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ABSTRACT
Although research on the topic is sparse, previous research suggests highest levels of
anxiousness in the afternoon, with lowest levels in the morning and evening. To examine this
rhythm further, we conducted a study on 39 students at The Pennsylvania State University to
determine if, and when, rhythms of anxiousness and stressfulness occur during the day and
during the week. They self-rated their anxiousness and stressfulness levels six times daily, every
three hours beginning just after their natural wake-up time, for five consecutive days, Monday
through Friday. The results suggest that university students do experience rhythms of
stressfulness and anxiousness: for daily rhythms, with daily highest anxiousness and
stressfulness in the early afternoon, and weekly rhythms, with highest anxiousness and
stressfulness Tuesday and Wednesday. These results could advance aid clinicians who treat
student patients who experience anxiety and stress, especially during specific times of the day

and week.
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Introduction
Do people experience daily rhythms of anxiousness and stressfulness in relation to bodily

rhythms? If so, at what time of day or time of week are they the highest and lowest? Many
factors can contribute to anxiousness. These include intense worrying about future events,
dealing with unexpected events, feeling threatened, or constantly sensing general, daily stress
(Chorpita & Barlow 1998; Mineka & Oehlberg, 2008; Schmidt et al., 2000). About 30% of
young adults between the ages of 18-29 are frequently associated with having high anxiety
levels, which is why it is of interest to conduct this research on college students (Kessler et al.,
2005). Stress, on the other hand, is a different dimension. It results from everyday stressors
known as “hassles.” Examples include keeping up with healthy habits like exercising and
sleeping efficiently, having too many things to do at once, and misplacing a belonging.
Stressfulness results from unresolved challenges occurring in everyday, while anxiousness
results from the negative feelings that are larger and more powerful than those resulting simple
daily hassles. Anxiety lingers; stress usually does not.

Little research has been done on time-of-day occurrences and anxiety-stress levels. One
of the first was the Hopkins’ studies (1994, 2000), in which data were collected from 23
participants with clinically diagnosed Generalized Anxiety Disorder, using self-rated measures
of anxiety at three times daily, early morning, midday, and evening, for a 14-week period. Nine
out of 23 experienced a daytime (i.e., diurnal) pattern in their anxiety levels. No data were
collected during the night (i.e., nocturnally). Out of those nine, five experienced the highest
anxiety midday, which followed by an evening low. This seems to suggest that there likely is a

diurnal rhythm that exists in people, and even further suggests that this anxiety reaches its peak
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in the afternoon and lowest point in the evening. The other 14, however, apparently did not
experience diurnal rhythms, for their curves were not statistically significant.

Cameron et al. (1986), received similar data from 63 participants, 40 of which had panic
disorders, and 23 of which had other anxiety disorders (Generalized Anxiety Disorder,
agoraphobia without panic disorder, phobias, and Obsessive-Compulsive Disorder) by having
them measure their anxiety levels five times daily for the “previous several months” (p. 214). Of
the 63 participants, most experienced highest anxiety levels afternoons. Differing from Hopkins,
Cameron et al. (1986) observed lowest anxiety morning, not evening. While both of these studies
suggest decreased anxiety mornings and evenings, relative to afternoons, this difference is worth
investigating.

Based on the findings from these two studies, it was predicted that university students
will experience highest anxiousness afternoons and lowest in the morning and/or evening.
However, since more times are rated, a more precise timing of peak anxiety may be found. Since
no consistent findings suggested a single daily low, it was predicted that morning and evening
levels will be the same, with no statistical differences. We also predicted that students will
experience diurnal rhythms of stressfulness. Although no previous research has observed weekly
rhythms of stressfulness, we predicted that university students will be most stressed and anxious
in the middle of the week, assuming then to be the busiest time for students to get things done
before taking a break for the weekend. Finally, we predicted that there will be a general
statistically significant increase in the stress-anxious group over the non-stress-anxious group,
even though both follow similar daily and weekly rhythms.

