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Warning message:
"Using `size` aesthetic for lines was deprecated in ggplot2 3.4.0.
i Please use `linewidth` instead."
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EXPERIMENT (IPS VS PSI)

https://astro.unl.edu/classaction/animations/coordsmotion/eclipticsimulator.html


PARTICIPANTS

INDEPENDENT VARIABLE



DEPENDENT VARIABLE

learning. gain = post. test − pre. test

rel. gain =
post.test−pre.test

max−pre.test



CONTROL VARIABLES

https://companion.epfl.ch/


INTERMEDIATE / PROCESS VARIABLES



DATASET

https://doi.org/10.3102/00346543211019105


ANALYSIS



LOADING DATA

In [126]: library(tidyverse) # Give ggplot, read_delim, tidyr, etc.

df <- suppressMessages(read_delim(file = "dataset.csv", delim = ",") %>%
  mutate(
    condition = factor(condition, labels = c("IPS", "PSI")),
    gender = factor(gender, labels = c("M", "F")),
    age.group = factor(age.group,
      labels = c("kids", "students", "professionals")
    )
  ))

head(df)



MEDIATION





CONDITION AFFECTS THE LEARNING

GAIN (C PATH)



STEP 1

In [131]: c.path <-  lm(learning ~  condition, data=df)
summary(c.path)

Call:
lm(formula = learning ~ condition, data = df)

Residuals:
    Min      1Q  Median      3Q     Max 
-2.7555 -0.7754 -0.1243  0.8605  2.7054 

Coefficients:
             Estimate Std. Error t value Pr(>|t|)    
(Intercept)   -0.2626     0.1092  -2.405   0.0171 *  
conditionPSI   1.1806     0.1560   7.567 1.41e-12 ***
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Residual standard error: 1.103 on 198 degrees of freedom
Multiple R-squared:  0.2243, Adjusted R-squared:  0.2204 
F-statistic: 57.26 on 1 and 198 DF,  p-value: 1.412e-12



CONDITION AFFECTS THE NUMBER

OF SOLUTIONS GENERATED (A PATH)



STEP 2

In [132]: a.path <-  lm(solutions ~  condition, data=df)
summary(a.path)

Call:
lm(formula = solutions ~ condition, data = df)

Residuals:
     Min       1Q   Median       3Q      Max 
-14.3878  -3.5686   0.5218   3.6122  12.6122 

Coefficients:
             Estimate Std. Error t value Pr(>|t|)    
(Intercept)   11.5686     0.5344  21.647  < 2e-16 ***
conditionPSI   6.8191     0.7635   8.932  2.9e-16 ***
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Residual standard error: 5.397 on 198 degrees of freedom
Multiple R-squared:  0.2872, Adjusted R-squared:  0.2836 
F-statistic: 79.78 on 1 and 198 DF,  p-value: 2.903e-16



SOLUTIONS AND LEARNING GAIN

ARE CORRELATED (B PATH)

In [129]: cor(df$learning, df$solutions)

`geom_smooth()` using formula = 'y ~ x'



STEP 3 & 4

In [133]: c.dash.path <- lm(learning  ~ condition + solutions, data=df)
summary(c.dash.path)

Call:
lm(formula = learning ~ condition + solutions, data = df)

Residuals:
     Min       1Q   Median       3Q      Max 
-2.34975 -0.64637 -0.00054  0.65168  2.35102 

Coefficients:
             Estimate Std. Error t value Pr(>|t|)    
(Intercept)  -1.45730    0.17336  -8.406 8.41e-15 ***
conditionPSI  0.47639    0.15987   2.980  0.00325 ** 
solutions     0.10327    0.01256   8.219 2.70e-14 ***
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Residual standard error: 0.9542 on 197 degrees of freedom
Multiple R-squared:  0.4224, Adjusted R-squared:  0.4165 
F-statistic: 72.03 on 2 and 197 DF,  p-value: < 2.2e-16



THE "OLD" WAY

https://davidakenny.net/cm/mediate.htm


MEDIATION - SOBEL TEST.

z − value =
a∗b

√b2∗S
2
a+a2+S

2

b

Sa

Sb

http://www.quantpsy.org/sobel/sobel.htm


In [134]: # a path
coef(summary(a.path))
# a is the unstandardised coefficient for the path from X to M
a = 6.819128
Sa = 0.7634712

