
DATA ANALYSIS
Week 5: More correlation and regression



what’s 
coming 
up



logistics: 
midterm 1 Feb 27 2025

content: Week 1 
through Week 5

two parts

in-person conceptual 
portion (quiz-like + 

short answer)

closed book 
(+ help sheet)

take-home 
computational 

portion (problem set-
like: due Monday)

open book but NOT 
open person

practice exams 
now available



today’s 
agenda

more on correlations

assessing model fit 



recap: correlation and regression

- Pearson’s correlation (r) measures the linear relationship between two variables

𝜌 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 =
σ(𝑋−𝜇𝑥)(𝑌−𝜇𝑦)

𝑁 𝜎𝑥𝜎𝑦
=

σ 𝑧𝑥𝑧𝑦

𝑁
OR 𝑟 𝑠𝑎𝑚𝑝𝑙𝑒 =

σ(𝑋−𝑀𝑥)(𝑌−𝑀𝑦)

(𝑁−1)𝑠𝑥𝑠𝑦
=

σ 𝑧𝑥𝑧𝑦

𝑁−1

- linear regression uses r to fit a straight line to the data

𝑏 = 𝑟
𝑠𝑦

𝑠𝑥

𝑎 = 𝑀𝑦 − 𝑏𝑀𝑥



lingering question populations

variance (𝜎2) =
σ(𝑋−𝜇)2

𝑁
=

𝑆𝑆

𝑁

standard deviation 

(𝜎 )=  
σ(𝑋−𝜇)2

𝑁
=

𝑆𝑆

𝑁

z-scores = 
𝑋−𝜇

𝜎

correlation 

𝜌 =
σ 𝑧𝑥𝑧𝑦

𝑁

samples

sample variance (s2) = 
σ(𝑋 − 𝑀)2

𝑛 − 1
=

𝑆𝑆

𝑛 − 1

sample standard deviation (s) 

=  
σ(𝑋−𝑀)2

𝑛−1
=

𝑆𝑆

𝑛−1

z-scores = 
𝑋−𝑀

𝑠

correlation 

r=
σ 𝑧𝑥𝑧𝑦

𝑁−1

- I'm still having trouble 

differentiating between samples 

and populations when calculating 

z-scores



special cases

- no relationship between X and Y

- r  = 0, b = 0

- Y = bX + a = a = 𝑀𝑦 − 𝑏𝑀𝑥 = 𝑀𝑦

- Y = 𝑀𝑦 for all values of X

- mean of Y is still our best model if there 

is no relationship between X and Y

- what is b when X and Y are standardized?

- b = r when 𝑠𝑥 = 𝑠𝑦 = 1



line of best fit & means

- 𝑎 = 𝑀𝑦 − 𝑏𝑀𝑥

- 𝑏 = 𝑟
𝑠𝑦

𝑠𝑥

- rearranging the intercept equation:

- 𝑀𝑦 = 𝑎 + 𝑏𝑀𝑥

- the line of best fit passes through means 

of X and Y

Y = a + bX + error

𝑀𝑦

𝑀𝑥



relationship between b and r

- 𝑎 = 𝑀𝑦 − 𝑏𝑀𝑥

- 𝑏 = 𝑟
𝑠𝑦

𝑠𝑥

- the slope of the line (𝑏)  is simply the 

correlation adjusted to the original units 

of the data

- correlation and linear regression provide 

the same conceptual information about 

how two variables are related

Y = bX + a + error



W5 Activity 1a 

- calculate the correlation and slope for data1

- create a scatterplot with a trendline

- you can use the STDEV/CORREL formulas



W5 Activity 1b 

- as r increases, does b always increase?

- recalculate correlation and slope for data2



W5 Activity 1b 

- as r increases, does b always increase?

- recalculate correlation and slope for data2

- the spread of Y relative to X got smaller, even though r increased

- 𝑏 = 𝑟
𝑠𝑦

𝑠𝑥



W5 Activity 1c 

- if the spread of Y changes, do r and b both change?

- recalculate correlation and slope for data3



W5 Activity 1c 

- if the spread of Y changes, do r and b both change?

