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Example R-code for the statistical analysis of the XETA study with mefenamin acid
rm(list=ls())
Sys.setenv(LANG = "EN")
instal <- function(package){
  if(!is.element(package, installed.packages()[,1])){{install.packages(package)}}
}

packages <- c("arm","lmerTest","lme4", "plyr","dplyr","emmeans","readxl","WriteXLS","multcomp","car","psych")
sapply(packages, instal)
sapply(packages, FUN = function(X){do.call("require", list(X))})

setwd("/R/") # set working directory
load(file='/williamsTestLookUpTable.rda')

###########################################################################
## Data overview
###########################################################################

dat <- read_excel('/M001_WTBlank.xls',sheet = 1, col_names = TRUE)
dat <- as.data.frame(dat)
# data overview
summaryRawData <- data.frame(matrix(ncol=6, nrow=39))
names(summaryRawData) <- c("Treatment","Replicate","N","Mean","STD","Geomean")
summaryRawData[,c("Treatment", "Replicate")] <- unique(dat[c("Treatment","Replicate")])

for (i in 1:nrow(summaryRawData)){
  summaryRawData[i,"N"] <- nrow(dat[which(dat$Treatment == summaryRawData[i,"Treatment"] &
                                                   dat$Replicate == summaryRawData[i,"Replicate"]),])
  summaryRawData[i,"Mean"] <- mean(dat[which(dat$Treatment == summaryRawData[i,"Treatment"]&
                                                      dat$Replicate == summaryRawData[i,"Replicate"]),"Fluor"], na.rm=T) 
  summaryRawData[i,"STD"] <- sd(dat[which(dat$Treatment == summaryRawData[i,"Treatment"]&
                                                   dat$Replicate == summaryRawData[i,"Replicate"]),"Fluor"], na.rm=T )
  summaryRawData[i,"Geomean"] <- geometric.mean(dat[which(dat$Treatment == summaryRawData[i,"Treatment"]&
                                                                   dat$Replicate == summaryRawData[i,"Replicate"]),"Fluor"], na.rm=T)
  }

###########################################################################
###Trimming
###########################################################################
quantiles <- data.frame(matrix(ncol = 21, nrow = 39))
row.names(quantiles) <- paste(summaryRawData$Treatment,summaryRawData$Replicate,sep="_")

names(quantiles) <- c("0%","5%","10%","15%","20%","25%","30%","35%","40%","45%","50%","55%","60%","65%","70%","75%","80%","85%","90%","95%","100%")
for (i in 1:nrow(summaryRawData)) {
  quantiles[i,] <- quantile(dat[which(dat$Replicate== summaryRawData[i,"Replicate"] &
                                                    dat$Treatment ==summaryRawData[i,"Treatment"]),"Fluor"], probs=seq(0,1,0.05),type=2)
}
datTrim <- as.data.frame(matrix(ncol=8, nrow=0))
names(datTrim) <- names(dat)

for (i in 1:nrow(summaryRawData)){
  datTrim <- rbind(datTrim,dat[which(dat$Replicate== summaryRawData[i,"Replicate"] &
                                   dat$Treatment == summaryRawData[i,"Treatment"]&
                                   dat$Fluor >= quantiles[i,"10%"]&    # 10%indicates 10% trimming 
                                   dat$Fluor <= quantiles[i,"90%"]),] ) #90% indicates 10% trimming
}
 
TrimmedOut <- setdiff(dat,datTrim)  
TrimmedOut

#summary table of trimmed data
#####

summaryTrimRep <- data.frame(matrix(ncol=6, nrow=39))
names(summaryTrimRep) <- c("Treatment","Replicate","N","Mean","STD","Geomean")
summaryTrimRep[,c("Treatment", "Replicate")] <- unique(dat[c("Treatment","Replicate")])