# c_dash path
coef(summary(c.dash.path))
# b refers to the unstadardised coefficient for the path from M to Y 
b=0.1032689
Sb=0.01256431

a*b
z <- (a*b) / sqrt(b^2 * Sa^2 + b^2 * Sa^2)
z



DOING THE Z-TEST

H0

H1

In  [135]: # The critical value (1.96 for a two tailed test with alpha = 0.05)
critical.value <- qnorm(0.025, mean = 0, sd = 1, lower.tail = FALSE)
critical.value

H0

In  [136]: p.value <- pnorm(q = z, mean = 0, sd = 1, lower.tail = FALSE)
p.value



THE MEDIATION PACKAGE



ESTIMATING THE PROPORTION OF MEDIATION

In [137]: library(mediation) # Gives mediate()

results <-  mediate(a.path, c.dash.path,
    treat =  "condition",
    mediator =  "solutions",
    boot =  FALSE, sims =  1000, # change to TRUE to get bootstrapped results
    control.value =  "IPS",
    treat.value =  "PSI"
)



In [138]: summary(results)

Causal Mediation Analysis 

Quasi-Bayesian Confidence Intervals

               Estimate 95% CI Lower 95% CI Upper p-value    
ACME              0.704        0.481         0.94  <2e-16 ***
ADE               0.478        0.195         0.79   0.002 ** 
Total Effect      1.182        0.866         1.48  <2e-16 ***
Prop. Mediated    0.599        0.403         0.81  <2e-16 ***
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Sample Size Used: 200 

Simulations: 1000 



In [139]: options(repr.plot.width=12, repr.plot.height=8)
plot(results, xlim=c(0,2))



MODERATED MEDIATION



MODEL C

In  [140]: model.c <- lm(learning ~ condition + age.group +
                        condition:age.group, data = df)
coef(summary(model.c))



MODEL A

In  [141]: model.a <- lm(solutions ~ condition + age.group + 
                          condition:age.group, 
                          data=df)
coef(summary(model.a))



MODEL C.DASH

In  [142]: model.c.dash <- lm(learning ~ condition + 
                            age.group + # moderator 
                            solutions + # mediation
                            solutions:age.group + # moderation of the mediator
                            condition:age.group, # moderation of the contidion
                data=df)
coef(summary(model.c.dash))



WITH MEDIATE() PACKAGE

In [143]: results <-  mediate(model.a, # predicts mediator with condition
                   model.c.dash, # predicts learning with condition and solutions
                   treat='condition', 
                   mediator='solutions',
                   boot =  FALSE, sims =  1000, # change to TRUE to get bootstrapped results
                   control.value =  "IPS", 
                   treat.value =  "PSI")



In [144]: summary(results)

Causal Mediation Analysis 

Quasi-Bayesian Confidence Intervals

               Estimate 95% CI Lower 95% CI Upper p-value    
ACME             0.8240       0.5618         1.10  <2e-16 ***
ADE              0.3210      -0.0151         0.66    0.07 .  
Total Effect     1.1450       0.8512         1.44  <2e-16 ***
Prop. Mediated   0.7207       0.4916         1.02  <2e-16 ***
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Sample Size Used: 200 

Simulations: 1000 





MODERATED MEDIATION WITH AGE GROUP



KIDS HAVE CREATED LESS SOLUTIONS THAN STUDENTS AND

PROFESSIONALS



THE RELATION BETWEEN SOLUTIONS AND LEARNING IS

DIFFERENT FOR DIFFERENT AGE GROUPS



ADDING COVARIATES TO THE MEDIATE FUNCTION

In [148]: results.kids <-  mediate(model.a, model.c.dash, treat='condition', mediator='solutions', 
                        boot=FALSE, sims=1000, control.value =  "IPS", treat.value =  "PSI",
                        covariates =  list(age.group="kids")) # change boot to TRUE to get bootstrapped results
summary(results.kids)

Causal Mediation Analysis 

Quasi-Bayesian Confidence Intervals

(Inference Conditional on the Covariate Values Specified in `covariates')

               Estimate 95% CI Lower 95% CI Upper p-value    
ACME              0.427        0.130         0.76   0.004 ** 
ADE               0.762        0.290         1.25  <2e-16 ***
Total Effect      1.188        0.630         1.74  <2e-16 ***
Prop. Mediated    0.361        0.121         0.64   0.004 ** 
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Sample Size Used: 200 

