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Diurnal	  and	  Seasonal	  Mood	  
Vary	  with	  Work,	  Sleep,	  and	  Day	  
length	  Across	  Diverse	  Cultures	  



Summary	  
•  One	  of	  the	  early	  works	  examining	  relationship	  between	  social	  

media	  mood	  and	  behavior	  and	  psychological	  theories.	  
•  The	  potential	  of	  online	  social	  media	  to	  study	  individual	  behavior.	  
•  Identify	  daily	  and	  seasonal	  mood	  variations	  and	  relate	  it	  to	  work,	  

sleep	  and	  daylight.	  
•  Validate	  circadian	  rhythms	  in	  humans.	  

–  PA	  spike	  in	  the	  morning,	  NA	  increases	  as	  the	  day	  progresses	  

•  Measure	  positive	  affect	  and	  negative	  affect	  based	  on	  the	  lexicon	  
LIWC.	  

•  PA	  and	  NA	  are	  not	  mirror	  images	  of	  each	  other.	  







Not	  All	  Moods	  Are	  Created	  
Equal!	  Exploring	  Human	  
EmoKonal	  States	  in	  Social	  
Media	  



Summary	  
•  Analysis	  of	  human	  moods	  beyond	  typically	  examined	  PA	  and	  

NA.	  
•  Use	  of	  amazon’s	  mechanical	  turk	  to	  determine	  a	  corpus	  of	  mood	  

indicative	  words.	  
•  Basic	  idea:	  use	  hashtagged	  moods	  as	  self-‐reported	  information	  

on	  the	  emotional	  state	  of	  a	  person.	  
•  Use	  of	  the	  circumplex	  model	  to	  examine	  characteristics	  of	  

identified	  moods.	  
•  This	  is	  because	  moods	  not	  only	  have	  a	  valence	  attribute,	  but	  also	  an	  

activation	  attribute.	  

•  The	  mood	  corpus	  is	  used	  to	  	  examine	  aspects	  of	  human	  
behavior:	  degrees	  of	  mood	  usage,	  sociality,	  activity	  and	  
participatory	  patterns	  such	  as	  information	  sharing	  (via	  links)	  and	  
conversation.	  	  



Modeling	  Public	  Mood	  and	  Emotion:	  
Twitter	  Sentiment	  and	  Socioeconomic	  
Phenomena	  –	  (Bollen,	  Pepe,	  Mao,	  2010)	  
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Figure 4: Raw POMS Confusion scores (left) vs.
their variance normalization (right).

1 standard deviation. This is used to highlight short-
term fluctuations of public mood as a result of partic-
ular short-term events;

2. Variance normalized: a 153 day, 6-dimensional time
series whose variance has been normalized to a scale
of 1 standard deviation. This is used to assess changing
mood levels over time in relation to long-term changes
in socio-economic indicators.

The results of our data collection, aggregation and time
series production outlined above are summarized in the mas-
ter diagram of Fig. 9. Starting from the top, Fig. 9 displays
for the period under study:

1. a timeline of the most important social, cultural, po-
litical and economic events;

2. the DJIA and WTI trend lines;
3. the time series extracted from our collection of tweets

for each of the POMS mood dimensions, z-score nor-
malized.

Shaded areas indicate the span of events that lasted for more
than one day. Vertical lines originate in the time line’s events
and run across all mood dimensions to provide a visual frame
of reference.

4. RESULTS
Our investigation of the produced public mood time se-

ries proceeds in two phases. First, we assess the validity of
our sentiment analysis by examining the e↵ects of particular
events, namely the U.S. Presidential election of November 4,
2008, and the Thanksgiving holiday in the U.S., on our time
series. Second, we examine the long-term e↵ects of socio-
economic indicators on general mood levels across longer
periods of time.

4.1 Case studies
Our first case study is the 2008 US Presidential election

which was held on November 4, 2008. The mood curves in
Fig. 5 are presented as blue “sparklines” for each of the
mood dimensions. The x-axis expresses time in days; it
spans 15 days before and after election day. The period two
days before and after election day is shown as a gray area for
convenient location of mood changes in that period of time.
The y-axis corresponds to mood z-scores, expressed in stan-
dard deviations from the mean. A scale is not provided
since we are mostly interested in the pattern of increasing
and decreasing POMS mood scores for each of the di↵er-
ent dimension, rather than their exact value. However, all
discussed peaks and troughs are nearly or above 2 standard
deviations from the mean as shown in Fig. 9.
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Figure 5: Sparklines for public mood before, during
and after the US presidential election on November
4, 2008.
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Figure 6: Sparklines for public mood before, during
and after Thanksgiving on November 27, 2008.

