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	Data Set: These data are from Ferguson Middle School and its 187 graduating 8th grade students (anonymized). 


	Theory: If we can identify predictors of academic struggle in the sixth grade, we can use those predictors to help us target intervention programs for incoming middle schoolers. We will start with a performance measure and demographic variables.
Research Questions: We are sure that 6th grade math GPAs are positively correlated with 5th grade Math MCAS scores, but how strong is the correlation? Likewise, we are sure that, on average, students eligible for free lunch receive lower math grades, but how big is the gap? And, how big is the racial achievement gap?
Outcome: mathgpa6thgrade1stterm, continuous, Math grade point average (GPA) in the first term of 6th grade.
Predictors: 
· mathmcas5th, continuous, 5th grade math score on the statewide test.
· freelunch, a dichotomy where free-lunch eligibility = 1, else 0.

· race, a polychotomy indicating a student’s self-identified race/etchnicity:                                   1 = Asian, 2 = Black, 3 = Latino, 4 = White        
     The corresponding indicator variables are asian, black and latino, with     

     white excluded to serve as a reference category.


	For Future Reference

The final exam could use almost any dataset, but to avoid surprises we will focus on one dataset, the Ferguson Middle School (FMS) dataset (N = 187).

Whatever the dataset, the final will have one continuous outcome, one continuous predictor, one dichotomous predictor and one polychotomous predictor. There are many continuous, dichotomous and polychotomous variables in the FMS dataset:
Continuous Variables:

elamcas3rd 
elamcas4th

elamcas5th

elamcas6th

elamcas7th
elamcas8th
mathmcas3rd
mathmcas4th

mathmcas5th

mathmcas6th

mathmcas7th
mathmcas8th 
enggpa6thgrade1stterm

…

enggpa7thgrade1stterm 

enggpat7thgrade2ndterm
enggpat7thgrade3rdterm
enggpatotal7th

…

enggpatotal8th

enggpatotal8th
mathgpatotal8th

scigpatotal8th

ssgpatotal8th
totalgpa6thgrade1stterm

totalgpa7thgrade2ndterm 

totalgpa8thgrade3rdterm 

totalgpa6th

totalgpa7th 

totalgpa8th 

absencescount6th

attendancepct7th

detentionscount8th
COMPOSITE SCORES

DIFFERENCE SCORES

Dichotomous Variables:

sped

music
freelunch

mathforward
esl

female
Polychotomous Variables:

race

team7th

elementaryschool

team8th
team6th

extracurriculars



	# Here is the R syntax to obtain all the output for the final.

# Load your data.

  # If your data is in Excel, save from Excel as a .csv file: 

my.data <- read.csv('C:/my.folder/my.file.name.csv', header=TRUE)

  # Fore more options: http://www.ats.ucla.edu/stat/r/faq/inputdata_R.htm

# Attach your data.

attach(my.data)

# Create dummy variables from polychotomous variables.

my.level.1 <- as.numeric(my.polychotomous.variable=='Level Name, Or Value-No-Quotes')

my.level.2 <- as.numeric(my.polychotomous.variable=='Level Name, Or Value-No-Quotes')
my.level.3 <- as.numeric(my.polychotomous.variable=='Level Name, Or Value-No-Quotes')
# Posthole 2

my.lovely.variables <- data.frame(my.continuous.outcome, my.continuous.predictor, my.dichotomous.predictor, my.polychotomous.predictor)

summary(my.lovely.variables)

hist(my.continuous.outcome, col='darkgrey')

hist(my.continuous.predictor, col='darkgrey')

hist(my.dichotomous.predictor, col='darkgrey')

plot(my.polychotomous.predictor, col='darkgrey')