Simulations: 1000 



In [149]: results.students <-mediate(model.a, model.c.dash, treat='condition', mediator='solutions', 
                            boot=FALSE,sims=1000, control.value =  "IPS", treat.value =  "PSI",
                            covariates =  list(age.group="students")) # change boot to TRUE to get bootstrapped results
summary(results.students)

Causal Mediation Analysis 

Quasi-Bayesian Confidence Intervals

(Inference Conditional on the Covariate Values Specified in `covariates')

               Estimate 95% CI Lower 95% CI Upper p-value    
ACME              1.409        0.815         2.07  <2e-16 ***
ADE               0.217       -0.434         0.94    0.54    
Total Effect      1.626        1.127         2.14  <2e-16 ***
Prop. Mediated    0.867        0.493         1.34  <2e-16 ***
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Sample Size Used: 200 

Simulations: 1000 



In [150]: results.professionals <-  mediate(model.a, model.c.dash, treat='condition', mediator='solutions', 
                                boot=FALSE,sims=1000, control.value =  "IPS", treat.value =  "PSI",
                                covariates =  list(age.group="professionals")) # change boot to TRUE to get bootstrapped results
summary(results.professionals)

Causal Mediation Analysis 

Quasi-Bayesian Confidence Intervals

(Inference Conditional on the Covariate Values Specified in `covariates')

               Estimate 95% CI Lower 95% CI Upper p-value    
ACME             0.5420       0.1984         0.92  <2e-16 ***
ADE              0.0463      -0.5190         0.61    0.88    
Total Effect     0.5883       0.0742         1.09    0.03 *  
Prop. Mediated   0.8954       0.2388         3.99    0.03 *  
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Sample Size Used: 200 

Simulations: 1000 





PUSHING THE ENVELOPE ...

In [152]: test.modmed(results, 
            covariates.1 =  list(age.group =  "kids"),
            covariates.2 =  list(age.group =  "students"), sims =  100)

Test of ACME(covariates.1) - ACME(covariates.2) = 0

data:  estimates from results
ACME(covariates.1) - ACME(covariates.2) = -0.97806, p-value = 0.02
alternative hypothesis: true ACME(covariates.1) - ACME(covariates.2) is not equa
95 percent confidence interval:
 -1.9220014 -0.2656049

Test of ADE(covariates.1) - ADE(covariates.2) = 0

data:  estimates from results
ADE(covariates.1) - ADE(covariates.2) = 0.52652, p-value = 0.32
alternative hypothesis: true ADE(covariates.1) - ADE(covariates.2) is not equal 
95 percent confidence interval:
 -0.4760505  1.3969293



In [153]: test.modmed(results, 
            covariates.1 =  list(age.group =  "kids"),
            covariates.2 =  list(age.group =  "professionals"), sims =  1000)

Test of ACME(covariates.1) - ACME(covariates.2) = 0

data:  estimates from results
ACME(covariates.1) - ACME(covariates.2) = -0.10127, p-value = 0.686
alternative hypothesis: true ACME(covariates.1) - ACME(covariates.2) is not equa
95 percent confidence interval:
 -0.6136053  0.3795400

Test of ADE(covariates.1) - ADE(covariates.2) = 0

data:  estimates from results
ADE(covariates.1) - ADE(covariates.2) = 0.71843, p-value = 0.056
alternative hypothesis: true ADE(covariates.1) - ADE(covariates.2) is not equal 
95 percent confidence interval:
 -0.003499324  1.473899382



In [154]: test.modmed(results, 
            covariates.1 =  list(age.group =  "students"),
            covariates.2 =  list(age.group =  "professionals"), sims =  1000)

Test of ACME(covariates.1) - ACME(covariates.2) = 0

data:  estimates from results
ACME(covariates.1) - ACME(covariates.2) = 0.84938, p-value = 0.014
alternative hypothesis: true ACME(covariates.1) - ACME(covariates.2) is not equa
95 percent confidence interval:
 0.1762777 1.5470583

Test of ADE(covariates.1) - ADE(covariates.2) = 0

data:  estimates from results
ADE(covariates.1) - ADE(covariates.2) = 0.20071, p-value = 0.664
alternative hypothesis: true ADE(covariates.1) - ADE(covariates.2) is not equal 
95 percent confidence interval:
 -0.6614683  1.1035723



