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Appendix 1

# Set working directory
setwd(dirname (rstudioapi: :getSourceEditorContext () $path))

# Load .csv file
marks <- read.csv("Marks.csv'")

pl <- ggplot(marks, aes(x=Participation)) + geom_histogram(bins = 20)+theme_bw()
p2 <- ggplot(marks, aes(x=Assl)) + geom_histogram(bins = 20)+theme_bw()

p3 <- ggplot(marks, aes(x=Ass2)) + geom_histogram(bins 20)+theme_bw()

p4 <- ggplot(marks, aes(x=Ass3)) + geom_histogram(bins = 20)+theme_bw()

p5 <- ggplot(marks, aes(x=Exam)) + geom_histogram(bins = 20)+theme_bw()
grid.arrange(pl,p2,p3,p4,p5,nrow=1)
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pl <- ggplot(marks, aes(x =
X, method

geom_smooth(formula = y ~
ylab("Exam mark (Out of

Participation, y =Exam )) + geom_point(size=0.1) +

= "loess", se = FALSE) +

50)") + xlab("Participation (Out of 5)") + theme_bw()

p2 <- ggplot(marks, aes(x = Assl, y =Exam )) + geom_point(size=0.1) +

geom_smooth(formula = y ~
ylab("Exam mark (Out of

p3 <- ggplot(marks, aes(x =

geom_smooth(formula = y ~
ylab("Exam mark (Out of

p4 <- ggplot(marks, aes(x =
X, method

geom_smooth(formula = y ~
ylab("Exam mark (Out of

grid.arrange(pl,p2,p3,p4,nrow=2)

X, method =

"loess",

se

= FALSE) +

50)") + xlab("Assignment 1 (Out of 15)") + theme_bw()

se

Ass2, y =Exam )) + geom_point(size=0.1) +

x, method = "loess", = FALSE) +

50)") + xlab("Assignment 2 (Out of 15)") + theme_bw()

= "loess", se

Ass3, y =Exam )) + geom_point(size=0.1) +
= FALSE) +

50)") + xlab("Assignment 3 (Out of 15)") + theme_bw()
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Appendix 2

# Linear model
ml <- Im(Exam ~ Assl + Ass2 + Ass3, data=marks)

# Summary of model ml
summary (m1)

##

## Call:

## 1lm(formula = Exam ~ Assl + Ass2 + Ass3, data = marks)
##

## Residuals:

## Min 1Q Median 3Q Max

## -14.8569 -2.7596 0.9453 3.3997 8.7781

##

## Coefficients:

it Estimate Std. Error t value Pr(>|tl)

## (Intercept) 13.9026 3.2471 4,282 7.34e-05 **x*
## Assl 0.1669 0.3247 0.514 0.6092

## Ass2 0.8876 0.3613 2.456 0.0172 =
##

Ass3 a4, 0.3045 0.2761 1.103 0.2748
## =
##

## (2 observatlons dele due to mis 1‘1g
## Multiplle R-$quared: Rﬁ u

## F-sbatistic: 7:485 o

# Confidencef®ntervals model ml

confint (ml)

o:Help

#it 2.5 % 97.5 %
## (Intercept) 7.3977937 20.4073365
## Assl -0.4835773 0.8174537
## Ass?2 0.1637531 1.6113703
## Ass3 -0.2485935 0.8576475

3fpnif. :*”]-A. ' 0.001 'kx!' %1 0.05 '
## ¥
#it lJﬁlduai standarﬂ er tg nut G r q
ness



Appendix 4

# Full model
mfull <- 1lm(Exam ~ Participation + Assl + Ass2 + Ass3, data = marks)

# Reduced model
mred <- 1lm(Exam ~ Assl + Ass2, data = marks)

# Anova Reduced vs Full model
anova(mred,mfull)

## Analysis of Variance Table

##

## Model 1: Exam ~ Assl + Ass2

## Model 2: Exam ~ Participation + Assl + Ass2 + Ass3

##  Res.Df RSS Df Sum of Sq F Pr(>F)
## 1 57 1718.5
## 2 55 1619.4 2 99.114 1.6831 0.1952
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Appendix 5

# Model with Assl

ma <- 1m(Exam ~ Assli, marks)

summary (ma)

##

## Call:

## 1m(formula = Exam ~ Assl, data = marks)

##

## Residuals:

## Min 1Q Median 3Q Max

## -16.537 -3.147 1.207 3.724 9.887

##

## Coefficients:

it Estimate Std. Error t value Pr(>Itl)

## (Intercept) 21.4949 2.5867 8.31 1.86e-11 **x

## Assl 0.8253 0.2855 2.89 0.0054 *x

## —-—-

## Signif. codes: O '**x' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 ' ' 1
##

H#i#t Re51du jstandard error: 5.959 on 58 degrees of freedom
# (240 servat;ons deleted due to missingness)