for (i in 1:nrow(summaryTrimRep)){
  summaryTrimRep[i,"N"] <- nrow(datTrim[which(datTrim$Treatment == summaryTrimRep[i,"Treatment"] &
                                             datTrim$Replicate == summaryTrimRep[i,"Replicate"]),])
  summaryTrimRep[i,"Mean"] <- mean(datTrim[which(datTrim$Treatment == summaryTrimRep[i,"Treatment"]&
                                                datTrim$Replicate == summaryTrimRep[i,"Replicate"]),"Fluor"], na.rm=T) 
  summaryTrimRep[i,"STD"] <- sd(datTrim[which(datTrim$Treatment == summaryTrimRep[i,"Treatment"]&
                                             datTrim$Replicate == summaryTrimRep[i,"Replicate"]),"Fluor"], na.rm=T )
  summaryTrimRep[i,"Geomean"] <- geometric.mean(datTrim[which(datTrim$Treatment == summaryTrimRep[i,"Treatment"]&
                                                             datTrim$Replicate == summaryTrimRep[i,"Replicate"]),"Fluor"], na.rm=T)
}


summaryTrim<- data.frame(matrix(ncol=5, nrow=13))
names(summaryTrim) <- c("Treatment","N","Mean","STD","Geomean")
summaryTrim[,c("Treatment")] <- unique(dat$Treatment)

for (i in 1:nrow(summaryTrim)){
  summaryTrim[i,"N"] <- nrow(datTrim[which(datTrim$Treatment == summaryTrim[i,"Treatment"] ),])
  summaryTrim[i,"Mean"] <- mean(datTrim[which(datTrim$Treatment == summaryTrim[i,"Treatment"]),"Fluor"], na.rm=T) 
  summaryTrim[i,"STD"] <- sd(datTrim[which(datTrim$Treatment == summaryTrim[i,"Treatment"]),"Fluor"], na.rm=T )
  summaryTrim[i,"Geomean"] <- geometric.mean(datTrim[which(datTrim$Treatment == summaryTrim[i,"Treatment"]),"Fluor"], na.rm=T)
}


###########################################################################
# This step is  used to check the validity criteria.
# The percentage of increase can be inspected in the summaryTrim and SummaryTrimRep tables
# these validity criteria should be employed after the trimming procedure */

#1) In Each Replicate: A statistically significant induction of fluorescence of at least 20% should be measured 
#between the T3 control group and the test medium control group and a statistically significant induction 
#of fluorescence of at least 70% should be present between the T4 control group and the test medium control. 

Controls <- datTrim[which(datTrim$Treatment=="FETAX" | datTrim$Treatment=="FETAXT3"| datTrim$Treatment=="FETAXT3T4"),]
Controls$Replicate <- as.factor(Controls$Replicate)
Controls$Treatment <- as.factor(Controls$Treatment)
T3 <- Controls[which(Controls$Treatment!="FETAXT3T4"),]
T4 <- Controls[which(Controls$Treatment!="FETAXT3"),]

T3Rep1 <- T3[which(T3$Replicate=="1"),] 
T3Rep2 <- T3[which(T3$Replicate=="2"),]
T3Rep3 <- T3[which(T3$Replicate=="3"),]

T4Rep1 <- T4[which(T4$Replicate=="1"),]
T4Rep2 <- T4[which(T4$Replicate=="2"),]
T4Rep3 <- T4[which(T4$Replicate=="3"),]

testT3Rep1 <- lm(Fluor ~ Treatment,data = T3Rep1)
testT3Rep2 <- lm(Fluor ~ Treatment,data = T3Rep2) 
testT3Rep3 <- lm(Fluor ~ Treatment,data = T3Rep3)

#shapiro.test(resid(testT3Rep3))
#leveneTest(resid(testT3Rep3), T3Rep$Treatment) # has to be done for all models!

pvalValidT3 <- c(summary(testT3Rep1)[["coefficients"]][2,4],summary(testT3Rep2)[["coefficients"]][2,4],summary(testT3Rep3)[["coefficients"]][2,4])


testT4Rep1 <- lm(Fluor ~ Treatment,data = T4Rep1)
testT4Rep2 <- lm(Fluor ~ Treatment,data = T4Rep2)
testT4Rep3 <- lm(log(Fluor) ~ Treatment,data = T4Rep3)

#shapiro.test(resid(testT4Rep3))
#leveneTest(resid(testT4Rep3), T4Rep$Treatment) # has to be done for all models!

pvalValidT4 <- c(summary(testT4Rep1)[["coefficients"]][2,4],summary(testT4Rep2)[["coefficients"]][2,4],summary(testT4Rep3)[["coefficients"]][2,4])