ROLE OF A PRE-TREATMENT

MODERATOR ?

self.regulation

solutions

self-regulation



age.group

In [155]: model.a2 <-  lm(solutions ~  condition +  condition:self.regulation +  self.regulation, data=df)
model.c2.dash <-  lm(learning ~  condition +  self.regulation +  condition:self.regulation +  solutions +  self.regulation, data=df)

In [156]: results.self.regulation <-  mediate(model.a2, model.c2.dash, 
                                   treat='condition', 
                                   mediator='solutions', 
                                   boot=FALSE,sims=1000, # change boot to TRUE to get bootstrapped results
                                   control.value =  "IPS", treat.value =  "PSI")

summary(results.self.regulation)

Causal Mediation Analysis 

Quasi-Bayesian Confidence Intervals

               Estimate 95% CI Lower 95% CI Upper p-value    
ACME              0.484        0.300         0.70  <2e-16 ***
ADE               0.464        0.144         0.78   0.002 ** 
Total Effect      0.948        0.658         1.25  <2e-16 ***
Prop. Mediated    0.510        0.319         0.80  <2e-16 ***
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Sample Size Used: 200 

Simulations: 1000 



In [157]: results.hi.self.regulation <-  mediate(model.a2, model.c2.dash,
    treat =  "condition", mediator =  "solutions",
    boot =  FALSE, sims =  1000, control.value =  "IPS", treat.value =  "PSI",
    covariates =  list(self.regulation =  quantile(df$self.regulation, .75))
) # change boot to TRUE to get bootstrapped results

summary(results.hi.self.regulation)

Causal Mediation Analysis 

Quasi-Bayesian Confidence Intervals

(Inference Conditional on the Covariate Values Specified in `covariates')

               Estimate 95% CI Lower 95% CI Upper p-value    
ACME            0.46127      0.28399         0.69  <2e-16 ***
ADE             0.35471      0.00125         0.71    0.05 *  
Total Effect    0.81598      0.44790         1.18  <2e-16 ***
Prop. Mediated  0.57137      0.32768         1.00  <2e-16 ***
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Sample Size Used: 200 

Simulations: 1000 



In [158]: results.lo.self.regulation <-  mediate(model.a2, model.c2.dash,
    treat =  "condition", mediator =  "solutions",
    boot =  FALSE, sims =  1000, control.value =  "IPS", treat.value =  "PSI",
    covariates =  list(self.regulation =  quantile(df$self.regulation, .25))
) # change boot to TRUE to get bootstrapped results

summary(results.lo.self.regulation)

Causal Mediation Analysis 

Quasi-Bayesian Confidence Intervals

(Inference Conditional on the Covariate Values Specified in `covariates')

               Estimate 95% CI Lower 95% CI Upper p-value    
ACME              0.485        0.288         0.70  <2e-16 ***
ADE               0.600        0.258         0.97   0.002 ** 
Total Effect      1.085        0.755         1.45  <2e-16 ***
Prop. Mediated    0.451        0.268         0.68  <2e-16 ***
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Sample Size Used: 200 

Simulations: 1000 



In [159]: par(mfrow=c(1,2))
plot(results.lo.self.regulation, main="Low self-regulation", xlim=c(0,2))
plot(results.hi.self.regulation, main="High self-regulation", xlim=c(0,2))
par(mfrow=c(1,1))



In [160]: test.modmed(results.self.regulation, 
            covariates.1 =  list(self.regulation=quantile(df$self.regulation, .25)),
            covariates.2 =  list(self.regulation=quantile(df$self.regulation, .75)), sims =  1000)

Test of ACME(covariates.1) - ACME(covariates.2) = 0

data:  estimates from results.self.regulation
ACME(covariates.1) - ACME(covariates.2) = 0.016846, p-value = 0.94
alternative hypothesis: true ACME(covariates.1) - ACME(covariates.2) is not equa
95 percent confidence interval:
 -0.2744128  0.3020783

Test of ADE(covariates.1) - ADE(covariates.2) = 0

data:  estimates from results.self.regulation
ADE(covariates.1) - ADE(covariates.2) = 0.26845, p-value = 0.296
alternative hypothesis: true ADE(covariates.1) - ADE(covariates.2) is not equal 
95 percent confidence interval:
 -0.2528220  0.7586876


