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ANALYZING CATA DATA

• Most CATA software produces data in the form of counts
– i.e., number of words related to a given construct or dimension
– Easily exported as a spreadsheet

• Count data is discrete, not continuous
– Continuous data can take any value between two points
– Discrete data is more restrictive (e.g., counts are non-negative)

• Discrete data present several challenges to traditional analyses
– Violate assumptions (i.e., normality and homoscedasticity)

• Often biases standard error estimates and test statistics
– Predicted values can be out of range or result in strange interpretations

SO, NOW WHAT?



GENERALIZED LINEAR MODELING

• Generalized linear models are a general class of statistical models 
that include a number of common special cases



GENERALIZED LINEAR MODELING

• GLMs have three (3) basic components
1. Linear Predictor (η) – the linear combination of explanatory variables (e.g., X1, X2,…Xn)

2. Family Distribution (y ~) – the probability distribution that theoretically produces the 
dependent variable

• Any exponential distribution can be specified
• E.g., normal (Gaussian), Bernoulli, Poisson, negative binomial, gamma, etc.

3. Link Function (g(·)) – relates the mean of the distribution to the linear predictor; 
linearizes the relationship between the DV and IVs

• E.g., identity, logit/probit, log, complementary log-log, power, etc.
• The canonical link is the natural link function of a given distribution



GENERALIZED LINEAR MODELING
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GENERALIZED LINEAR MODELING: AN EXAMPLE

• RQ: How is retained earnings related to exploration rhetoric in shareholder 
letters?

– Firms likely use exploration rhetoric to justify higher RE
– “We’re just one kid in a garage with a good idea away from going out of business” –

Bill Gates (when questioned about RE policy)

• Sample: Shareholder letters for S&P 500 firms from 2005-2011
– Shareholder letters are a common means through which firms communicate with 

shareholders

• CATA: Shareholder letters were content-analyzed using CATScanner 1.0
– Exploration rhetoric measured using Uotila and colleagues (2009) measure
– Exported as .csv file then imported into Stata 13



GENERALIZED LINEAR MODELING: AN EXAMPLE
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CASE 1: CROSS-SECTIONAL STUDY WITH COUNT DV

• Test relationship between RE and exploration rhetoric using 
simple OLS and Poisson regression

𝐸𝐸 𝑌𝑌𝐸𝐸𝐸𝐸𝐸𝐸 = 𝜂𝜂 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛽𝛽2𝑋𝑋𝐴𝐴𝐴𝐴𝑆𝑆 + 𝛽𝛽3𝑋𝑋𝐻𝐻𝐻𝐻 + 𝛽𝛽4𝑋𝑋𝑅𝑅𝐸𝐸 + ε
Where, Y ~ Normal

ln[𝐸𝐸 𝑌𝑌𝐸𝐸𝐸𝐸𝐸𝐸 ] = 𝜂𝜂 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛽𝛽2𝑋𝑋𝐴𝐴𝐴𝐴𝑆𝑆 + 𝛽𝛽3𝑋𝑋𝐻𝐻𝐻𝐻 + 𝛽𝛽4𝑋𝑋𝑅𝑅𝐸𝐸 + ε
Where, Y ~ Poisson



CASE 1: CROSS-SECTIONAL STUDY WITH COUNT DV



CASE 1: CROSS-SECTIONAL STUDY WITH COUNT DV



CASE 2: PANEL STUDY WITH COUNT DV

• Test relationship between RE and exploration rhetoric using simple 
panel linear regression and generalized estimating equations
– Compensates for autocorrelation in longitudinal data

𝐸𝐸 𝑌𝑌𝐸𝐸𝐸𝐸𝐸𝐸 = 𝜂𝜂 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛽𝛽2𝑋𝑋𝐴𝐴𝐴𝐴𝑆𝑆 + 𝛽𝛽3𝑋𝑋𝐻𝐻𝐻𝐻 + 𝛽𝛽4𝑋𝑋𝑅𝑅𝐸𝐸 + ε
Where, Y ~ Normal

ln[𝐸𝐸 𝑌𝑌𝐸𝐸𝐸𝐸𝐸𝐸 ] = 𝜂𝜂 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛽𝛽2𝑋𝑋𝐴𝐴𝐴𝐴𝑆𝑆 + 𝛽𝛽3𝑋𝑋𝐻𝐻𝐻𝐻 + 𝛽𝛽4𝑋𝑋𝑅𝑅𝐸𝐸 + ε
Where, Y ~ Poisson