# Posthole 4 & 1

my.numeric.vars <- data.frame(my.continuous.outcome, my.continuous.predictor,       

                              my.dichotomous.predictor)

my.correlation.matrix <- cor(my.numeric.vars, use="pairwise.complete.obs")

round(my.correlation.matrix, digits=2)

my.model.1 <- lm(my.continuous.outcome ~ my.continuous.predictor)

plot(jitter(my.continuous.outcome) ~ my.continuous.predictor)

abline(my.model.1)

my.model.2 <- lm(my.continuous.outcome ~ my.dichotomous.predictor)

plot(my.continuous.outcome ~ jitter(my.dichotomous.predictor), col='grey')

points(my.continuous.outcome ~ my.dichotomous.predictor, pch=16)

abline(my.model.2)

my.model.3 <- lm(my.continuous.predictor ~ my.dichotomous.predictor)

plot(my.continuous.predictor ~ jitter(my.dichotomous.predictor), col='grey')

points(my.continuous.predictor ~ my.dichotomous.predictor, pch=16)

abline(my.model.3)

# Postholes 5, 6, 7 & 8

my.model.4 <- lm(my.continuous.outcome ~ my.continuous.predictor)

summary(my.model.4)

confint(my.model.4)

plot(my.continuous.outcome ~ my.continuous.predictor)

abline(my.model.4)

# You may want to jitter one or both variables.

plot(jitter(my.continuous.outcome) ~ my.continuous.predictor)

abline(my.model.4)

# Postholes 5, 6, 7 & 8

abline(my.model.5) <- lm(my.continuous.outcome ~ my.dichotomous.predictor)

summary(my.model.5)

confint(my.model.5)

plot(my.continuous.outcome ~ my.dichotomous.predictor)

abline(my.model.5)

# You may want to jitter one or both variables (and overlay the original points).

plot(my.continuous.outcome ~ jitter(my.dichotomous.predictor), col='grey')

points(my.continuous.outcome ~ my.dichotomous.predictor, pch=16)

abline(my.model.5)

# Postholes 9 & 8

my.model.6 <- lm(my.continuous.outcome ~ my.level.1 + my.level.2 + my.level.3)

summary(my.model.6)

confint(my.model.6)

plot(my.continuous.outcome ~ my.polychotomous.predictor)

# Postholes 10  & 8

my.model.7 <- lm(my.continuous.outcome ~ my.dichotomous.predictor*my.polychotomous.predictor)

anova(gpa.on.fl.and.my.polychotomous.predictor) # Default "Type I" Sum of Squares

# "Type I" has different nulls for first and second main effects.

# "Type III" has same null for all main effects:

# Within factor, all levels have same mean outcome in population.

# For "Type III" use orthogonal contrasts and drop1 function. 

contrasts(my.polychotomous.predictor) <- contr.sum(4) # Reset contrast from default.

# When resetting, make sure you specify the correct number of levels. Here, 4 levels.

# Make sure your predictor is a factor.
my.dichotomous.predictor <- as.factor(my.dichotomous.predictor) 

contrasts(my.dichotomous.predictor) <- contr.sum(2) # Reset contrast from default.

my.model.8 <- lm(my.continuous.outcome ~ my.dichotomous.predictor*my.polychotomous.predictor)

drop1(my.model.8, ~., test='F') # ANOVA table with "Type III" SS.

plot(resid(my.model.8)~predict(my.model.8))

abline(h=0) # Drop a horizontal reference line. 

mean.rm.na <- function(x) {mean(x, na.rm=TRUE)} # Remove missing.

interaction.plot(my.polychotomous.predictor, my.dichotomous.predictor,  

                 my.continuous.outcome, fun=mean.rm.na)

# Posthole  A

observed.count.table <- table(my.dichotomous.predictor, my.polychotomous.predictor)

expected.count.table <- (as.array(margin.table(observed.count.table, 1))

                         %*% t(as.array(margin.table(observed.count.table, 2))) 

                         / margin.table(observed.count.table))

st.res <- function(o, e) {(o-e)/sqrt(e)}

standardized.residual.table <- st.res(observed.count.table, expected.count.table)

observed.count.table

round(expected.count.table, digits=0)

round(standardized.residual.table, digits=0)

summary(observed.count.table)

detach(my.data)


	Post Hole 2—Use exploratory data analytic techniques to describe the distribution of a variable. 


