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#**********************************************************************************************
#
#     ANOVA sulla DEVIAZIONE STANDARD DELLA LATERAL POSITION 
#         per intervalli di 5 minuti
#
#  tempo  0   5   10  15  20  25  30  35  40  45  50  55  60  65  70  75
#    |---|---|---|---|---|---|---|---|---|---|---|---|---|---|---|-->
#   intervallo   1   2   3   4   5   6   7   8   9  10  11  12  13  14  15
#
#**********************************************************************************************

# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--
#            DATA READING
# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--

rm(list=ls())

# carico il file dati
dati<- read.table("300SEC_GOMMACAFFEINA.csv",header=T,sep=";", dec=",")
str(dati)

# rinomino le colonne
colnames(dati)<- c("ID","PROG_PROVA","ID_TEST","SCENARIO","TRATTAMENTO","TIME","DESC_TIME",
"AVG_SPEED","DS_SPEED","AVG_LATPOS","DS_LATPOS","AVG_LATACC","DS_LATACC","AVG_GAS","DS_GAS",
"AVG_STEER","DS_STEER","AVG_STEERSPEED","DS_STEERSPEED","AVG_STEERERROR","DS_STEERERROR")

# seleziono le colonne di rilievo ai fini dell'analisi
dati_1<- dati[c(1,2,3,5,6,11)]
dati_1<- subset(dati_1, (TIME<15 & TIME !=1 & TIME !=11 )) # elimino gli intervalli 1 e 11

# ELIMINO ID CON DESIGN DIVERSO
dati_1<- subset(dati_1,(  ID != 283 &
                          ID != 289 &
                          ID != 285 &
                          ID != 284 ))

# ELIMINO TEST ANOMALI
dati_1<- subset(dati_1,(  ID_TEST != 1092 & # colpo di sonno a 53'
                          ID_TEST != 1093 & # incidente a 26'
                          ID_TEST != 1152 & # incidente a 50'
                          ID_TEST != 1153 & # incidente a 39'
                          ID_TEST != 1006 &  
                          ID_TEST != 1205 &
                          ID_TEST != 1278 )) # incidente a 37'

parte_1<- subset(dati_1, (TIME<11))
parte_2<- subset(dati_1, (TIME>9)) # tengo conto anche dei 5 minuti antecedenti ai 50'

t<-table(dati_1$TRATTAMENTO)
t/12 # numero di prove effetuate per trattamento

# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--
#           DESCRIPTIVE STATISTICS
# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--

attach(dati_1)
mean_gomma<-with(dati_1,tapply(DS_LATPOS,list(TIME,TRATTAMENTO),mean))
sd_gomma<-with(dati_1,tapply(DS_LATPOS,list(TIME,TRATTAMENTO),sd))
sd_gomma[,1]
mean_gomma[,1]

characteristics_gommma<-data.frame(mean_gomma[,1],sd_gomma[,1],mean_gomma[,2],sd_gomma[,2])
characteristics_gommma

library(xlsx)
write.xlsx(characteristics_gommma, "car_gomma.xlsx")

# ---> Boxplot

jpeg(filename = "bp_latpos_gomma.jpg",
     width = 700, height = 523, units = "px", 
     pointsize = 12,
     quality = 75,
     bg = "white", res = NA, family = "", restoreConsole = TRUE,
     type = c("windows", "cairo"))

boxplot(DS_LATPOS ~ TIME + TRATTAMENTO,
        main="Std. Dev. of Lateral Position for 5' interval",



        xlab="Time",
        ylab="Std. Dev. of Lateral Position",
        dati_1)
abline(v = 12.5, col="red")

dev.off()