##

##

mb

##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

Multlple R- squared .1259, AdjustedMBR-squared: 0.11
F-sthtistic: 8. 358 o a .
# Mb!lL wmth @8s2

sum;;ri”?éii‘“ . Rg'i:UdIO Help

Call:
Im(formula = Exam ~ Ass2, data = marks)
Residuals:

Min 1Q Median 3Q Max
-14.3517 -2.9129 0.3654 3.15625 9.4517
Coefficients:

Estimate Std. Error t value Pr(>|tl)

(Intercept) 14.3687 3.1853 4.511 3.20e-05 *x*x*
Ass?2 1.1806 0.2571 4.592 2.41e-05 **x
Signif. codes: O '**x' 0.001 'sx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
Residual standard error: 5.458 on 58 degrees of freedom

(2 observations deleted due to missingness)
Multiple R-squared: 0.2666, Adjusted R-squared: 0.254
F-statistic: 21.09 on 1 and 58 DF, p-value: 2.408e-05
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Appendix 6

# Model with Assl and Ass2
m2 <- Im(Exam ~ Assl + Ass2, data=marks)
summary (m2)

##

## Call:

## 1m(formula = Exam ~ Assl + Ass2, data = marks)
##

## Residuals:

## Min 1Q Median 3Q Max

## -14.4994 -3.1604 0.5575 3.5249 9.4085

##

## Coefficients:

#it Estimate Std. Error t value Pr(>|tl)

## (Intercept) 14.0619 3.2501 4.327 6.17e-05 **x*

## Assl 0.1832 0.3250 0.564 0.57517

## Ass2 1.0749 0.3195 3.364 0.00138 =*x*

## ———

## Signif. codes: O '**x' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 ' ' 1
## d error: 5.491 on 57 degrees of freedom
##

##

RStudlo Help
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Appendix 7

# Model with Assl and Ass2
m2 <- Im(Exam ~ Assl + Ass2, data=marks)

summary (m2)

##

## Call:

## 1m(formula = Exam ~ Assl + Ass2, data = marks)

##

## Residuals:

## Min 1Q Median 3Q Max

## -14.4994 -3.1604 0.5575 3.5249 9.4085

##

## Coefficients:

#it Estimate Std. Error t value Pr(>|tl)

## (Intercept) 14.0619 3.2501 4,327 6.17e-05 **x*
## Assl 0.1832 0.3250 0.564 0.57517

## Ass2 1.0749 0.3195 3.364 0.00138 *x*
## ——

## Signif. codes: O '**x' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 ' ' 1
## =T

## d error: 5.491 on 57 degrees of freedom

it fﬁj ob i hde ed due to mis ness)

## ipl 4
#+ Eggpdtimtion 10; §8 o 01
par@ufrowec(2,2))

plot(lmam ~ Assl + Ass ukqlo Hel p

i
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bptest (m2)..

##

## studentized Breusch-Pagan test
##

## data: m2
## BP = 0.7597, df = 2, p-value = 0.684
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Appendix 8

# Count rows
n <- nrow(marks)
index<-as_tibble(c(1:60))

# Calculate leverage for each observation under model fitted
colnames (index)<-c('Observation')
lev <- as_tibble(hatvalues(m2))

# Calculate DFBetas for each observation under model fitted
colnames(lev) <- c('Leverage')
dfbetas <- as_tibble(dfbetas(m2))

# Calculate Cook's distance for each observation under model fitted
colnames(dfbetas) <- c('DFBetal', 'DFBetal', 'DFBeta2')

cooksD <- as_tibble(cooks.distance(m2))

colnames (cooksD)<-c('CooksD")

tibble(lev,dfbetas, cooksD)

## # A tibble: 60 x 5
## Lever Qﬁ& DFBeta0 DFBetal DFBeta2 CooksD
o b1>"0 ﬁ,<db1> <dbl> <dbl> <dbl>

# 4 70,0206 0 0.0696 ~0.04a@ 000839
#it r ﬁ?"eszs 0.02 2

#4 |Gl 09308,-0.0198

i 0603 —o.o102 Lo 11 ofbie

h’L@ o. 5
## 5 Om0689 0.1 RStudgq5Hel
## 60.0.0171 o.o195 p
## 7  0W06850°0.131  -0.215  0.240  0.0289
# 8 0.0360 0.0100  0.0482 -0.0352 0.00151
# 9  0.0216 -0.000379 -0.0241  0.00949 0.000918