Explore mathgpa6thgrade1stterm: (A checklist is good.) 
	


*
Explore mathmcas5th: (A checklist is good.) 
	


*
Explore freelunch: (A checklist is good.) 
	


*
Explore race: (A checklist is good.) 
	


*
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# adaptations
matngpaéthoradelstterm <- mathgpathgradelstierm

absencescountéthgradefirstiem = ceiling (absencescountith/3)

# Posthole 2

my.lovely.variables <- data.frame (mathgpaéthgradelstterm, mathmcass
summazy (my.lovely.variables)

nist(mathgpa6thgradelstterm, col='darkgrey')

nist(mathmcasSth, col='darkgrey')

nist(freelunch, col='darkgrey')

plot(race, col='darkgrey')

# Posthole 4 & 1
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> mathopaéthgradelstterm <- mathopadthgradelstterm
> absencescountéthoradefirstterm = ceiling (absencescountitn/3)

> my.lovely.variables <- data.frame (mathgpaéthgradelstterm, mathmeasSth,
> summary (my.lovely.variables)

mathgpaéthgradelsttern mathmcassth freelunch race
Min.  : 0.000 Min. :214.0 Min. :0.0000 Asian : 28
1st Qu.: 3.000 1lst Qu.:242.0  1st Qu.:0.0000 Black : 16
Median : 3.700 Median :258.0 Median :0.0000 Latimo: §
Mean 5.335 Mean  :0.1070 Wnite :130
3rd Qu.: 4.000 3rd Qu.:0.0000 NA's : 8
Max. 4.300 Max.  :1.0000

Na's 4.000

> my.lovely.variables <- data.frame (mathgpaéthgradelstterm, mathmeasSth,
>

>

>

>

>

>

>

>

>

>

> my.lovely.variables <- data.frame (mathgpaéthgradelstterm, mathmeasSth,
> summary (my.lovely.variables)

mathgpaéthgradelsttern mathmcassth freelunch race
Min.  : 0.000 Min.  :0.0000 Asian : 28
1st Qu.: 3.000 1st Qu.:0.0000  Black : 16
Median : 3.700 Median :0.0000 Latino: 5
Mean : 3.335 Mean  :0.1070 Wnite :130
3rd Qu.: 4.000 3rd Qu.:0.0000 NA's : 8
Max. @ 4.300 Max.

NA's  :14.000

> hist (mathgpaéthgradelistterm, col='darkgrey')

> hist (mathmcassth, col='darkgrey')

> hist(freelunch, col='darkgrey')

> plot (race,
>
>

col='darkgrey’)

freeluncn,

freeluncn,

freeluncn,

race)

race)

race)

I

‘
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	Post Hole 1—Use exploratory data analytic techniques to investigate the relationship between two variables. 

Post Hole 4—Interpret a correlation matrix. 


Explore mathgpa6thgrade1stterm vs. mathmcas5th: (A checklist is generally good, but interpret the magnitude with a careful sentence.) 
	


*
Explore mathgpa6thgrade1stterm vs. freelunch: (A checklist is generally good, but interpret the magnitude with a careful sentence.) 
	


*
Interpret the correlation matrix : 
	


*
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mathgpaéthgradelsttern mathmcassth

zbline (gpa.on.mcas)
gpa.on.fl <- ln(mathgpaéthgradelsttern ~ freelunch)

plot (mathgpaéthgradelstterm ~ jitter (freelunch), co |
points (mathgpabthgradelstresn - freelunch, poh=i6)
apiine (gpa.on.£1)
moas.on.£l <- ln (mathmoassth ~ freelunch)
plot (mathmoassth ~ jitcer (freelunch), co
points (mathucassch - freelunch, poh=16)
ab1ine (meas.on. £1)
# Postnole 5, 6, 758
summary (gpa.-on.noas)
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	Here is the relationship between the two predictors. You do not need to conduct exploratory data analysis on this relationship, but you do want to check it before you interpret the Pearson correlation.
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	Post Hole 5—Interpret an R2 statistic verbally and, using Boolean circles, graphically. 