# ---> Scatterplot

library(languageR)
library(lattice)

dati_1$TIME=factor(dati_1$TIME)
dati_1$TRATTAMENTO=factor(dati_1$TRATTAMENTO)
dati_1$ID=factor(dati_1$ID)

jpeg(filename = "tr_latpos_gomma.jpg",
     width = 858, height = 530, units = "px", 
     pointsize = 12,
     quality = 75,
     bg = "white", res = NA, family = "", restoreConsole = TRUE,
     type = c("windows", "cairo"))

xyplot(DS_LATPOS ~ TIME | ID, 
       type = "b", 
       groups = TRATTAMENTO, 
       xlab = "Intervallo",
       ylab = "Standard Deviation of Lateral Position",
       auto.key = T,
       dati_1)

dev.off()

xyplot(DS_LATPOS ~ TIME | as.factor(ID_TEST), 
       type = "b", 
       groups = TRATTAMENTO, 
       xlab = "Intervallo",
       ylab = "Standard Deviation of Lateral Position",
       auto.key = T,
       dati_1)

###############################################################
# TEST - REGRESSIONE

jpeg(filename = "reg_latpos_gomma.jpg",
     width = 858, height = 530, units = "px", 
     pointsize = 12,
     quality = 75,
     bg = "white", res = NA, family = "", restoreConsole = TRUE,
     type = c("windows", "cairo"))

xyplot(DS_LATPOS ~ TIME | ID, 
       type = c('p','r'), 
       groups = TRATTAMENTO, 
       xlab = "Intervallo",
       ylab = "Standard Deviation of Lateral Position",
       auto.key = T,
       dati_1)

dev.off()

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

# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--
#          BOX-COX DATA MOD
# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--

# CAMPIONE TOTALE

attach(dati_1)
dati_1$TIME=factor(dati_1$TIME)
dati_1$TRATTAMENTO=factor(dati_1$TRATTAMENTO)

library(MASS)
boxcox (DS_LATPOS ~ TIME, lambda = seq(-0.4, -0.1, 0.05))

# elevo per il valore di lambda che massimizza la log-massimo verosimilianza e introduco
# la variabile intensity e verifico con TEST la Normalità

DS_LATPOS_d1<- DS_LATPOS^(-0.25)
shapiro.test(DS_LATPOS_d1)

# Test parametrico (Levene) - Più robusto rispetto alla violazione della normalità
#



# Se p-value > 0.05 l'ipotesi di Omoschedasticità è verificata
# I dati sono omoschedastici nei gruppi considerati = OK!

library(car)
leveneTest(DS_LATPOS_d1 ~ TIME, data = dati_1)

detach(dati_1)

# PRIMA PARTE

attach(parte_1)

parte_1$TIME=factor(parte_1$TIME)
parte_1$TRATTAMENTO=factor(parte_1$TRATTAMENTO)

# Provo a modificare l'output,  non normale
library(MASS)
boxcox (DS_LATPOS ~ TIME, lambda = seq(-0.5, 0, 0.05))

# elevo per il valore di lambda che massimizza la log-massimo verosimilianza e introduco
# la variabile intensity e verifico con TEST la Normalità

DS_LATPOS_p1<- DS_LATPOS^(-0.15)
shapiro.test(DS_LATPOS_p1)

# Test parametrico (Levene) - Più robusto rispetto alla violazione della normalità
#
# Se p-value > 0.05 l'ipotesi di Omoschedasticità è verificata
# I dati sono omoschedastici nei gruppi considerati = OK!

library(car)
leveneTest(DS_LATPOS_p1 ~ TIME, data = parte_1)

detach(parte_1)

# SECONDA PARTE

attach(parte_2)

parte_2$TIME=factor(parte_2$TIME)
parte_2$TRATTAMENTO=factor(parte_2$TRATTAMENTO)

# Provo a modificare l'output,  non normale
library(MASS)
boxcox (DS_LATPOS ~ TIME, lambda = seq(-1, 0, 0.05))

# elevo per il valore di lambda che massimizza la log-massimo verosimilianza e introduco
# la variabile intensity e verifico con TEST la Normalità

DS_LATPOS_p2<- DS_LATPOS^(-0.4)
shapiro.test(DS_LATPOS_p2)

# Test parametrico (Levene) - Più robusto rispetto alla violazione della normalità
#
# Se p-value > 0.05 l'ipotesi di Omoschedasticità è verificata
# I dati sono omoschedastici nei gruppi considerati = OK!

library(car)
leveneTest(DS_LATPOS_p2 ~ TIME, data = parte_2)

detach(parte_2)

# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--
#       
#    ANOVA SU DATI NON MODIFICATI BOC-COX
#
# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--

# ----------------------------------------------------------------------------------------
#      Studio dell'interazione tra TIME, TRATTAMENTO
# ----------------------------------------------------------------------------------------
attach(dati_1)
inter <- aov(DS_LATPOS ~ TRATTAMENTO*TIME, data=dati_1)
anova(inter)

# se p-value > 0.05 non è significativo

plot(TukeyHSD(inter, "TIME"))
plot(TukeyHSD(inter, "TRATTAMENTO"))



jpeg(filename = "int_latpos_gomma.jpg",
     width = 950, height = 709, units = "px", 
     pointsize = 12,
     quality = 75,
     bg = "white", res = NA, family = "", restoreConsole = TRUE,
     type = c("windows", "cairo"))

interaction.plot( TIME, 
                  TRATTAMENTO, 
                  DS_LATPOS, 
                  xlab="Intervallo",
                  ylab="Std Dev of LatPos",
                  ylim=c(0.24,0.38),
                  main="Std Dev of Lateral Position")
abline(v = 8.95, col= "red")

dev.off()

# se i segmenti sono paralleli (o quasi) non vi è interazione

detach(dati_1)

# /////////////////////////////////////////////////////////////////////////////////////////
# /////////////////////////////////////////////////////////////////////////////////////////
# /////////////////////////////////////////////////////////////////////////////////////////
# /////////////////////////////////////////////////////////////////////////////////////////

# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--
#       
#     ANOVA SU DATI MODIFICATI BOC-COX
#
# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--

# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--
#       Per intervalli di 5 minuti studio sul totale:
#    EFFETTO DEL TEMPO + PROG_PROVA CON TRATTAMENTO FISSO
# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--
attach(dati_1)

dati_1$TIME=factor(dati_1$TIME)
dati_1$TRATTAMENTO=factor(dati_1$TRATTAMENTO)
dati_1$ID=factor(dati_1$ID)

dati_1$DS_LATPOS <- DS_LATPOS_d1
dati_1$DS_LATPOS

# ----------------------------------------------------------------------------------------
#      Studio dell'interazione tra TIME, TRATTAMENTO
# ----------------------------------------------------------------------------------------

inter <- aov(DS_LATPOS_d1 ~ TRATTAMENTO*TIME, data=dati_1)
anova(inter)

inter2 <- aov(DS_LATPOS_d1 ~ TRATTAMENTO*TIME, data=dati_1, subset=abs(scale(resid(inter)))<2.5)

interaction.plot( TIME, 
   TRATTAMENTO, 
   DS_LATPOS, 
   xlab="Intervallo",
   ylab="Std Dev of LatPos",
   ylim=c(0.24,0.38),
   main="Std Dev of Lateral Position")
   abline(v = 8.95, col= "red")

   
# se i segmenti sono paralleli (o quasi) non vi è interazione

   
# ----------------------------------------------------------------------------------------
#     ANOVA prova totale con trattamento fisso: effetto del solo TEMPO
# ----------------------------------------------------------------------------------------

modello0TOT <- aov(DS_LATPOS ~ TIME, 
                   data=subset(dati_1, TRATTAMENTO == 0)) # fit del modello lineare
anova(modello0TOT)        # tabella ANOVA
 



TukeyHSD(modello0TOT, "TIME", ordered=TRUE)
plot(TukeyHSD(modello0TOT, "TIME", ordered=TRUE))   

modello3TOT <- aov(DS_LATPOS ~ TIME, 
                   data=subset(dati_1, TRATTAMENTO == 3)) # fit del modello lineare
anova(modello3TOT)        # tabella ANOVA
   
TukeyHSD(modello3TOT, "TIME", ordered=TRUE)
plot(TukeyHSD(modello3TOT, "TIME", ordered=TRUE))

detach(dati_1)

# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--
#         Per intervalli di 5 minuti studio:
#          ANOVA SUI PRIMI 50 MINUTI
# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--

attach(parte_1)
parte_1$TIME=factor(parte_1$TIME)
parte_1$TRATTAMENTO=factor(parte_1$TRATTAMENTO)
parte_1$ID=factor(parte_1$ID)

parte_1$DS_LATPOS <- DS_LATPOS_p1
#parte_1$DS_LATPOS

# ---> effetto del TIME + TRATTAMENTO

model_1 <- aov(DS_LATPOS ~ TRATTAMENTO + TIME , data= parte_1)
anova(model_1)

model_1.reduced <- aov(DS_LATPOS ~ TRATTAMENTO + TIME, data=parte_1, subset=abs(scale(resid(model_1)))<2.5)
anova(model_1.reduced)

jpeg(filename = "diagnostic.p1_latpos_gomma.jpg",
     width = 950, height = 950, units = "px", 
     pointsize = 12,
     quality = 75,
     bg = "white", res = NA, family = "", restoreConsole = TRUE,
     type = c("windows", "cairo"))

par(mfrow=c(2,2))
plot(fitted(model_1), residuals(model_1))
qqnorm(residuals(model_1),main="")
qqline(residuals(model_1), col="red")
plot(fitted(model_1.reduced), residuals(model_1.reduced))
qqnorm(residuals(model_1.reduced),main="")
qqline(residuals(model_1.reduced),col="red")
par(mfrow=c(1,1))

dev.off()

detach(parte_1)

# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--
#         Per intervalli di 5 minuti:
#    DIFFERENZA TRA I TRATTAMENTI NEGLI ULTIMI 15 MINUTI
#      (ho incluso da dopo i 45', compresi i 50'->55')
# //--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--//--\\--

attach(parte_2)
parte_2$TIME=factor(parte_2$TIME)
parte_2$TRATTAMENTO=factor(parte_2$TRATTAMENTO)
parte_2$ID=factor(parte_2$ID)

parte_2$DS_LATPOS <- DS_LATPOS_p2
#parte_2$DS_LATPOS

model_2 <- aov(DS_LATPOS ~ TRATTAMENTO + TIME , data= parte_2)
anova(model_2)

model_2.reduced <- aov(DS_LATPOS ~ TRATTAMENTO + TIME, data=parte_2, subset=abs(scale(resid(model_2)))<2.5)
anova(model_2.reduced)

jpeg(filename = "diagnostic.p2_latpos_gomma.jpg",
     width = 950, height = 950, units = "px", 
     pointsize = 12,
     quality = 75,
     bg = "white", res = NA, family = "", restoreConsole = TRUE,



     type = c("windows", "cairo"))

par(mfrow=c(2,2))
plot(fitted(model_2), residuals(model_2))
qqnorm(residuals(model_2),main="")
qqline(residuals(model_2), col="red")
plot(fitted(model_2.reduced), residuals(model_2.reduced))
qqnorm(residuals(model_2.reduced),main="")
qqline(residuals(model_2.reduced),col="red")
par(mfrow=c(1,1))

dev.off()

# ----------------------------------------------------------------------------------------
#     ANOVA parte finale con trattamento fisso: effetto del solo TEMPO
# ----------------------------------------------------------------------------------------

modello0f <- aov(DS_LATPOS ~ TIME, 
data=subset(parte_2, TRATTAMENTO == 0)) # fit del modello lineare
anova(modello0f)        # tabella ANOVA
model.tables(modello0f)

modello3f <- aov(DS_LATPOS ~ TIME, 
data=subset(parte_2, TRATTAMENTO == 3)) # fit del modello lineare
anova(modello3f)        # tabella ANOVA
model.tables(modello3f)

# ----------------------------------------------------------------------------------------
#     Confronto differenze tra intervalli singoli
# ----------------------------------------------------------------------------------------

# INTREVALLO 12

modello_12 <- aov(DS_LATPOS ~ TRATTAMENTO, 
data=subset(parte_2, TIME == 12)) # fit del modello lineare
anova(modello_12)        # tabella ANOVA
model.tables(modello_12)

plot(TukeyHSD(modello_12, "TRATTAMENTO", ordered=TRUE))

