎ 5.05
Activity type x extraversion −0.46⁎⁎⁎ −4.45 −0.34⁎⁎⁎ −3.39
Cumulative R2 0.14⁎⁎⁎ 0.18⁎⁎⁎

Note. The continuous predictor extraversion was centered; for activity type,
1 = solitary activity, 0 = social activity.

⁎ p < .05.
⁎⁎ p < .01.
⁎⁎⁎ p < .001

Fig. 1. Simple slope analysis.
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nine) flow dimensions, solitary flow is more intense, as demonstrated in
Kaye (2015) and the current study. As we mentioned in introduction,
participants may report higher flow intensity in a social activity be-
cause they receive feedback of how well they are doing from their
partners (Magyaródi & Oláh, 2017) and the feeling of flow is amplified
due to emotional contagion (Totterdell, 2000). However, it is possible
that these mechanisms only work in some specific types of social ac-
tivities, and since in the current study participants were not limited to
think of one specific type of activity, the effect balanced out.

Our third hypothesis, extraversion moderates the relationship be-
tween activity type and flow frequency, was supported. More extra-
verted individuals reported to experience flow in social activities more
frequently, and more introverted individuals reported to experience
flow in solitary activities more frequently. However, as an explanation
to H1, this effect balanced out when we consider individuals with dif-
ferent extraversion levels as a whole. Therefore, there was no sig-
nificant difference found between solitary flow frequency and social
flow frequency for the full sample. Moreover, the moderation effect
provided an explanation for the mixed results regarding the studies on
extraversion and flow. Without consideration of activity type, extra-
verts could have flow more frequently than introverted individuals
(Johnson et al., 2014; Mesurado & Richaud de Minzi, 2013; Ross &
Keiser, 2014), or have similar amount of flow as introverts (Bassi et al.,
2014; Ullén et al., 2011).

Regarding the exploratory question about the effect of extraversion
and activity type on flow intensity, the pattern found was different from
that of flow frequency. As demonstrated in Fig. 2, more extraverted
individuals reported to have flow equally intense in solitary and social
activities. Introverts and extraverts have similar extent of flow intensity
in solitary activities. However, as participants reported, the more in-
troverted they are, the less intense the social flow they have. Therefore,
social flow seems to be less intense than solitary flow because it occurs
not as strong for introverts when they are with others. One explanation
is that introverts are more anxious about socializing, because higher
cortical arousal creates greater cognitive loads on short-term working
memory, thus making it more difficult for them to multitask in a social
occasion (Lieberman & Rosenthal, 2001). Additionally, the different
patterns found for flow frequency and flow intensity show that it is
meaningful and necessary to differentiate flow frequency from flow
intensity, as these are two different constructs. Therefore, we call for
future studies to view flow frequency and flow intensity as two aspects
of flow, instead of two concepts which can be used interchangeably.

Interestingly, although extraverts do not have solitary flow as often
as introverts, they reported their solitary flow experience to be as in-
tense as do the latter. Being alone is a great situation for flow to occur,
because it allows great concentration, less reflective self-awareness, and
sense of full control (Duval & Wicklund, 1972; Larson, 1990; Larson,
Zuzanek, & Mannell, 1985). Countless examples can be found
throughout history where people create great work or achieve out-
standing accomplishment in solitude, such as Chinese official Sima Qian
who completed Records of the Grand Historian in jail, and American
climber Alex Honnold who conquered El Capitan without any protec-
tion. Just as noted by Csikszentmihalyi (1990), interacting with others
can be a good source of an enjoyable life, but one has to learn to enjoy
solitude as well to complete some of life tasks that demand absolute
concentration.

Despite the interesting patterns found in the current study, there are
limitations. First, only retrospective data were collected, so the distor-
tion of the memory can introduce bias. Since we did not measure in-
dividuals' actual flow in any activities, a possible alternative explana-
tion is that participants only believe their flow experience to be like the
way they indicated. Future studies could ask participants to engage in
real-world solitary and social activities.

Second, not being able to include a dynamic approach to comple-
ment the findings stemmed from a dispositional approach. Personality
psychologists have recognized that it is insufficient to understand
people with only the knowledge of personal traits (Fleeson, 2004;
Mischel & Shoda, 2008). Even if disposition explains well how an in-
dividual is distinct from other people, the person behaves differently
under different situations. For example, introverts can be very talkative
in front of their most close friends but being shy when they talk to a
group of strangers. Today, researchers dedicate to reconciling the dis-
positional approach and dynamic approach to understand human be-
haviors and experiences in a cohesive, complete way (Yang et al.,
2014). Therefore, it is important for future studies to include this part of
research to provide a more comprehensive understanding of flow ex-
perience.