Post Hole 6—State the null hypothesis of a test for statistical significance; reject (or not) the null hypothesis; draw an inference (or not) from a sample to a population. 

Post Hole 7—Interpret a confidence interval from a frequentist perspective and from a Bayesian perspective. 

Post Hole 8—Evaluate the assumptions underlying a simple linear regression.


Interpret the R2 statistic: (One careful sentence is good.) 
	
	



*

Test for statistical significance: 
	


*
Interpret the confidence interval: (Use both perspectives.) 
	


*
Evaluate the assumptions: (A checklist is good.) 
	


*
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confint (gpa.on.mcas)
plot (3itter (mathgpaéthgradelstterm) ~ mathmeasSth)
zbline (gpa.on.mcas)

# posthole 5, 6, 7 &8

summary (gpa.on.£1)
confint (gpa.on. £1)

plot (mathgpaéthgradelstterm ~ jitter (freelunch), co
points (mathgpaéthgradelsttern ~ freelunch, pon=16)
=bline(gpa.on.£1)
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> gpa.on.mcas <- In(mathgpaéthgradelstterm ~ mathmcasSth)
> summary (gpa.on.mcas)

cal1:
im(formula = mathgpaéthgradelstterm ~ mathmeassth)
Residual:

Min 10 Meaian 30 Max
-2.71154 -0.26332 0.09307 0.33215 1.1650%

Coefficient:

Estimate Std. Error ¢ value Pr(>|tl)
(Interceps) -6.77188  0.65586 -10.32  <2e-1§ *x*
mathmcasSth 0.03885  0.00258  15.45  <2e-16 *rx

Signif. codes: 0 ‘ex’ 0.001 ‘wxr 0.01 A7 0.05 “.f 0.1 %7 1

Residual standard error: 0.5741 on 171 degrees of freedom
(14 observations deleted due to missingness)

Multiple R-squared: 0.5825, Rajusted R-squared: 0.58

F-statistic: 238.5 on 1 and 171 DF, p-value: < 2.2e-16

> confint (gpa.on.meas)
2.5 % 575 %

(Tnterceps) -2.06649723 -5.47726133

mathmcassth 0.03475372 0.02493887

> plot (jitter (nathgpaéthgradelsttern) ~ mathmcassth)

> abline (gpa.on.mcas)

>

Vv
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	Post Hole 5—Interpret an R2 statistic verbally and, using Boolean circles, graphically. 

Post Hole 6—State the null hypothesis of a test for statistical significance; reject (or not) the null hypothesis; draw an inference (or not) from a sample to a population. 

Post Hole 7—Interpret a confidence interval from a frequentist perspective and from a Bayesian perspective. 

Post Hole 8—Evaluate the assumptions underlying a simple linear regression.


Interpret the R2 statistic: (One careful sentence is good.) 
	
	



*

Test for statistical significance: (Use the APA style.)
	Blah blah blah, t(df) = xx.x, p < .xxx. 


*
Interpret the confidence interval: (Use both perspectives.) 
	


*
Evaluate the assumptions: (A checklist is good.) 
	


*
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zbline (gpa.on.mcas)

# posthole 5, 6, 7 &8
gpa.on.fl <- ln(mathgpaéthgradelsttern ~ freslunch)

summary (gpa.on.£1)

confint (gpa.on. £1)

plot (mathgpaéthgradelstterm ~ jitter (freelunch), col='grey')
points (mathgpaéthgradelsttern ~ freelunch, pon=16)

bline (gpa.on.£1)

# posthole 9

<
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> gpa.on.fl <- lm(mathgpaéthgradelsttern ~ freelunch)
> summary (gpa.on.£1)

cal1:
1m(formula = mathgpaéthgradelstterm ~ freelunch)