CASE 2: PANEL STUDY WITH COUNT DV



CASE 2: PANEL STUDY WITH COUNT DV



CASE 3: RCM STUDY WITH COUNT DV
• Test relationship between RE and exploration rhetoric using a linear RCM model and a 

generalized linear mixed model
– Estimating fixed effects and random intercept and slope effects for RE by firm

𝐸𝐸 𝑌𝑌𝐸𝐸𝐸𝐸𝐸𝐸 = 𝜂𝜂 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛽𝛽2𝑋𝑋𝐴𝐴𝐴𝐴𝑆𝑆 + 𝛽𝛽3𝑋𝑋𝐻𝐻𝐻𝐻 + 𝛽𝛽4𝑋𝑋𝑅𝑅𝐸𝐸 + ε
𝛽𝛽0 = 𝛾𝛾𝐼𝐼𝐼𝐼 + 𝑢𝑢𝐼𝐼𝐼𝐼
𝛽𝛽4 = 𝛾𝛾𝐼𝐼𝐼𝐼 + 𝑢𝑢𝐼𝐼𝐼𝐼

Where, Y ~ Normal

ln[𝐸𝐸 𝑌𝑌𝐸𝐸𝐸𝐸𝐸𝐸 ] = 𝜂𝜂 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝛽𝛽2𝑋𝑋𝐴𝐴𝐴𝐴𝑆𝑆 + 𝛽𝛽3𝑋𝑋𝐻𝐻𝐻𝐻 + 𝛽𝛽4𝑋𝑋𝑅𝑅𝐸𝐸 + ε

𝛽𝛽0 = 𝛾𝛾𝐼𝐼𝐼𝐼 + 𝑢𝑢𝐼𝐼𝐼𝐼
𝛽𝛽4 = 𝛾𝛾𝐼𝐼𝐼𝐼 + 𝑢𝑢𝐼𝐼𝐼𝐼

Where, Y ~ Poisson



CASE 3: RCM STUDY WITH COUNT DV



CASE 3: RCM STUDY WITH COUNT DV



CASE 4: RCM GROWTH STUDY WITH COUNT DV
• Examine exploration rhetoric over time using a linear RCM model and a generalized linear 

mixed model
– Estimating fixed effects and random intercept and slope effects for time by firm

𝐸𝐸 𝑌𝑌𝐸𝐸𝐸𝐸𝐸𝐸 = 𝜂𝜂 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋𝐻𝐻𝑆𝑆𝑇𝑇𝑆𝑆 + ε

𝛽𝛽0 = 𝛾𝛾𝐼𝐼𝐼𝐼 + 𝑢𝑢𝐼𝐼𝐼𝐼
𝛽𝛽1 = 𝛾𝛾𝐼𝐼𝐼𝐼 + 𝑢𝑢𝐼𝐼𝐼𝐼

Where, Y ~ Normal

ln[𝐸𝐸 𝑌𝑌𝐸𝐸𝐸𝐸𝐸𝐸 ] = 𝜂𝜂 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋𝐻𝐻𝑆𝑆𝑇𝑇𝑆𝑆 + ε

𝛽𝛽0 = 𝛾𝛾𝐼𝐼𝐼𝐼 + 𝑢𝑢𝐼𝐼𝐼𝐼
𝛽𝛽1 = 𝛾𝛾𝐼𝐼𝐼𝐼 + 𝑢𝑢𝐼𝐼𝐼𝐼

Where, Y ~ Poisson



CASE 4: RCM GROWTH STUDY WITH COUNT DV



CASE 4: RCM GROWTH STUDY WITH COUNT DV

Notice – no random slopes….



CONCLUSIONS

• Generalized linear models offer several advantages
– Data are analyzed in their correct form
– Unbiased standard errors and p-values
– Easier and more direct interpretation of model coefficients

• But, GLIMs should be approached with caution and patience
– Model estimates are sensitive to specification errors
– Can be tedious to estimate all parameters

• Iterative method of solving the likelihood equation (e.g., Newton-Raphson algorithm)
• Particularly random effects with more complicated error structures

– Convergence difficult when:
• Low variance
• Model is underidentified
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