If rhythms are found, then understanding time-of-day effects on stressfulness and

anxiousness could serve as an important role in comprehending anxiety as a whole and
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potentially benefit clinicians and their patients to build effective strategies to decrease their

anxiety levels at certain times.
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Methods
Design
This study is a mixed model repeated measures design, using two groups and six self-

measurements daily for five consecutive days (Monday-Friday). Two variables were measured:
anxiousness and stressfulness. The between-group condition is moderate stressfulness
anxiousness vs. minimal stressfulness and anxiousness. The within-subject repeated measure is

self-rating each variable for five consecutive days, Monday through Friday, six times per day.

Materials
All participants needed a personal cell phone available to record and transmit their self-

rated levels of stressfulness and anxiousness, immediately following telephone prompts by the
experimenter, using the smartphone app GroupMe. All participant responses were transmitted

via the confidential survey website, Qualtrics.

Participants
Thirty-nine university students, in an introductory psychology class, ages 18-29,

voluntarily participated in this study. The GAD-Q-IV screening survey (Newman, Zuellig,
Kachin, Constantino, Przeworski, Erickson, & Cashman-McGrath, 2002) selected a “moderate
stressfulness and anxiousness target group” having sub-clinical criterion levels of anxiety. These
occur typically in university students from various kinds of continuous performance academic
tasks, including exams and scholarly papers. The Global Measure of Perceived Stress survey
(Cohen, S., Hamarck, T., & Mermelstein, R., 1983), similarly, selected those having realistically
occurring moderate-to-low stress levels. The mild stressfulness and anxiousness group (called
the “Comparison” group) rated themselves on the same screening questionnaires as having very
little to no anxiety or stress. Both groups were assessed for their “chronotype,” or time of day
preferences and practices (Brown & LaJambe, 2017). This means, participants were selected

who considered themselves as “daytime” preferring persons, rather than more extreme
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“morning” or “evening-type” in their sleeping-waking activity. Therefore, they must wake up
between the hours of 7:30 am-930 am every weekday morning. Also, selected were those who
averaged at least seven or more hours of nightly sleeping, to prevent possible anxiousness and
stressfulness that is known to result from chronic partial-sleep deprivation. There were 12 males

and 27 females in this study.

Procedure
Students took the initial screening survey (Appendix A) through the Psychology Subject

Pool that asked questions regarding their self-rated stress, anxiety, well-being, and sleep
schedules to determine if they qualified for the study. From those responses, the comparison and
control groups were contacted.

Once this screening and the potential placement process was completed, participants
came to the Human Performance Rhythms Laboratory for a study training session. Immediately,
they were asked to read the study’s informed consent statements. Once all participant questions
were answered and the consent forms were signed, the study’s instructions were given. The
experiment began the following Monday morning. There were two groups of participants—an
early group of participants who awakened between 7:00 and 8:15 am during the week, and a later
group who awakened between 8:15 and 9:30 am during the week. On the first morning, subjects
woke up at their usual awakening time. Following their first phone prompting by the
experimenter at 7:30 am for the early group and at 9:00am for the later group, each participant
recorded their self-rated anxiety and stress level, and then they did so five more times every three
hours from that point on, within a maximum 30-minute lag of the three-hour probe time. Upon
completion of data collection Friday evening, the subjects either came back into the lab or were

emailed, their preference, a “debriefing statement” and officially completed the study.
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Results

A repeated-measures analysis of variance data affirmed a significant presence of diurnal

rhythms both for anxiousness (p = 0.012) and stressfulness (p = 0.004), for both the target and

comparison groups, with peak mid-day to early afternoon. Again these amounts varied markedly

between the two groups.
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Figure 4 Stressfulness scores six times/day from Monday - Friday

Data plotting of the moderate stressfulness-anxiousness group target is shown in Figure 1
for diurnal rhythms and the comparison group is shown in Figures 2 for diurnal rhythms. Figure
3 shows data for the moderate stressfulness-anxiousness group for the five-day academic week
rhythms, and Figure 4 shows data for the comparison group for the five-day academic week
rhythms. In all cases, the moderate stressfulness-anxiousness target group rated their anxiousness
and stressfulness much higher than the Comparison group, with the SEMs of the group means at
the six phone reporting times not overlapping at all, indicating a significant difference. The grey

lines in Figures 1 and 2 indicate the level of the pooled values between the target and

