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emotion, an important dimension beyond the valence 
captured by PA and NA. As an example, while frustrated 
and infuriated are both negative emotions, infuriated is 
higher in activation. Dominance represents the controlling 
and dominant nature of an emotion. For instance while both 
fear and anger are negative emotions, anger is a dominant 
emotion, while fear is a submissive emotion. 

Linguistic Style. We also use measures to characterize 
change based on the use of linguistic styles in posts from 
new mothers during the prenatal and the postnatal periods 
[8]. Linguistic styles capture how language is used by 
individuals and provide information about their behavioral 
characteristics subject to their social environment [7,23]. 
We again referred to LIWC for determining 22 specific 
linguistic styles: articles, auxiliary verbs, conjunctions, 
adverbs, impersonal pronouns, personal pronouns, 
prepositions, functional words, fillers, assent, negation, 
certainty and quantifiers.  

OBSERVATIONS OF POSTPARTUM CHANGES 
We share several empirical observations prior to focusing 
on the task of constructing classifiers to predict postpartum 
changes in new mothers. The observations illustrate the 
manner in which mothers change in their behavior as 
manifested through our different measures. Figure 1 shows 
heat maps of individual-level changes for five measures: 
volume, replies, negative affect, activation and first-person 
pronoun use. For brevity, we focus on these measures as 
illustrative examples of change, though we note that most 
measures showed similar patterns. Greater details of 
changes in different measures across the cohorts of mothers 
can be referred to in [8]. 

The heat maps in Figure 1 display a variety of shifts in 
patterns, including how some new mothers may show 
noticeable changes in their behavior on Twitter. Changes 
are observed in the decreasing and increasing directions. 
Some new mothers exhibit only small changes while others 
show more extreme shifts in one or more measures.  

For instance, the heat maps show a considerable decrease in 
volume, replies, and activation following childbirth for a 

subset of the mothers. Such decreases indicate that these 
women are posting less, suggesting a possible loss of social 
connectedness following childbirth. We also observe a 
noticeable increase in NA for a portion of the mothers. This 
finding may be attributable to these mothers’ physical, 
mental, and emotional exhaustion [19], as well as the sleep 
deprivation typical of parenting a newborn. Similarly, the 
drastic reduction in activation during the postnatal phase for 
some mothers may indicate emotions of low intensity, 
perhaps based in fatigue from handling daily tasks around 
care of the newborn. Finally, we find that the use of the 
first-person pronoun increases considerably for some 
mothers, possibly reflecting increases in attention to self 
and emotional distancing from others after childbirth [7,30].  

The cohort of mothers showing extreme changes (in either 
direction, depending on the measure, e.g., decreasing for 
volume, increasing for NA) is of particular interest to us, as 
these significant changes could indicate difficulty adjusting 
to new motherhood, including emotional changes seen in 
maternity blues. In fact, prior literature establishes that the 
above-observed signs of considerable decrease in social 
interaction (e.g., lowered volume), generally unhappy 
postings (e.g., lowered PA, high NA), and psychological 
distancing (e.g., high 1st person pronoun use) may point to 
emotional instability, depression vulnerability, or existing 
depression [7]. In this light, classifying and predicting the 
behavior of mothers who will later show extreme negative 
postpartum changes ahead of time, may be useful in 
flagging risk of forthcoming behavioral health problems. 

PREDICTION FRAMEWORK 

We now pursue the use of supervised learning to construct 
classifiers trained to predict postpartum behavioral and 
emotional changes of new mothers. To this end, we use 
observations of our measures during the prenatal phase: 
engagement, emotion, ego-network, and linguistic style.  

Classification Setup 
Given observed data during the prenatal period, we frame 
prediction as a binary classification problem per measure, 
where we discriminate the following two classes: 
x Extreme-changing mothers: the first group (class C1) 

comprises mothers whose mean value of a measure in 
postpartum after childbirth is considerably less than (or 
greater than, depending on the measure of interest) that 
before childbirth, with respect to a suitably chosen 
empirical threshold τ that is discussed below;  

x Standard-changing mothers: the second group (class C0) 
comprises those mothers not in the extreme change class. 

To construct these two classes, we need to estimate the 
expected directionality of change2 of a particular measure 
indicating the manner in which the mothers deviate in their 
                                                           
2Normalized change per mother is defined as the difference 
between mean value of a measure postpartum and the mean value 
of the same measure in the prenatal period, divided by the latter. 

Figure 1. Heat maps (scaled on RGB spectrum with red=high, 
blue=low) showing changes in five measures behavior in new 
mothers during postpartum, compared to prenatal period. Center 
white line in each figure represents estimated time of childbirth.  
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