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We live and work on the unceded ancestral lands of 
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Muckleshoot nations, and pay our respects to elders 
past and present. 

We work to create inclusive and respectful 
partnerships that honor Indigenous cultures, histories, 
identities, and sociopolitical realities, that dismantle 
ongoing legacies of settler colonialism, and that 
recognize the hundreds of Indigenous Nations who 
continue to resist, live, and uphold their sacred 
relations across their lands.
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QUESTION TIME!

Join mentimeter.com

Type in code: 5363 3331



HOW DID OUTPATIENT YOUTH MENTAL 
HEALTHCARE USE CHANGE DURING COVID?





Variable of interest



STRATIFICATION (GROUPS)

(VARIABLES AS WELL!)



INFERENTIAL STATISTICS



INFERENTIAL VERSUS DESCRIPTIVE STATISTICS

Descriptive statistics: Summarize features of a dataset, such 
as percentages, means, or medians. They do not inform 
about the population or account for other variables.

Inferential statistics: Summarize features of a population 
using a probability-based sample. These are the things 
estimated by statistical models.

In inference: all models are wrong, but some are useful.



CONDITIONAL MEANS



CONDITIONAL MEANS AND EXPECTATIONS

Conditional mean is the expected (average) value of the dependent 
variable (Y) given specific values of the independent variables (X). 

"On average, what outcome do we expect to observe for a particular group 
defined by certain characteristics or conditions?"

 

 Conditional means are at the heart of popular models

𝑬𝑬 𝒀𝒀 𝑿𝑿 = 𝒙𝒙 =  𝛽𝛽0 + 𝛽𝛽1𝑥𝑥 +  ε



“ADJUSTED” DIFFERENCE (BT MEANS)



COEFFICIENTS, ADJUSTED DIFFERENCES

Adjusted differences (or 𝜷𝜷𝟏𝟏) refer to the expected change in the 
dependent variable (Y) associated with a one-unit change in an 
independent variable (X), after accounting for (or adjusting for) ALL 
other variables (Z) included in the model. 

How we estimate this difference depends on our outcome & model choice: 
linear regression, logistic regression, Poisson regression…etc…

𝐸𝐸 𝑌𝑌 𝑋𝑋 = 𝑥𝑥 =  𝛽𝛽0 + 𝜷𝜷𝟏𝟏𝑥𝑥 + 𝛽𝛽2𝒛𝒛 + ε



SMALL DETOUR

Linear regression models estimate a 
best-fitted line, which is the 
estimated difference in our study.

Estimated by minimizing sum of 
squared errors. 

LOGISTIC 
REGRESSION

LINEAR 
REGRESSION

Error (𝜀𝜀)



HOW DO COVARIATES EVEN WORK?

Imagine we’re studying the effect of mental health treatment (X; 1=Yes, 0=No) on a 
mental health score (Y). We suspect that high SES (Z; 1=Yes, 0=No) might also 
influence Y and could differ across groups defined by X (More High SES people get 
treatment).

To accurately estimate the effect of X on Y, we want to account for differences in Z 
across the groups defined by X.

BACK ON TRACK…

𝐸𝐸 𝑌𝑌 𝑋𝑋 = 𝑥𝑥 =  𝛽𝛽0 + 𝛽𝛽1𝑥𝑥 + 𝜷𝜷𝟐𝟐𝒛𝒛 +  ε



HOW DO COVARIATES EVEN WORK?

x 
(Treatment)

z 
(High SES)

% High SES 
within x

Expected value of 
Y if X = x & Z = z 
E(Y| X,Z)

0 (No) 0 (No) 50% 40
0 (No) 1 (Yes) 50 55
1 (Yes) 0 (No) 20% 45
1 (Yes) 1 (Yes) 80 60

1. In the total sample: 65% is High SES; X is evenly split

2. Calculate the expected Y values of X=0 & X=1, after standardizing the distribution of Z to its mean 
in the total sample:
• Adjusted mean for X=0: (40×0.35) + (55×0.65) = 14+35.75 = 49.75
• Adjusted mean for X=1: (45×0.35) + (60×0.65) = 15.75+39 = 54.75

3. Calculate the adjusted difference (X=1 vs. X=0): 54.75 − 49.75 = 5

After controlling for differences in Z, the adjusted difference in the expected outcome (Y) 
between treated (X=1) and not treated (X=0) is 5 points.
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HOW DO COVARIATES EVEN WORK?

x 
(Treatment)

z 
(High SES)

% High SES 
within x

Expected value of 
Y if X = x & Z = z 
E(Y| X,Z)

0 (No) 0 (No) 50% 40
0 (No) 1 (Yes) 50 55
1 (Yes) 0 (No) 20% 45
1 (Yes) 1 (Yes) 80 60

If we didn’t adjust…

•Unadjusted mean for X=0: (40×0.5) + (55×0.5) = 20+27.5 = 47.5
•Unadjusted mean for X=1: (45×0.2) + (60×0.8) = 9+48 = 57

Calculate the uadjusted difference (X=1 vs. X=0): 57−47.5 = 9.5

Nearly 2x the effect size (5 versus 9.5)….