Overall, the study revealed interesting patterns of flow in solitude
and social occasions and suggest a possible explanation for the mixed
relationship between flow in introverts and extraverts in previous stu-
dies. It adds to the understanding of the nature of flow and stresses the
importance of being able to enjoy solitude. The findings of this study
also contribute to ways of fostering flow and achieving a higher level of
happiness.

Fig. 2. Simple slope analysis.
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Appendix A

A.1. The coding of demographic information

For gender, male was coded as one and female was coded as two. For age, participants just wrote down their current age. For race and ethnicity,
Caucasian was coded as one, African American was coded as two, Hispanic or Latino was coded as three, Asian was coded as four, American Indian or
Alaska Native was coded as five, Native Hawaiian or Pacific Islander was coded as six, the other was coded as seven. For educational level, the
question asked, “What's the highest degree or level of school you have completed?” and followed with an explanation in brackets “If you're currently
enrolled in school, please indicate the highest degree you have received”. Seven levels from “Less than a high school diploma” to “Doctorate” were
coded as one to seven, respectively. For employment, “Employed full time (40 or more hours per week)” was coded as one, “Employed part time (up
to 39 hours per week)” was coded as two, “Unemployed” was coded as three, “Student” was coded as four, “Retired” was coded as five,
“Homemaker” was coded as six, “Self-employed” was coded as seven, “Unable to work” was coded as eight. For marital status, “Single (never
married)” was coded as one, “Married” was coded as two, “Widowed” was coded as three, “Divorced” was coded as four. The questions without
specification were all asked in a simple and straightforward way, such as “What's your gender”.

A.2. Measure for flow frequency

Three quotes were presented to describe flow experience, which were used by Csikszentmihalyi in his early research (see Csikszentmihalyi &
Csikszentmihalyi, 1988). These quotes read as:

“My mind isn't wandering. I am totally involved in what I am doing and I am not thinking of anything else. My body feels good… the world seems
to be cut off from me… I am less aware of myself and my problems”, “My concentration is like breathing… I never think of it… When I start, I really
do shut out the world”, and “I am so involved in what I am doing… I don't see myself as separate from what I am doing”.

A.3. Participants' additional information

Almost half of the participants had bachelor's degree (46.1%), with the rest of them had some college but no degree (27.3%), high school degree
(12.7%), master's degree (12.7%), and doctorate degree (1.2%). The majority of participants had full-time jobs (67.9%), with the rest of them had
part-time jobs (10.9%), being homemaker (8.5%), student (4.8%), un-employed (3.6%), self-employed (3.6%), and unable to work (0.6%). Most
participants were single (44.8%) or married (44.2%), others were divorced (9.1%) and widowed (1.8%).

A.4. R packages used in this study

In data analysis, we used the psych (v1.8.12; Revelle, 2018), the jmv (v0.9.6.1; Selker, Love, & Dropmann, 2019), the mice (v3.6.0; Buuren &
Groothuis-Oudshoorn, 2011), the VIM (v4.8.0; Kowarik & Templ, 2016), the effects (v4.1-2; Fox & Weisberg, 2018), the lm.beta (v1.5-1; Behrendt,
2014), the interactions (v1.1.0; Long, 2019), the rcompanion (v2.3.25; Mangiafico, 2020), and the ggplot2 (v3.2.1; Wickham, 2016).

A.5. Histograms

Fig. 1. Histogram for extraversion. ext = extraversion.

T. Liu and M. Csikszentmihalyi Personality and Individual Differences 167 (2020) 110197

6



Fig. 2. Histogram for flow intensity. F_intens = flow intensity.

A.6. Exploratory tests

To test the effect of demographic variables on flow experience in an exploratory way, gender, ethnicity, education level, employment status, and
marital status were transformed into dummy variables. Age was not transformed because it is a continuous variable. Then, all six demographic
factors were added into one regression model. In the model with flow frequency as the outcome variable, the only factor which significantly
predicted flow frequency was having a master's degree compared to high school completion, β = −0.24, t = −2.26, p = .025, indicating that
people who own a master's degree (M = 4.29, SD = 1.55) have flow less frequently than people who finish high school (M = 5.29, SD = 1.31). In
the model with flow intensity as the outcome variable, three factors significantly predict flow intensity, age, β = 0.26, t = 2.57, p = .011, being
divorced compared to being single, β = −0.20, t = −2.03, p = .045, and being divorced compared to being married, β = −0.20, t = −2.23,
p = .027. The results indicated that individuals experience more intense flow as they grow older, and that divorced people (M = 4.21, SD = 1.92)
have less intense flow than single people (M = 4.76, SD = 1.31) and married ones (M = 4.87, SD = 1.15). Importantly, these results should be
treated with caution due to multiple testing and their exploratory nature.

Appendix B. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.paid.2020.110197.
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