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Basics

• Clarity
• Any quantitative data presented should aim to be easily interpretable.  Design 

your tables and figures so that the informed reader can figure out the points 
they illustrate 

• Efficiency
• Put in the right amount of information, what is needed to make your point, 

without a flood of material which is not necessary, or omissions that require 
extra work from the reader. 

• Wherever possible, a table or figure should contain all the information 
necessary to interpret it without having to go read something in the text of 
the paper.



• Transparency
• Fully explain everything you did,  the model that you used, the software you 

used, the assumptions of the model...

• Recoverability
• Present enough information so that readers can reconstruct what you did and 

evaluate your analysis.  Maximum recoverability is achieved by open source 
corpora, but this is not feasible for some research, or permitted by some IRB 
protocols.



For a statistical analysis to be credible, something 
needs to be shown that characterizes the data. 
Minimally required are the total number of 
observations (tokens), the number of observations per 
speaker (not as an average), and the distribution of 
speakers across social categories, so that the reader 
can appreciate the balance (or imbalance) in the 
research design. 

Paolillo 2017



Data quantity

• The most basic statistic for any quantitative analysis is N: the number 
of observations, tokens, etc.  

• Report your Ns prominently wherever relevant.  This includes 
subdivisions of the data set,
• by external variables: Ns per speaker, per group of speakers, per speech style 

or setting, etc.

• by internal variables: Ns for each factor in a factor group, each level of a 
predictor variable, etc.



Data quantity and significant digits

• Precision of all statistical information depends directly on N – the number 
of data points, tokens, observations, etc.
• -more data = more precise statistical results, more accurate estimates, higher 

levels of significance

• Therefore, the order of magnitude of all your reported statistics should 
not exceed the order of magnitude of your N.
• Otherwise, you are implicitly claiming greater precision than your data support  

• Rule of thumb: don’t give more significant digits in your stats than you 
have in your N.
• with 10’s of tokens, give 2 significant digits

• with 100’s of tokens, give 3 significant digits

• with 1000’s, give 4



Yiddish verb agreement (Bleaman 2018)



Tamminga, 
LVC 2016



Summary statistics: means, proportions, 
percentages
• Quantitative modeling aims to use independent variables to predict 

or explain the value of some number characterizing the dependent 
variable

• The simplest value that characterizes the dependent variable is
• for continuous variables: the MEAN. e.g. mean formant frequency

• for nominal variables: the PERCENTAGE or PROPORTION of occurrences.     
e.g. % deletion or retention of a segment; % overt vs. null subjects

• Wherever possible, give these simple values in addition to the 
weights, estimates, parameter values etc. that are produced by your 
model.  This provides a simple check on the validity of your model.



The significance of significance

• Significance in statistics is the likelihood of the null hypothesis being true. 

• But what is the null hypothesis?  It is usually comparative: what’s the 
likelihood of the data characterized by predictor X being randomly different 
from the data characterized by predictor Y.

• So what are you comparing?

• What test of significance are you using?

• Reporting: it is usually adequate to give asterisks (*p<.05, **p<.01, etc.), or 
p values with 2-3 significant digits.  For small p values (<.001) there is no 
need to give the number of zeros preceding a non-zero value. 
• e.g. p = 3.45 E13



Hypotheses

• All choices of models imply hypotheses about what affects what. 
Every independent variable included in the model entails a hypothesis 
that it has some effect on the dependent variable. 

• This includes distinctions between levels of a predictor (factors in a 
factor group).  
• e.g. specifying possible phonological contexts as {Obstruent, Glide, Liquid, 

Vowel} vs. {Obstruent, Sonorant, Vowel} vs. {Consonant, Vowel}.  Why choose 
one of these instead of other possible classifications?  

• A paper submitted for publication must be clear on what those 
hypotheses are, and how the quantitative results bear on them.



Modelling
• Most linguistic variation is affected by multiple independent variables, 

whether language-internal or external.  

• The distribution of linguistic variables across the independent variables 
is always lumpy; balanced cells in a cross tab are unlikely to occur.

• Therefore, a multivariate regression analysis is almost always 
necessary.  Separate univariate analyses are rarely appropriate.

• Different multivariate models have different virtues, and make 
different assumptions.  