WHAT COVARIATES SHOULD WE USE?

Somewhat debated but important principles to follow..

1. Covariates should occur prior to exposure variable (ie, pre-treatment)

2. Covariates should be informed by prior work and theory

3. Exclude true instrumental variables (ie, TRULY exogenous shocks to 
exposure that only indirectly affect Y; advanced thinking required)

Debate: Should we include all pretreatment covariates or only those that 
we think affect X and Y? (MORE ON THIS IN THE FUTURE)
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PULSE CHECK

Join mentimeter.com

Type in code: 5363 3331



95% CONFIDENCE INTERVAL



WHAT ARE 95% CONFIDENCE INTERVALS?

A 95% confidence interval is a numerical range which, upon 
repeated sampling, will contain the population value 95% of 
the time



P-VALUE



THE DREADED P < .05

This probability value (p value) indicates the probability of 
observing differences as large (or larger in your sample), 
given that the null hypothesis (ie, no differences) was true.

Scholars vary in their value of p-values (particulary p < 0.05)
 Pros: Unbiased, reasonably high & low bar, easy, practical
 Cons: Arbitrary, masks clinical significance, p-hacking

Emerging scholars, p < 0.05 and 95% CIs are a good start. 

You will eventually come across results that are 
p > 0.05 that deserve serious consideration…I promise 



P-VALUE OF “INTERACTION TERM”’



STATISTICAL INTERACTIONS

A statistical interaction (𝜷𝜷𝜷) occurs when the effect of one 
variable on an outcome depends on the level of another 
variable.

𝑌𝑌 =  𝛽𝛽𝛽 + 𝛽𝛽𝛽𝑋𝑋 +  𝛽𝛽𝛽𝑍𝑍 +  𝜷𝜷𝜷𝑋𝑋𝑋𝑋 +  𝜀𝜀

X Y

Z (the moderator)



IMPORTANT DETOUR:
STATISTICAL MEDIATION

A statistical mediation occurs when a variable (ie, mediator) is 
on the causal pathway between an independent and 
dependent variable

X Y

Z

Indirect effect (ie, the mediation part)

Direct effect

𝑌𝑌 =  𝛽𝛽𝛽 + 𝛽𝛽𝛽𝑋𝑋 +  𝛽𝛽𝛽𝑍𝑍 +  𝜀𝜀



REGRESSION MODEL ASSUMPTIONS

33

Statistical modeling assumptions are things we assume to 
be true about the data and model to ensure consistency, 
unbiasedness, and efficiency

A model is consistent if estimates approach the population 
value as the sample size increases.

A model is unbiased if the difference between the estimate 
and population value is zero

A model is more efficient if the standard error (and 95% CI) 
is lower/tighter



REGRESSION MODEL ASSUMPTIONS
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For Linear Regression (Ordinary Least Squares)…

1) The relationships between X’s and Y are linear. (Linearity)

2) Observations are independent—errors are uncorrelated. (IID)

3) Error variance is constant across levels of X (Heteroskedastic)

4) Errors are normal distributed (Normality of errors)

5) X’s are not perfectly correlated (No multicollinearity)
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For Linear Regression (Ordinary Least Squares)…

1) The relationships between X’s and Y are linear. (Linearity)

2) Observations are independent—errors are uncorrelated. (IID)

3) Error variance is constant across levels of X (Heteroskedastic)

4) Errors are normal distributed (Normality of errors)

5) X’s are not perfectly correlated (No multicollinearity)

Error (𝜀𝜀)

𝑌𝑌 =  𝛽𝛽𝛽 + 𝛽𝛽𝛽𝑋𝑋 +  𝜺𝜺
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KNOWLEDGE 
CHECK & REVIEW

Join mentimeter.com

Type in code: 5363 3331



TIME TO RELAX…
YOU LEARNED A THING!



A LOOK INTO THE FUTURE…
HOW DO WE GO FROM REGRESSION TO CAUSAL ANALYSIS?

Causal assumptions are very simple in theory, but VERY complex in practice

1. X must be correlated with Y.

2. The X and Y correlation must not be due to chance alone (see 95% CI and p-value).

3. There must be no other variables that cause X and Y (confounding).

4. Y must not cause X (reverse causation).

38
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We will delve into this in future workshops and you will see…



FUTURE SMARTSTATS WORKSHOPS

All will (more or less) rely on fundamentals covered today

1. Statistical software primers (R Studio, June 25, Wednesday, 11a-12:15p)

2. Causal inference (DiD, Synthetic control, Econometrics)

3. Multi-level modelling

4. Missing data analysis

5. Structural equation modelling

6. Longitudinal data analysis (fixed effects, random effects, and beyond)

7. Machine learning 

40



RESOURCES FOR FURTHER LEARNING
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Beginner friendly

Intermediate, more technical (econometrics)



DISCUSSION AND QUESTIONS

42
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