Residual:
Min 10 Median 30 Max
-3.4277 -0.4277 0.2723 0.5723 1.4611

Coefficient:
Estimate Std. Error ¢ value Px(>|tl)

(Interceps) 3.42774  0.06792 50.471 < 2e-1 *xx

freelunch  -0.88285  0.21055 -4.222 3.93e-05 *x*

Signif. codes: 0 ‘ex’ 0.001 ‘wxr 0.01 A7 0.05 “.f 0.1 %7 1

Residual standard error: 0.8455 on 171 degrees of freedom
(14 observations deleted due to missingness)

Multiple R-squared: 0.09438,  Adjusted R-squared: 0.08909

F-statistic: 17.82 on 1 and 171 DF, p-value: 3.932e-05

> confint (gpa.on. £1)

2.5 % 575 %
(Tnterceps) 3.293682 3.5618020
freelunch  -1.304463 -0.4732429

> plot (nathgpaéthgradelsttern ~ jitter (freslunch), col='grey’)
> points (nathgpaéthgradelsttern ~ freelunch, pch=16)
> abline (gpa.on.£1)
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	Post Hole 9—Interpret the parameter estimates and F-test from regressing a continuous variable on a set of dummy variables. 
Post Hole 8—Evaluate the assumptions.


Interpret the parameter estimates and F-test: (Use the APA style.)
	Blah blah blah, F(dfbetween, dfwithin) = xx.x, p < .xxx, η2 =.xxx. 


*
Evaluate the assumptions: (A checklist is good.) 
	


*
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abline(gpa.on.f1)

# Postholes 9 & &
gpa.on.race <- in(mathgpaéthgradelstterm ~ asian + black + latino)
summazy (gpa.on. race)

confint (gpa.on. race)

plot (mathgpaéthgradelsttern ~ race)

# Postholes 10 & &

# anova(gpa.on.fl.and.race) # Default "Iype I" Sum of Squares
# "Type I" has different nulls for first and second main effects.
# "Type IIT" has same null for all main effects:

<L
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> gpa.on.race <- Im(mathgpathgradelstterm ~ asian + black + latino)
> summary (gpa.on.race)

cal1:
In(formila = mathgpa6thoradelstterm ~ asian + black + latino)
| Residual:
Min 10 Median 39 Max

-3.4324 -0.438¢ 0.2616 0.5616 1.2467

Coefficient:
Estimate Std. Error t© value Pr(>|tl)
(Interceps) 3.43840  0.07192 47.810 < 2e-16 #%+

asian 0.16517  0.16811 0.382 0.3273
black -1.28507  0.21871 -5.549 2.5e-08 *rx
latino -0.63240  0.36671 -1.741 0.0835 .

Signif. codes: 0 ‘ex’ 0.001 ‘wxr 0.01 A7 0.05 “.f 0.1 %7 1

Residual standard error: 0.2041 on 169 degrees of freedom
(14 observations deleted due to missingness)

Multiple R-squared: 0.1906, Adjusted R-squared: 0.1762

F-statistic: 13.27 on 3 and 168 DF, p-value: 8.0792-0%

> confint (gpa.on.race)

2.5 % 57.5 %
(Interceps) 3.2964267 3.58037335
asian -0.1667027 0.49704563
black -1.7188024 -0.85133100
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	Post Hole 10—Interpret a two-way analysis of variance using F-tests and graphs.
Post Hole 8—Evaluate the assumptions.


Interpret the two-way ANOVA: (Fully interpret at least one F-test, 

using the APA style. Mention the F-tests that you do not fully interpret.) 
	Blah blah blah, F(dfbetween, dfwithin) = xx.x, p < .xxx, η2 =.xxx.


*
Evaluate the assumptions: (A checklist is good.) 
	


*
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race 3 16.3673 119.74 -53.653 £.7083 2.137e-05 *x*
freelunchirace 3 2.9754 106.35 —74.178 1.5831  0.195¢
Signif. codes: 0 ‘ex’ 0.001 ‘wxr 0.01 A7 0.05 .7 0.1 %7 1

plot (resid(gpa.on.£l.and.race) ~predict (gpa.on. £1.and. race) )
abline (n=0) # Drop a horizontal reference line.