## 10 0.0329 0.0471 -0.0478 0.00543 0.00210
## # ... with 50 more rows

# Save diagnostics
diagnostics<-tibble(index,lev,dfbetas,cooksD)

# Treshold

thresh <- 2/sqrt(60)
p_plus_1<- 3
thresh_leverage<-2*p_plus_1/60

# Graphs are in order of the questions
# Construct Plot
pl<-ggplot(diagnostics, aes(x = Observation,

ymax=pmax (0, Leverage), ymin = pmin(0, Leverage))) +
geom_linerange()+theme_bw() +
geom_hline(yintercept=thresh_leverage, col="red", linetype="dashed") +
labs(y="Leverage")
p2<-ggplot(diagnostics, aes(x = Observation, y=Leverage,

ymax=pmax (0, DFBetal), ymin = pmin(0, DFBeta0))) +
geom_linerange()+theme_bw() +
geom_hline(yintercept=thresh, col="red", linetype="dashed") +
geom_hline(yintercept=-thresh, col="red", linetype="dashed") +
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labs(y="DFBeta0")

p3<- ggplot(diagnostics, aes(x = Observation, ymax=pmax(0, DFBetal),
ymin = pmin(0, DFBetal))) +

geom_linerange()+theme_bw() +

geom_hline(yintercept=thresh, col="red", linetype="dashed") +

geom_hline(yintercept=-thresh, col="red", linetype="dashed") +

labs(y="DFBetal")

p4<- ggplot(diagnostics, aes(x = Observation, ymax=pmax(0, DFBeta2),
ymin = pmin(0, DFBetal))) +

geom_linerange()+theme_bw() +

geom_hline(yintercept=thresh, col="red", linetype="dashed") +

geom_hline(yintercept=-thresh, col="red", linetype="dashed") +

labs(y="DFBeta2")

p5<-ggplot(diagnostics, aes(x = Observation, ymax=pmax(0, CooksD),
ymin = pmin(0, CooksD))) +

geom_linerange()+

geom_hline(yintercept=qf(0.5,p_plus_1,n-p_plus_1),

col="steelblue", linetype="dashed") +
labs(y="Cook's D")

grid.arrange 91,p2,p3,p4,p5,nrow=3)
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# 8a - Flagged leverage
diagnostics %>% filter(Leverage > thresh_leverage) %>% select(Observation,Leverage) %>/
= "Exceeds 0.10")

mutate(Rule

##
##
##
##
##
##
##

# A tibble: 4 x 3
Observation Leverage
<int> <dbl>
1 30 0.101
2 36 0.354
3 38 0.121
4 43 0.318

Rule
<chr>
Exceeds
Exceeds
Exceeds
Exceeds

# 8b - Flagged DfBeta0 (Exzam mark)
diagnostics %>% filter(DFBetaO > thresh | DFBetaO < -thresh) %>J, select(Observation,DFBetal) %>%
mutate(Rule = "Exceeds absolute(0.2582)")

## # A tibble: 2 x 3

## Observation DFBetaO Rule

## <int> <dbl> <chr>

#i# 1 36 1.16 Exceeds absolute(0.2582)

#t 2 43 -1.30 Exceeds absolute(0.2582)

# 8b - Flag d DfBetal (Ass1)

diagnos u> %{i}lter(DFBetal > thresh | DFBetal < -thresh) %>} select(Observation,DFBetal) %>%
muﬁhfe(Rule = "Exéﬁed bsolute(O 2587m")

) InstantGrad

## ﬂbserﬁatlon DFBeta

## L <int>  <dbl I

: 031R$tud4GsHe

#it 2 28" 0.298 Exceeds absolute (0.2582)

## 3 27 -0.323 Exceeds absolute(0.2582)

#t 4 38 0.284 Exceeds absolute(0.2582)

# 8b - Flagged DfBeta2 (Ass2)
diagnostics %>% filter(DFBeta2 > thresh | DFBeta2 < -thresh) ’>J, select(Observation,DFBeta2) %>%
mutate(Rule = "Exceeds absolute(0.2582)")

## # A tibble: 2 x 3

## Observation DFBeta2 Rule

## <int> <dbl> <chr>

#it 1 36 -1.10 Exceeds absolute(0.2582)
#t 2 43 1.01 Exceeds absolute(0.2582)

# 8c - Flagged CooksD

diagnostics %>% filter(CooksD > 0.45 | CooksD > 1) %>%
select (Observation,CooksD) %>% mutate(Rule = "Exceeds Rule of tumb 1:
mutate(Rule = case_when(CooksD < 0.5 ~ "Almost Exceeds Rule of tumb 1:

Ci > 0.5") %>%
Ci > 0.5", TRUE ~ Rule))

## # A tibble: 2 x 3

## Observation CooksD Rule

## <int> <dbl> <chr>

## 1 36 0.496 Almost Exceeds Rule of tumb 1: Ci > 0.5
## 2 43 0.546 Exceeds Rule of tumb 1: Ci > 0.5
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