• The model chosen for any analysis must be explicitly described and 
justified, and the analyst should show awareness of the assumptions 
behind the model.



Mixed effects models

• Multilevel or mixed effects models are used for data where some 
observations are clustered into larger groups: a hierarchical, not 
orthogonal data structure.
• e.g. a set of speakers comprising males and females.  Pete and Harry form the male 

group, Jane and Sally the female group.  These are not orthogonal analyses: Pete can 
never be observed in both the male and female condition.

• The higher level groups are treated as fixed effects, i.e. correlated with the 
dependent variable, while the data points within those groups are treated 
as randomly varying around the central value of the group, hence random 
effects, assumed to be uncorrelated with the dependent variable.

• Goldvarb is a fixed effects model, assuming all factor groups are 
orthogonal.  Individual speakers cannot be included in the same model as 
social groups. 



Reporting main effects

• All independent variables tested should be reported, whether 
significant or not.  Non-significance of a potential predictor is an 
important finding!

• Reports of effects should be readily interpretable.  Specify:
• magnitude of effect (estimate, factor weight)

• direction of effect (sign, whether it favors or disfavors the predicted variant)

• significance.

• The effects (estimates, factor weights, etc.) of every level of every 
predictor (every factor in every factor group) should be reported, 
whether significant or not.  



Convergence

• Regression analyses proceed iteratively, refining estimates at each 
successive iteration, testing whether that iteration has significantly 
improved a goodness of fit measure, continuing until a best fit is achieved.  
This is called convergence.

• But with a complex model, there are very many possible adjustments to 
parameter estimates that can refine the model.  Sometimes it is 
impossible, within practical limits of computational power, to find a unique 
best fit model.  This is nonconvergence.

• Nonconvergence is typically due to an imbalanced distribution of data 
across predictors, such as a collinearity or non-othogonality of predictors.  
(most tokens of x are also tokens of y).   

• If your model fails to converge, explore why!  Restructure the model by 
eliminating the imbalance (e.g. eliminate predictors, collapse levels, etc.)

• Report nonconvergence!



Reference levels in LME models

• Effect estimates are calculated with reference to some level of each 
independent variable.  

• The reference level should always be specified, and relevant summary 
statistics provided for it (e.g. N, %).

• The reference level should be chosen purposefully and sensibly, not by 
default.  The default in R packages is often alphabetical order; this is 
supremely irrelevant and ill-advised. 

• Good motivations for reference level:
• the level with the largest N (which is likely to be the most accurate estimate of the 

effect)
• a level that is at one end of a scale (e.g. the youngest or oldest age group, the 

highest or lowest social class group, the most or least sonorant adjacent segment)



Links, van Kemenade & Grondelaers, LVC 2017



Reference levels with binary and multi-level 
predictors
• A predictor with only two levels will return only one effect estimate: 

how different the reference level is from the other level.

• A predictor with three or more levels will return effect estimates for 
all but the reference level.  The significance statistics will indicate 
whether the estimate is significantly different FROM THE REFERENCE 
LEVEL.

• This does not tell you whether the differences between the other 
estimates is significant or not.  Hence these results may not be 
particularly useful or illuminating.

• Explore and explain differences among levels in multi-level 
predictors.



Forrest, 
LVC 2017



Random effects in variationist linguistics

• The main usage of mixed effects models in variationist research has 
been 
• to treat individuals as random variables in the social dimension, and 

• to treat words as random variables wrt phonological or syntactic variation.

• It is always reasonable to assume random differences between 
individual speakers

• Assuming random differences between words, in their relationship to 
phonological variables, raises the hoary debate in linguistics about 
whether ‘each word has its own history’, or phonological processes 
are systematic (‘exceptionless’) across the lexicon.



Random effects: issues

• Grammatical consistency of the speech community
• Speakers in a community have generally been found, when data are sufficient, 

to share constraints on variables with a remarkable level of consistency.  

• This suggests that idiosyncratic differences are likely to be modest, for 
speakers whose social characteristics are similar,

• Autonomy of phonology and syntax
• The several structural levels of language (syntax, phonology, lexicon) are fairly 

autonomous, so that words behave fairly consistently wrt phonological and 
syntactic properties and processes.