Comparison group means.
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The five-day distribution of the results in Figures 3 and 4 indicate an academic week
rhythmicity as well for both anxiousness (p = 0.002) groups and stressfulness (p = 0.001), with

peaking Tuesday and Wednesday, followed by a tapering off Thursday and lowest on Friday.
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Discussion

These results demonstrate that both the stress-anxious group and the non-stress-anxious
groups of students do experience daily and weekly rhythms of anxiousness and stressfulness.
Specifically, students seem to experience the highest anxiousness and stressfulness levels in the
early afternoon, as well as Tuesday and Wednesday during the week. When looking closely, the
graphs also show that students rated both anxiousness and stressfulness levels lowest during the
morning and evening hours, with no difference between those times. Students also rated
anxiousness and stressfulness lowest Fridays, most likely due to anticipation for the upcoming
weekend. The difference between the two groups of students is also noticeable. As though of
similar patterns, the stress-anxiousness group is significantly higher throughout most of the day
compared.

Given the paucity of research on diurnal and weekly rhythms of anxiousness and
stressfulness, one interpretation for why these rhythms exist is the busy, typical lives of
university students. We think that most students may have the majority of their activities going
on in the afternoon, whether these are class, work, or other extracurricular involvement. Also, the
middle of the week, specifically Tuesday and Wednesday, could be the most hectic for students
as well; they may need to get everything done before the weekend, and perhaps the middle of the
week is when students are the most engulfed their schoolwork. These speculations might be
hypothesized as major contributing factors to these apparently systematic rhythms of
stressfulness and anxiousness levels.

There are some adjustments that could be made in future studies to better improve the
validity. For example, although participants most likely use the terms “stress” and “anxiety” in

their daily lives, it is not certain whether they truly understand the differences. In future studies,
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the researcher could have the participants demonstrate a clear understanding of the differences
between the terms to increase construct validity.

In regards to internal validity, an aspect that might be improved would is the testing
effects. Subjects in this study were sent a total of 30 identical surveys three hours apart, six times
daily over five consecutive days during their awake time. Perhaps they grew fatigued by the end
of each day or the end of the week and were not carefully answering the questions. This may be
something difficult to correct for, for this research calls for as many measurements as possible in
order to capture the detail of the daily and weekly rhythms. Perhaps future experimenters could
switch the order of the questions so that participants have to attend to each question to answer it
with a greater degree of alertness and accuracy.

Finally, as with many studies that use university students who average 18-22 in age, it is
difficult to determine full external validity. Then too, among “university students,” there is
probably variability, from those at a large university to those at a small liberal arts college, who
may have different amounts or types of stressfulness or anxiousness because of this. Other
factors that increase statistical variability are random events in students’ lives. For example, a
university student who takes night classes and also works a part-time job on Friday nights may
experience highest levels of stressfulness and anxiousness during the night and on Fridays,
compared to a university student who does not have a job and only has classes during the
afternoon. To correct for this study participants could be matched on potentially relevant factors;
any of these make differences in time-of-day and week effects on stressfulness and anxiousness.

Aside from the validity threats above, there may also be limitations to this study. For
example, self-report measures of research participants may be questionable, for it cannot be

certain if they are reporting accurately their levels of stressfulness and anxiousness. Second, this
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limitation also covers the confounding variable of chronic partial-sleep deprivation. To minimize
this effect, our study excluded anyone claiming to get less than six hours of sleep. However,
accuracy of sleeping patterns can be questioned. Participants could wear actigraphs that measure
general patterns of activity and rest. Another limitation is the sample size of the study that
relegates it to a preliminary study status. A major study requires a beta analysis to determine the
minimum sample size to determine an adequate level of significance.