- recalculate correlation and slope for data3

- correlation remains the same, slope increases

- correlation is scale-invariant

- 𝑏 = 𝑟
𝑠𝑦

𝑠𝑥



W5 Activity 2

- on Canvas/course website

- two questions

- complete on your own

- discuss with a peer

- re-attempt



W5 Activity 2a debrief

- The average number of hours freshmen spend on social media per day is 5 (SD = 3). The average GPA in the 

freshman class is 3.5 (SD = 0.2). The correlation between time spent on social media and GPA is r = -0.75.

- Shaan's GPA is 3.7. What is your best prediction for how many hours Shaan spends on social media per day?

- X = GPA = 3.7, Y = social media

- 𝑀𝑥 = 3.5, 𝑀𝑦 = 5

- 𝑠𝑥 = 0.2, 𝑠𝑦 = 3 

- 𝑏 = 𝑟
𝑠𝑦

𝑠𝑥
 = -0.75

3

0.2
= −11.25 

- 𝑎 = 𝑀𝑦 − 𝑏𝑀𝑥 = 44.375

- 𝑌 = 𝑎 + 𝑏𝑋 = 44.375 − 11.25 (3.7) = 2.75



W5 Activity 2a debrief

- The average number of hours freshmen spend on social media per day is 5 (SD = 3). The average GPA in the freshman class 

is 3.5 (SD = 0.2). The correlation between time spent on social media and GPA is r = -0.75.

- Shaan's GPA is 3.7. What is your best prediction for how many hours Shaan spends on social media per day?

- X = GPA = 3.7, Y = social media

- 𝑀𝑥 = 3.5, 𝑀𝑦 = 5

- 𝑠𝑥 = 0.2, 𝑠𝑦 = 3 

- 𝑧𝑥  = 
(𝑋 −𝑀𝑥)

𝑠𝑥
 =

3.7−3.5

0.2
=

0.2

0.2
= 1

- ෞ𝑧𝑦 = 𝑟 𝑧𝑥  = -0.75 * (1) = -0.75 

- ෞ𝑧𝑦  =
𝑌− 𝑀𝑦

𝑠𝑦

- 𝑌 = ෞ𝑧𝑦  𝑠𝑦  + 𝑀𝑦  = -0.75*𝑠𝑦  + 𝑀𝑦  = -0.75(3) + 5 = 2.75



W5 Activity 2b

- The average number of hours freshmen spend on social media per day is 5 (SD = 3). The 

average GPA in the freshman class is 3.5 (SD = 0.2). The correlation between time spent 

on social media and GPA is r = 0.75.

- Selena spends 6 hours on social media. What is your prediction for Selena’s GPA?

- X = social media = 6, Y = GPA *notice the flip of X and Y!!

- could we use the same line’s equation for this?

- 𝑌 = 𝑎 + 𝑏𝑋 = 44.375 − 11.25𝑋



W5 Activity 2b

- The average number of hours freshmen spend on social media per day is 5 (SD = 3). The average GPA in the 

freshman class is 3.5 (SD = 0.2). The correlation between time spent on social media and GPA is r = 0.75.

- Selena spends 6 hours on social media. What is your prediction for Selena’s GPA?

- X = social media = 6, Y = GPA *notice the flip of X and Y!!

- the same line’s equation cannot be used, prediction is NOT symmetric!

- 𝑀𝑦 = 3.5, 𝑀𝑥 = 5

- 𝑠𝑦 = 0.2, 𝑠𝑥 = 3 

- 𝑏 = 𝑟
𝑠𝑦

𝑠𝑥
 = -0.75

0.2

3
= −0.05 

- 𝑎 = 𝑀𝑦 − 𝑏𝑀𝑥 = 3.75

- 𝑌 = 𝑎 + 𝑏𝑋 = 3.75 − 0.05 (5) = 3.45



W5 Activity 2b

- The average number of hours freshmen spend on social media per day is 5 (SD = 3). The average GPA in the 

freshman class is 3.5 (SD = 0.2). The correlation between time spent on social media and GPA is r = 0.75.

- Selena spends 6 hours on social media. What is your prediction for Selena’s GPA?

- X = social media = 6, Y = GPA *notice the flip of X and Y!!