• Documented lexical differences in phonological or syntactic variation are 
relatively modest, and involve a small number of mostly high frequency words



Random effects: data quantity

• In any multivariate analysis, the validity and reliability of an estimate of 
the effect of any predictor or factor is heavily dependent on the N of 
observations relevant to that predictor.

• This includes random effects: each random predictor in the model, e.g. 
individual speakers or individual words, needs an adequate N to yield a 
valid, reliable estimate.  

• What N is adequate?  A common rule of thumb is a minimum of 30 
tokens.

• A good N for individuals may need to be higher, to have sufficient data 
to see if they have the same effects for a number of other constraints.  
(Guy 1980 indicates c. 100 tokens are needed per individual to get 
good estimates.)



Random effects: statistical assumptions

• Most models assume that random effects will have a normal 
distribution (being random, after all!)

• This is likelier to be true with a large number of cases, but with smaller 
samples, not so much.

• With a modest number of speakers, it’s very possible to have a skewed 
distribution (with a preponderance of speakers at one side) or a 
bimodal distribution (with two separate clusters).  

• These deviations from normality will impair the validity of your 
analysis.  Therefore, you probably need at least 20-30 random factors 
for a valid analysis (20-30 speakers, or 20-30 different words)



Random effects for lexical items

• Using random effects for words encounters serious data quantity 
problems.  

• The Zipfian distribution of lexical frequency means that a few words 
will have large Ns and the vast majority of words will have low 
frequencies.
• Words with N below 30 should not be analyzed separately; rather, they should 

be pooled, which undermines the point of a mixed effects model for word.

• High-frequency words are shown to behave differently in a number of 
studies.
• So, if they show distinctive random effects, is this due to their lexical identity 

or their lexical frequency.

• Hence the use of random effects for lexical item is of dubious utility.  If 
you really expect lexical idiosyncrasy,  make this the focus of your 
study, not a collateral feature of your model. 



Reporting random effects

• Strive for N ≥ 30 for every random factor (word or speaker)

• Always report Ns and summary statistics (means or percentages) for 
each random effect.  (Paolillo 2017: “At an absolute minimum, the 
standard deviations of all random effects should be reported.”)

• Inspect the results for random factors, and report:
• are they meaningful?
• are they fairly normally distributed?
• are they significant?
• are some words or speakers really substantially different from others?
• if so, which ones, and why?
• How much of the variance do they explain?  If it’s a lot, the fixed effects aren’t 

doing much (your variability isn’t very orderly); if it’s very little, there’s not much 
point in using a mixed model

• Occam’s Razor: use the fewest explanatory principles necessary! 



Interactions

• Interactions are important to identify but hard to interpret and 
understand

• By all means, test for them, but purposefully: what is the implicit 
hypothesis for each interaction you test for?

• Three-way interactions are very hard to interpret.
• What hypothesis motivated you to test for it?
• Do you understand what it means?
• Can you explain it?

• Testing lots of possible interactions increases the likelihood of getting 
a spurious ‘significant’ effect (at the p= .05 level, you should get one 
false positive for every 20 tests.)



Interaction: 
Class and 
gender
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Interaction 
between 
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ethnicity: 
BOUGHT in 
NYC: 
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2010

 121 

 

 

Figure 23. Mean Normalized BOUGHT height for all speakers, by age and 

ethnicity (** indicates correlations that are significant, all at the p < .001 

level) 



Examples



Bouchard, 
2017  



Tagliamonte
et al., 2017



Tagliamonte
et al., 2017



Clark & Watson, LVC 2016. 
Realization of prepausal –t as /h/



Links, van Kemenade & Grondelaers, LVC 2017





Burnett, Koopman & Tagliamonte, LVC 2018



One more thing: Graphics

• While tabular presentations of data have great virtues, notably 
digital specificity, graphical representations are often more effective 
at communicating a finding.
• They are literally ‘graphic’!

• Examples: vowel spaces and other acoustic measures, temporal 
trends, geographic trends, proportions, box-plots for means and 
standard deviations...
• Becker’s BOUGHT data: interaction between ethnicity and time

• Consider carefully what the most effective representation of your 
data is.  
• It may mean using both tables and figures.
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