In conclusion, the results demonstrate daily and weekly rhythms of stressfulness and
anxiousness in a college-age sample. With the knowledge gained from this experiment, the
ultimate goal is to aid clinicians in helping student patients deal with stress and anxiety related
issues. If patients are aware of when they feel most anxious and stressed, together, they could
work to produce time-related treatment interventions. Clearly, this could help to improve the
lives of patients and students experiencing these predictable rhythms of anxiousness and

stressfulness.
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Appendix A
Screening Questionnaire

These questions ask you about your feelings and thoughts during the last six months. In
each case, you will be asked to estimate how often you felt or thought a certain way. Although
some of the questions are similar, there are differences between them and you should treat each
one as a separate question. The best approach is to answer each question fairly quickly. That is,
don’t try to count the times you felt a particular way; instead, write in the number that seems to
be a reasonable estimate for that question.

For each question, write in the blank one of the following alternative numbers:
0. never 1.almostnever 2.Sometimes 3. fairly often 4. very often

1. I tend to bounce back after hard times
2. Do you experience excessive worry?

3. During the last six months, have you often been bothered by excessive and
uncontrollable worries more days than not?

4. In the last six months, how often have you dealt successfully with irritating life hassles?
5. I have a hard time making it through stressful events
6. Is your worry excessive in intensity, frequency, or amount of distress it causes?

7. In the last six months how often have you felt that you were effectively coping with
important changes that were occurring in your life?

8. It does not take me long to recover from a stressful event

9. In the last month, how often have you felt confident about your ability to handle your
personal problems?

10. It is hard for me to snap back when something bad happens
11. Do you find it difficult to control your worry (or stop worrying) once it starts?

12. In the last month, how often have to been able to control the way you spend your
time?

13. In the last month, how often have you been able to control irritations in your life?
14. In the last six months how often have you felt that things were going your way?

15. 1 usually come through difficult times with little trouble
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16. Do you worry excessively and uncontrollably about minor things such as being late
for an appointment, minor repairs, homework, etc.?

17. 1 tend to take a long time to get over setbacks in my life
18. In the last month, how often have you felt that you were on top of things?

19. In the last month, how often have you found yourself thinking about things that you
have to accomplish?

20. In the last month, how often have you felt difficulties were getting so high that you
could not overcome them?

21. In the last month, how often have you been upset because of something that happened
unexpectedly?

22. In the last month, how often have you felt that you were unable to control the
important things in your life?

23. In the last month, how often have you felt nervous and “stressed”?

24. In the last month, how often have you found that you could not cope with all the
things that you had to do?

25. In the last month, how often have you been angered because of things that happened
that were outside of your control?

26. During the last six months, have you often been bothered by restlessness or feeling
keyed up or on edge more days than not?

27. During the last six months, have you often been bothered by difficulty falling/staying
asleep or restless/unsatisfying sleep more days than not?

28. During the last six months, have you often been bothered by difficulty concentrating
or your mind going blank more days than not?

29. During the last six months, have you often been bothered by irritability more days
than not?

30. During the last six months, have you often been bothered by being easily fatigued
more days than not?
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31. During the last six months, have you often been bothered by muscle tension more
days than not?

32. How much do worry and physical symptoms interfere with your life, worry, social activities,
family, etc.? Write one number:

0 1 2 3 4 5 6 7 8
| | | | | | | | |

Not at all Mildly Moderately Severely Very Severely

33. How much are you bothered by worry and physical symptoms (how much distress does it
cause you)? Write one number:

0 1 2 3 4 5 6 7 8
| | | | I | | | |

Not at all Mildly Moderately Severely Very Severely

34. If you feel worried on a particular day, at what time do you typically feel the MOST worried?
(circle one) AM PM

35. If you feel worried on a particular day, at what time do you typically feel the LEAST
worried? : (circle one) AM PM

36. If you feel anxious on a particular day, at what time do you typically feel the MOST anxious?
(circle one) AM PM

37. If you feel anxious on a particular day, at what time do you typically feel the LEAST
anxious? : (circle one) AM PM

38. How many topics do you worry about excessively and uncontrollably?:

39. On the night before a typical day of work or school for you, what time do you usually go to
bed? : AM PM

40. On the morning of a typical day of work or school for you, what time do you usually get up?

: AM PM
41. | feel best when I sleep for hours and minutes per night.
42. Generally, | get about hours and minutes of sleep per night.