- 𝑀𝑦 = 3.5, 𝑀𝑥 = 5

- 𝑠𝑦 = 0.2, 𝑠𝑥 = 3 

- 𝑧𝑥 = 
(𝑋 −𝑀𝑥)

𝑠𝑥
 =

6−5

3
=

1

3
= 0.33

- ෞ𝑧𝑦 = 𝑟 𝑧𝑥 = -0.75 * (0.33) = -0.25

- ෞ𝑧𝑦  =
𝑌− 𝑀𝑦

𝑠𝑦
  and so 𝑌 = ෞ𝑧𝑦 𝑠𝑦 + 𝑀𝑦 = -0.25*𝑠𝑦 + 𝑀𝑦 = -0.25(0.2) + 3.5 = 3.45



today’s 
agenda

more on correlations

assessing model fit 



how good is the line of best fit?

- even the line of “best” fit may ultimately not fit the data 

very well due to the inherent variability in the data

- how we assess model fit? 

- data = model + error

- data = 𝑎 +  𝑏𝑋 + error

- our favorite friend: sum of squared errors (SS)!

𝑌 = 𝑎 +  𝑏𝑋 = predictions

𝑆𝑆𝑒𝑟𝑟𝑜𝑟 = σ𝑖=1
𝑛 (𝑦𝑖 −𝑎 − 𝑏𝑥𝑖)2 = σ(𝑌 −  𝑌)2

- this represents the error left over after a line has been fit



understanding model fit

𝑀𝑦

𝑆𝑆𝑡𝑜𝑡𝑎𝑙

𝑆𝑆𝑚𝑜𝑑𝑒𝑙 𝑜𝑟 𝑆𝑆𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛

𝑆𝑆𝑒𝑟𝑟𝑜𝑟 𝑜𝑟𝑆𝑆𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑆𝑆𝑡𝑜𝑡𝑎𝑙 =  (𝑌 − 𝑀𝑦)2

𝑆𝑆𝑒𝑟𝑟𝑜𝑟 =  (𝑌 − 𝑌)2

𝑆𝑆𝑚𝑜𝑑𝑒𝑙 =  σ( 𝑌  − 𝑀𝑦)2 

(𝑋𝑖,𝑌𝑖)𝑌𝑖

𝑋𝑖

𝑆𝑆𝑚𝑜𝑑𝑒𝑙 denotes the difference, i.e., the error that our line is able to explain 
vs. what was left over from the mean!

𝑆𝑆𝑡𝑜𝑡𝑎𝑙 denotes the total error left over after the mean has been fit to Y

𝑆𝑆𝑒𝑟𝑟𝑜𝑟 denotes the error left over after the line 𝑌 = 𝑎 +  𝑏𝑋  has been fit

𝑆𝑆𝑡𝑜𝑡𝑎𝑙 = 𝑆𝑆𝑚𝑜𝑑𝑒𝑙 + 𝑆𝑆𝑒𝑟𝑟𝑜𝑟

model fit is assessed relative to the mean, i.e., how much better did we do 
compared to the mean model?



W5 Activity 3

𝑆𝑆𝑡𝑜𝑡𝑎𝑙 =  (𝑌 − 𝑀𝑦)2

𝑆𝑆𝑒𝑟𝑟𝑜𝑟 =  (𝑌 − 𝑌)2

𝑆𝑆𝑚𝑜𝑑𝑒𝑙 =  σ( 𝑌  − 𝑀𝑦)2 

𝑆𝑆𝑚𝑜𝑑𝑒𝑙 denotes the difference, i.e., the error that our line is able to explain 
vs. what was left over from the mean!

𝑆𝑆𝑡𝑜𝑡𝑎𝑙 denotes the total error left over after the mean has been fit to Y

𝑆𝑆𝑒𝑟𝑟𝑜𝑟 denotes the error left over after the line 𝑌 = 𝑎 +  𝑏𝑋  has been fit

𝑆𝑆𝑡𝑜𝑡𝑎𝑙 = 𝑆𝑆𝑚𝑜𝑑𝑒𝑙 + 𝑆𝑆𝑒𝑟𝑟𝑜𝑟

model fit is assessed relative to the mean, i.e., how much better did we do 
compared to the mean model?

- calculate all of these values for the women 

dataset in the data4 sheet



next time

- spearman & point biserial correlations
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