# INTREVALLO 13

modello_13 <- aov(DS_LATPOS ~ TRATTAMENTO, 
data=subset(parte_2, TIME == 13)) # fit del modello lineare
anova(modello_13)        # tabella ANOVA
model.tables(modello_13)

plot(TukeyHSD(modello_13, "TRATTAMENTO", ordered=TRUE))

# INTREVALLO 14

modello_14 <- aov(DS_LATPOS ~ TRATTAMENTO, 
data=subset(parte_2, TIME == 14)) # fit del modello lineare
anova(modello_14)        # tabella ANOVA
model.tables(modello_14)

plot(TukeyHSD(modello_14, "TRATTAMENTO", ordered=TRUE))

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

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

##    GRAFICI

############################################################################################
############################################################################################
#######################           RUN FIRST       ##########################################
############################################################################################
############################################################################################

library(ggplot2)

## Gives count, mean, standard deviation, standard error of the mean, and confidence interval (default 95%).
##   data: a data frame.
##   measurevar: the name of a column that contains the variable to be summariezed



##   groupvars: a vector containing names of columns that contain grouping variables
##   na.rm: a boolean that indicates whether to ignore NA's
##   conf.interval: the percent range of the confidence interval (default is 95%)
summarySE <- function(data=NULL, measurevar, groupvars=NULL, na.rm=FALSE,
                      conf.interval=.95, .drop=TRUE) {
  library(plyr)
  
  # New version of length which can handle NA's: if na.rm==T, don't count them
  length2 <- function (x, na.rm=FALSE) {
    if (na.rm) sum(!is.na(x))
    else       length(x)
  }
  
  # This does the summary. For each group's data frame, return a vector with
  # N, mean, and sd
  datac <- ddply(data, groupvars, .drop=.drop,
                 .fun = function(xx, col) {
                   c(N    = length2(xx[[col]], na.rm=na.rm),
                     mean = mean   (xx[[col]], na.rm=na.rm),
                     sd   = sd     (xx[[col]], na.rm=na.rm)
                   )
                 },
                 measurevar
  )
  
  # Rename the "mean" column    
  datac <- rename(datac, c("mean" = measurevar))
  
  datac$se <- datac$sd / sqrt(datac$N)  # Calculate standard error of the mean
  
  # Confidence interval multiplier for standard error
  # Calculate t-statistic for confidence interval: 
  # e.g., if conf.interval is .95, use .975 (above/below), and use df=N-1
  ciMult <- qt(conf.interval/2 + .5, datac$N-1)
  datac$ci <- datac$se * ciMult
  
  return(datac)
}

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

tgc <- summarySE(dati_1, measurevar="DS_LATPOS", groupvars=c("TRATTAMENTO","TIME"))
tgc

last3<-subset(tgc, (as.integer(TIME) > 9))
last3

library(xlsx)
write.xlsx(last3, "sd_latpos03.xlsx")

pd <- position_dodge(0.5) # move them .05 to the left and right

dati_1$TRATTAMENTO = factor(dati_1$TRATTAMENTO)

ggplot(tgc, aes(x=TIME, y=DS_LATPOS,colour=TRATTAMENTO)) + 
  geom_errorbar(aes(ymin=DS_LATPOS-ci/2, ymax=DS_LATPOS+ci/2), width=1.5, position=pd) +
  geom_line(position=pd) +
  geom_point(position=pd, size=4, shape=21, fill="black") + # 21 is filled circle
  xlab("Time") +
  ylab("Std. Dev. of Gas") +
    scale_colour_hue(name="TRATTAMENTO",    # Legend label, use darker colors
                     breaks=c("0","3"),
                     labels=c("Control", "Caff. Gum"),
                     l=40) +                    # Use darker colors, lightness=40
  ggtitle("The Effect of Fatigue on\nStd. Dev. of Lateral Position") +
#  expand_limits(y=0) +                        # Expand y range
#  scale_y_continuous(breaks=0:20*1) +         # Set tick every 4
  theme_bw() +
  theme(legend.justification=c(1,0),
        legend.position=c(1,0))               # Position legend in bottom right