Answer the following questions as if you did not work, and did not have to take care of any
children, or other people, or animals, or anything, and that your time was your own and you are
free to set your own schedule, like being on a restful vacation. For every question, even though it
may be difficult, please check the response that would fit you the best.
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43. Thinking only of your own “feeling best” times of day, what time would you get up if you
were completely free to plan your day?

____ 5:00-6:30 in the morning

___6:30-7:45 in the morning

____T7:45-9:45 in the morning

_9:45-11:00 in the morning

_11:00 morning — 12:00 noon

44. Thinking only of your own “feeling best” times of day, what time would you go to bed if you
were completely free to plan your evening?

___8:00-9:00 in the evening

__9:00-10:15 in the evening

__10:15 evening — 12:30 night

_12:30-1:45 at night

___1:45-3:00 at night

45. Under free time conditions, how easy do you find getting up in the morning?
_____ Notat all easy

_____ Slightly easy

___ Fairly easy

_ Veryeasy

46. If you go to sleep at night at a regular time, how wide awake do you feel during the first half
hour after getting up in the morning?

____Not at all wide awake

______Slightly wide awake

_____ Fairly wide awake

__ Very wide awake

47. If you go to sleep at night at a regular time, during the first half hour after getting up in the
morning, how tired or rested do you feel?

___ Verytired

____ Fairly tired

___ Fairly refreshed

___ Very refreshed

48. In your free time you have decided to do some physical exercise. A friend says do this one
hour twice a week and the best time is 7:00-8:00 in the morning. Thinking of nothing else but
your own “feeling best” times, how do you think you would do at that time?

___Would be in very good form
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Would be in pretty good form
Would find it difficult
Would find it very difficult

49. Suppose you have nothing but free time, at what time in the evening do you feel tired and
need to get some sleep?

____8:00-9:00 in the evening

__9:00-10:15 in the evening

__10:15 evening — 12;30 at night

_12:30-1:45 at night

__1:45-3:00 at night

50. You want to be at your top performance for a test (for a job promotion, for example) which
you know is going to take two hours and will completely tire you out mentally. You are
completely free to plan your day. Thinking only of your own “feeling best” times, which
ONE of the four testing times would you choose?

____8:00-10:00 in the morning

__11:00 morning — 1:00 in the afternoon

____3:00-5:00 in the afternoon

____T7:00-9:00 in the evening

51. “Morning people” wake up early and are wide awake fast, but then feel tired in the evenings
and like to go to bed before it gets late. “Evening people” take some time before they get
going in the mornings, but like to stay up late at night. Which ONE of these types do you
think you are?

_____For sure a morning type

______More a morning than an evening type

______More an evening than a morning type

_____For sure an evening type

52. When would you like to get up (if you have a full day’s work—8 hours—ahead of you, for
example) if you were completely free to set your work time?

______ Before 6:30 in the morning

___6:30-7:30 in the morning

___T7:30-8:30 in the morning

______8:300r later in the morning

53. Suppose that you did not work, but you still always had to get up at 6:00 in the morning.
What do you think it would be like for you?
Very difficult and unpleasant
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Rather difficult and unpleasant
A little unpleasant but no great problem
Easy and not unpleasant

54. If you could go to sleep at a regular time every night, how much time would it take to “clear
your head” in the morning after getting up from a night’s sleep?
0-10 minutes
__11-20 minutes
__ 21-40 minutes
______ More than 40 minutes

55. If you were free to set your time, please mark how much you would be a morning or evening
active person.

__Very much early morning active (wide awake mornings and tired evening)

_______Somewhat morning active

_______Somewhat evening active

___Very much evening active (tired mornings and wide-awake evenings)
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Appendix B
Stressfulness/Anxiousness Survey Questions

Below are the questions that the participants will be probed to respond to every three hours
though Qualtrics.

Questions will be set up so that participants choose an answer from a bulleted list.

One a scale of 0-9 (0 being not at all, 9 being extremely much)...

1. How anxious are you currently feeling?

0 1 2 3 4 5 6 7 8 9
2. How stressed are you currently feeling?

0 1 2 3 4 5 6 7 8 9
3. How fatigued are you currently feeling?

0 1 2 3 4 5 6 7 8 9
4. How sleepy are you currently feeling?

0 1 2 3 4 5 6 7 8 9
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