The mood curves shown in Fig. 5 provide a fine-grained
view of public mood changes in the three-day period sur-
rounding election day (November 4, 2008). We observe a
spike in Depression and Confusion on November 3, and re-
markably a sharp drop in Fatigue that started two days be-
fore election day. This could indicate a surge in tweets that
express doubt and apprehension about the outcome of the
election, and calls for action on election day which leads to
a drop in Fatigue. November 4 is characterized by a drop in
Confusion to baseline levels, a further drop in Fatigue and a
sharp peak in Tension, indicating tweets that express calls
for action and concern and/or excitement over the election.
The outcome of the election is celebrated on November 5
where mood levels drop to nominal levels, except a signifi-
cant spike in Vigour and a large drop in Fatigue. An exam-
ination of tweet content reveals a preponderance of tweets
expressing high levels of energy and positive sentiments over
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Figure 4: Raw POMS Confusion scores (left) vs.
their variance normalization (right).

1 standard deviation. This is used to highlight short-
term fluctuations of public mood as a result of partic-
ular short-term events;

2. Variance normalized: a 153 day, 6-dimensional time
series whose variance has been normalized to a scale
of 1 standard deviation. This is used to assess changing
mood levels over time in relation to long-term changes
in socio-economic indicators.

The results of our data collection, aggregation and time
series production outlined above are summarized in the mas-
ter diagram of Fig. 9. Starting from the top, Fig. 9 displays
for the period under study:

1. a timeline of the most important social, cultural, po-
litical and economic events;

2. the DJIA and WTI trend lines;
3. the time series extracted from our collection of tweets

for each of the POMS mood dimensions, z-score nor-
malized.

Shaded areas indicate the span of events that lasted for more
than one day. Vertical lines originate in the time line’s events
and run across all mood dimensions to provide a visual frame
of reference.

4. RESULTS
Our investigation of the produced public mood time se-

ries proceeds in two phases. First, we assess the validity of
our sentiment analysis by examining the e↵ects of particular
events, namely the U.S. Presidential election of November 4,
2008, and the Thanksgiving holiday in the U.S., on our time
series. Second, we examine the long-term e↵ects of socio-
economic indicators on general mood levels across longer
periods of time.

4.1 Case studies
Our first case study is the 2008 US Presidential election

which was held on November 4, 2008. The mood curves in
Fig. 5 are presented as blue “sparklines” for each of the
mood dimensions. The x-axis expresses time in days; it
spans 15 days before and after election day. The period two
days before and after election day is shown as a gray area for
convenient location of mood changes in that period of time.
The y-axis corresponds to mood z-scores, expressed in stan-
dard deviations from the mean. A scale is not provided
since we are mostly interested in the pattern of increasing
and decreasing POMS mood scores for each of the di↵er-
ent dimension, rather than their exact value. However, all
discussed peaks and troughs are nearly or above 2 standard
deviations from the mean as shown in Fig. 9.
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Figure 5: Sparklines for public mood before, during
and after the US presidential election on November
4, 2008.
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Figure 6: Sparklines for public mood before, during
and after Thanksgiving on November 27, 2008.

The mood curves shown in Fig. 5 provide a fine-grained
view of public mood changes in the three-day period sur-
rounding election day (November 4, 2008). We observe a
spike in Depression and Confusion on November 3, and re-
markably a sharp drop in Fatigue that started two days be-
fore election day. This could indicate a surge in tweets that
express doubt and apprehension about the outcome of the
election, and calls for action on election day which leads to
a drop in Fatigue. November 4 is characterized by a drop in
Confusion to baseline levels, a further drop in Fatigue and a
sharp peak in Tension, indicating tweets that express calls
for action and concern and/or excitement over the election.
The outcome of the election is celebrated on November 5
where mood levels drop to nominal levels, except a signifi-
cant spike in Vigour and a large drop in Fatigue. An exam-
ination of tweet content reveals a preponderance of tweets
expressing high levels of energy and positive sentiments over

the outcome of the election10.
Our second case study relates to the celebration of Thanks-

giving (November 27), a national holiday in the U.S. that
is nearly always associated with copious amounts of calorie-
dense food, family gatherings and American football. The
sparklines shown in Fig. 6 bear this out. All mood dimen-
sions remain nearly at baseline levels with the exception of
Vigour which spikes significantly on Thanksgiving Day indi-
cating happy, active mood. We also notice a dip in Fatigue
which along with the significant increase in Vigour further
confirms the picture of Thanksgiving as a happy, energetic
holiday.

The sparklines in Fig. 5 and Fig. 6 do not do justice to the
large magnitudes of the discussed mood changes, however.
Against the backdrop of the week- or month-long patterns
as shown in Fig. 9 the spikes in Vigour and Tension sur-
rounding the presidential election reflect a move of nearly
4 standard deviations, respectively -1 to +3 standard de-
viations for Vigour and -2 to +2 standard deviations for
Tension. Thanksgiving corresponds to the most significant
positive spike in Vigour of the entire period we study, i.e. 0
to +4 standard deviations.

4.2 General correlation drivers versus public
mood trends

In this sub-section, we examine the ability of large-scale
economic indicators such as the DJIA and the WTI to drive
public mood. In Fig. 9 we visualize the time series of the
produced POMS dimensions of mood as well as the DJIA
and WTI over the same period of time, namely August 1,
2008 to December 20, 2008.

