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Model Fitting: Examining the Link Between Valence and Arousal 

We sought to model the relation between valence and arousal at the message level (in the 

calibration sample) and the week level (in the validation sample). Following Kuppens, 

Tuerlinckx, Barrett, and Russell (2013), to formally probe this relation, for each sample we fit a 

series of models to the data, each of which represented a distinct hypothesized relation between 

valence and arousal. To aid in parameter interpretation, prior to model fitting, we grand-mean 

centered valence and arousal annotations in the calibration sample, and in the validation sample 

we person-mean-centered valence and arousal ratings (which themselves were nested within-

persons; see Enders & Tofighi, 2007). Given that weekly ratings of valence and arousal were 

nested within users in the validation sample, we used multilevel modeling to fit these models. 

The seven models were as follows. Model 1 represented arousal as orthogonal to valence, 

Model 2 represented arousal as a symmetric positive linear function of valence, Model 3 

represented arousal as a symmetric v-shaped function of valence (i.e., by predicting arousal from 

the absolute value of valence), and Models 4-6 represented arousal as an asymmetric v-shaped 

function of valence. Specifically, Model 4 included a parameter allowing for the positive and 

negative valence slopes to have different intercepts (i.e., a positivity/negativity offset), Model 5 

included a parameter allowing for the positive and negative slopes to have different steepness 

(i.e., a positivity/negativity bias), and Model 6 included both an offset and a bias parameter. 

Finally, Model 7 represented arousal as an asymmetric, positive linear function of valence, in 

that it included parameters for both positivity/negativity offset and positivity/negativity bias. 

We assessed model fit using approximate fit indices for each sample, given that these 

seven models are not hierarchically nested. In the calibration sample, we used the intuitive 

coefficient of determination (i.e., R2). In the validation sample, we used the Akaike Information 
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Criterion (AIC) and the Bayesian Information Criterion (BIC) to index relative fit of each model; 

these indices penalize complex models with more freely estimated parameters, and lower values 

indicate better fit. Tables S1 and S2 show complete model details and fit statistics for the 

calibration and validation samples, respectively.  
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Results: Links Between Emotion and User Gender and Age 

We found that women tended to show higher average levels of valence and arousal than 

men (rs = .22 and .23, respectively, ps < .001). Given that conveying emotion through Facebook 

status updates can be considered a form of expression, this finding is broadly consistent with 

previous work showing that women tend to be more emotionally expressive than men, 

particularly for positive emotions (e.g., Kring & Gordon, 1998; LaFrance, Hecht, & Levy 

Paluck, 2003). Women also showed greater variability in valence than men (β = .19, p < .001) 

but not in arousal (β = -.01, p = .65); the link with valence may be explained by prior work 

showing that women may, in some circumstances, show more emotional reactivity than men 

(Gard & Kring, 2007; Grossman & Wood, 1993). Age showed a relatively weak association with 

average levels of valence and arousal (rs = .06 and .02, respectively, ps > .14); although prior 

work has shown that people tend to experience less negative affect as they age (e.g., Charles, 

Reynolds, & Gatz, 2001), this effect may not have emerged as strongly here given that our 

sample was primarily comprised of young adults. Younger adults also showed greater variability 

in valence than older adults (β = -.12, p < .01) but arousal variability showed no link with age (β 

= -.04, p = .17); the link with valence is in line with some prior evidence showing that affect 

variability decreases with age (Röcke, Li, & Smith, 2009).  
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Table S1: Model fit statistics for relation between valence and arousal in calibration sample 

Model Proposed Relation R2 

1 Independence .000 

2 Linear Relation .049 

3 V-shaped: Symmetric .163 

4 V-shaped: Positivity offset .172 

5 V-shaped: Negativity bias .180 

6 V-shaped: Positivity offset and negativity bias .181 

7 Linear Relation: Positivity offset and negativity bias .181 

N = 2,985 emotion observations  
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Table S2: Model fit statistics for relation between valence and arousal in validation sample 

Model Proposed Relation AIC BIC 

1 Independence 27520 27543 

2 Linear Relation 25571 25618 

3 V-shaped: Symmetric 27356 27402 

4 V-shaped: Positivity offset 26542 26622 

5 V-shaped: Negativity bias 26114 26192 

6 V-shaped: Positivity offset and negativity bias 26096 26212 

 7 Linear Relation: Positivity offset and negativity bias 25426 25542 

N = 303,576 emotion observations  
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Figure S1: Histogram of words per Facebook status in the calibration sample.   
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Figure S2: Valence as a function of arousal in the calibration sample. Each point represents an 

annotated estimate of valence and arousal for one Facebook status (N = 2,985 statuses).
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Figure S3: Temporal distribution of weeks included in the final validation sample.  
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Figure S4: 

Stability of valence and arousal mean and standard deviations as a function of different 

thresholds for (a) 2 to 29 messages per week (top row), and (b) 2 to 29 weeks per person (bottom 

two rows). Vertical axis values represent correlations for sub-samples of different sizes (2 to 29) 

(a) between weekly emotion estimates derived in with a “ground truth” estimate using > 30 

messages per week, and (b) between weekly emotion estimates and “ground truth” estimates 

using > 30 weeks per person (with at least 10 messages per week). In each panel, we sought to 

determine the subsample size for which this correlation exceeded .80 (i.e., a threshold for 

adequate reliability, shown as a horizontal line). 
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Figure S5: Histogram of Facebook statuses per user (across 640 users) included in the validation 

sample. Every user has at least 14 weeks with at least 10 statuses each in them for a minimum of 

at least 140 statuses (actual empirical minimum: 152). 
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Figure S6: Histogram of weeks per user (across 640 users) included in the validation sample, for 

a total of 17,936 weeks. Every user has at least 14 weeks of data. 
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Table S3: Relations between demographics, personality and weekly valence and arousal with no 

age or gender controls 

 

Note: Valence and arousal standardized coefficients for users’ mean-levels across weeks or 

standard deviation across weeks (variability) regressed against personality and demographics. 

Coefficients for variability are adjusted for mean levels. 
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Table S4: Descriptive statistics for primary variables in validation data set 

 

Note. M and SD are used to represent mean and standard deviation, respectively. Values in 

square brackets indicate the 95% confidence interval for each correlation. * indicates p < .05. ** 

indicates p < .01. 
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Figure S7. User time series in validation data set. Green dots indicate weeks for which estimates 

are available, red dots signify insufficient data. All weeks shown relative to user, with the first 

row being the first week for which a weekly estimate is available for a given user, and all 

subsequent weeks in that column are weeks subsequent to that week for that user. Total range of 

weeks (from first week with estimate to last week with estimate) is 15 to 125 per user (mean = 

57.62 , SD = 24.09). 
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Table S5. Average autocorrelations for lags of 1 to 7 weeks for valence and arousal in validation 

data set 

 

Table S6. Associations of lag 1 autocorrelation coefficients across users in validation data set 
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