# posthole 2
#install.packages ("gmodels”)

#Library (gmodels)

#CrossTable (freelunch, race, expected=TRUE, prop.r=FALSE, prop.c=!

#CrossTable(x, y, digits=3, max.vidth = 5, expected=FALSE, prop.
#prop. t=TRUE, prop.chisq=TRUE, chisq = FALSE, fisher=)
#resid=FALSE, sresid=FALSE, asresid=FALSE,
#missing.include=FALSE,

#format=c ("SAS", "SPSS"), dnn = NULL,

i
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mean.rm.na <- function(x) {mean(x, na.rm=TRUE)} § Remove missing.

interaction.plot (race, freelunch, mathgpaéthgradelstterm, fun=mean.rm.na)

contrasts(race) <- contr.sum(4) # Reset contrast from default.
freelunch <- as.factor(freelunch) § Make sure predictor is a factor.
contrasts (freelunch) <- contr.sum(2) # Reset contrast from default.
gpa.on.fl.and.race <- lm(mathgpaéthgradelsttern ~ freelunchrrace)
dropl(gpa.on.fl.and.race, ~., test='F') § ANOVA table with "Type III" S5.
Single term deletions

>
>
>
>
>
>
>
>
>
>
>
>
>
>

Model:
mathgpaéthgradelsttern ~ freslunch * race
Df Sum of Sg  RSS  AIC F value Bx(F)
<none> 103.37 -73.087
freelunch 1 0.2928 103.67 -74.5%8 0.4673  0.4952
3 16.3673 119.74 -53.659 £.7083 2.137e-05 ***
5 2.375¢ 106.35 -74.178 1.5831  0.195¢
Signif. codes: 0 ‘ex’ 0.001 ‘wxr 0.01 A7 0.05 .7 0.1 %7 1

> plot (resid(gpa.on.f1.and.race) -predict (gpa.on.f1.and.race) )

> abline (n=0) # Drop a horizontal reference line.

> mean.rm.na <- function(x) {mean(x, na.mm=TRUE)} # Remove missing.

> interaction.plot(race, freelunch, mathgpaéthgradelstterm, fun-mean.rm.na)
>

Vv
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	Post Hole A—Interpret a contingency table with chi-square statistic. 


Interpret the contingency table: (Use the APA style.)
	Blah blah blah, χ2 (df) = xx.x, p = .xxx. 


*
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> observed.count.table <- table(freelunch, race)
> expected.count.table <- (as.array(margin.table (cbserved.count.table, 1))
+ %% t(as.array(margin.table (observed.count.table, 2)))
+ / margin.table (observed.count.table))
> st.res <- function(o, e) {(o-e)/sgre(e)}
> standardized.residual.table <- st.res(observed.count.table, expected.count.table)
> observed.count.table
freelunch Asian Black Latino White
o 26 B s 122
1 2 B 2 B
> round (expected.count.table, digits=0)
freelunch Asian Black Latino White
o 25 1e & 115
1 s 2 1 1s
> round(standardized.residual.table, digits=0)
freelunch Asian Black Latino White
o o -2 -1 1
FR— s 2 -2

N

<

.ctable[1,2], expected.tablell,2]))
sic.table[1,3], expected.table(1,3]))

c.table[1,1], expected.table(l,1]))
c.tARIal1L21. expected.tablall 1))
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	Post Hole 3—Conduct a z-score transformation by hand from a small data set. 


GPAs:    4 0 4 3 3 4 2 2 4 4 

Please show your work: 
	


*
	Please note the mean of the raw distribution:
	

	Please note the sum of squared mean deviations:
	

	Please note the variance of the raw distribution:
	

	Please note the standard deviation of the raw distribution:
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outcome





predictor





outcome
































PAGE  
2