Public sentiment fluctuated significantly in this tumul-
tuous period under the influence of the U.S. presidential
campaign and election, the failures of several large, interna-
tional banks, the DJIA dropping in value from above 11,000
points to less than 9,000, significant changes in the price of
crude oil, and the o�cial start of the deepest world-wide
economic recession since World War II. This is reflected by
the large fluctuations of the mood curves shown in Fig. 9
which exhibit large swings in value that range from several
standard deviations below the mean to several standard de-
viations above the mean on a daily or weekly scale. A few
notable examples:

August 17-20 Depression swings from -1 standard devia-
tion to +3.3 standard deviations, and back in less than
3 days.

August 28-September 2 Right after John McCain announces
Sarah Palin as his running mate, Tension swings from
-2 standard deviations to +2 standard deviations in a
few days.

October 20 Depression swings from -1 standard deviation
to +2 standard deviations and back to -1.5 in the span
of 3 or 4 days.

Throughout this tumult, the emotional response of the
Twitter community was highly di↵erentiated. None of the
mood dimensions’ values were statistically significantly cor-
related across all days in the period under investigation.

10Although the election results become known later in the
evening of November 4, the date and time in our data are
recorded in GMT+0. As a result even the immediate reac-
tions to Obama’s victory were mostly recorded on November
5 in our data.

We calculate pairwise Spearman Rank order correlations be-
tween each mood dimension by the day, thereby producing
the 6⇥6 correlation matrix M which contains no statistically
significant correlations for N = 141.

M =

2

66666664

Ts Cf Vg Ft Ag Dp
1.00 0.00 0.02 �0.05 0.09 0.07
0.00 1.00 �0.04 0.00 0.06 �0.02
0.02 �0.04 1.00 �0.02 0.00 �0.01

�0.05 0.00 �0.02 1.00 �0.06 �0.01
0.09 0.06 0.04 �0.06 1.00 0.00
0.07 �0.02 �0.01 �0.01 0.00 1.00

3
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To assess the e↵ect of changes in the DJIA and WTI on
public mood levels, we define 4 crucial periods in which the
DJIA underwent significant changes in value. We examine
the extent of mood changes across those 4 periods. The
following four periods were selected on the basis of the data
shown in Fig. 9:

DJIA-I: August 1 to 24 The Dow Jones remained stable
at a value above 11,000.

DJIA-II: September 15 to October 9 The DJIA falls
precipitously from a value above 11,000 to less than
9,000.

DJIA-III: October 9 to 25 A plateau is reached after the
crash and the collapse of the Iceland banking system.

DJIA-IV: December 1-20 : After Thanksgiving, the DJIA
maintains a low plateau at 8500 to 9,000 points.

Fig. 7 shows the sparklines for the six mood dimensions
as observed in the period under study. The displayed val-
ues are variance-normalized as discussed in Section 3.4, i.e.
they are normalized according to a 30-day running standard
deviation, but not their mean. This ensures the visibility
of long-term trends in average mood levels over time. The
DJIA periods as defined above are marked as gray bars on
the graph.
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Figure 7: Sparklines for public mood in period Au-
gust, 2008 to December 20, 2008 compared to DJIA
values in 4 distinct periods of change.



Many	  of	  the	  sentiment	  theories	  used	  
are	  grounded	  in	  psychology:	  what	  is	  the	  
utility	  of	  studying	  Twitter?	  



Twitter	  is	  used	  by	  millions,	  but	  could	  it	  
also	  have	  bias?	  



Dictionary	  approach	  of	  mood	  detection:	  
what	  is	  its	  limitation?	  



True	  emotion	  versus	  displayed	  emotion	  
on	  social	  media:	  how	  would	  you	  tackle	  
this	  issue?	  



People	  use	  social	  media	  for	  all	  kinds	  of	  
reasons	  and	  purposes.	  Would	  that	  affect	  
the	  moods	  they	  express?	  



Would	  “self-‐presentation”,	  “social	  
comparison”	  or	  identity	  impact	  the	  
kinds	  of	  moods	  shared?	  



Can	  social	  media	  manifested	  emotion	  
have	  a	  cultural,	  demographic,	  or	  
geographical	  bias?	  



Could	  the	  moods	  of	  certain	  Twitter	  users	  
be	  more	  “important”	  than	  others?	  (Hint:	  
influencers	  and	  contagion)	  



What	  are	  some	  of	  the	  other	  aspects,	  not	  
considered	  in	  the	  papers,	  they	  may	  
impact	  mood?	  (Hint:	  Aristotle	  said:	  
“man	  is	  a	  social	  animal”)	  



One	  possible	  application	  is	  to	  study	  
Twitter	  moods	  during	  important	  events,	  
and	  how	  they	  impact	  each	  other.	  
However	  can	  public	  displays	  of	  mood	  
from	  others	  impact	  our	  opinions?	  



Now	  let’s	  talk	  about	  the	  Facebook	  
emotion	  contagion	  study!	  