T3CheckRep <- data.frame(row.names = c("Replicate 1","Replicate 2","Replicate 3"), "Percent_Increase"= numeric(3), "Significance"=numeric(3))

for (i in 1:length(unique(Controls$Replicate))){
  T3CheckRep [i,1] <- summaryTrimRep[which(summaryTrimRep$Treatment== "FETAXT3" & summaryTrimRep$Replicate== i),"Mean"]/summaryTrimRep[which(summaryTrimRep$Treatment== "FETAX" & summaryTrimRep$Replicate== i),"Mean"]-1
  T3CheckRep [i,2] <- pvalValidT3[i]
} 
T3CheckRep
#write.table(T3CheckRep, file="T3CheckRep.csv",sep = ";", col.names = T, row.names = T) 

T4CheckRep <- data.frame(row.names = c("Replicate 1","Replicate 2","Replicate 3"), "Percent_Increase"= numeric(3), "Significance"=numeric(3))

for (i in 1:length(unique(Controls$Replicate))){
  T4CheckRep[i,1] <- summaryTrimRep[which(summaryTrimRep$Treatment== "FETAXT3T4" & summaryTrimRep$Replicate== i),"Mean"]/summaryTrimRep[which(summaryTrimRep$Treatment== "FETAX" & summaryTrimRep$Replicate== i),"Mean"]-1
  T4CheckRep[i,2] <- pvalValidT4[i]
} 
T4CheckRep
#write.table(T4CheckRep, file="T4CheckRep.csv",sep = ";", col.names = T, row.names = T) 

#2) Pooled Replicates: A statistically significant induction of fluorescence of at least 20% should be measured 
#between the T3 control group and the test medium control group and a statistically significant induction 
#of fluorescence of at least 70% should be present between the T4 control group and the test medium control. 

testPooledT3<- lmer(Fluor ~ Treatment+(1|Replicate),data = T3) # not normally distributed but log transformation or sqrt transformation does not help
sumT3<-summary(testPooledT3)
shapiro.test(resid(testPooledT3))
leveneTest(resid(testPooledT3), T3$Treatment)

testPooledT4<- lmer(sqrt(Fluor) ~ Treatment+(1|Replicate),data = T4) # not normally distributed but log transformation or sqrt transformation does not help
sumT4<- summary(testPooledT4)
shapiro.test(resid(testPooledT4))
leveneTest(resid(testPooledT4), T4$Treatment)


CheckMean <- data.frame(row.names = c("T3","T3T4"), "Percent_Increase"= numeric(2), "Significance"=numeric(2))
CheckMean["T3","Percent_Increase"] <- summaryTrim[which(summaryTrim$Treatment== "FETAXT3"),"Mean"]/summaryTrim[which(summaryTrim$Treatment== "FETAX"),"Mean"]-1
CheckMean["T3T4","Percent_Increase"] <- summaryTrim[which(summaryTrim$Treatment== "FETAXT3T4"),"Mean"]/summaryTrim[which(summaryTrim$Treatment== "FETAX"),"Mean"]-1
CheckMean[,"Significance"] <- c(summary(testPooledT3)[["coefficients"]][2,5],summary(testPooledT4)[["coefficients"]][2,5])
CheckMean
#write.table(CheckMean, file="CheckMean.csv",sep = ";", col.names = T, row.names = T) 

#3) The coefficient of variation of the fluorescence intensity measured for the test medium control should not exceed 30%
CoefVari<- summaryTrim[which(summaryTrim$Treatment=="FETAX"),"STD"]/summaryTrim[which(summaryTrim$Treatment=="FETAX"),"Mean"]
CoefVari

#StatCharrms functions (StatCharrms is not installable anymore)
##Williams test from StatCharrms with more digits for amalgamated means
###############
williamsTest<-function(df,resp,trt,direction='decreasing',SeIn=NULL){
  #df: The data frame
  #Each row is an observation
  #resp: The name of the response as a string  
  #trt: The name of the response as a string 
  #The lowest value must be the control 
  #direction:  Is the direction of the test 'decreasing' or 'increasing'
  #SeIn: the standard error, default is program selected however 
  #WilliamsTest can take in a different value in the case of repeated measures
  
  
  #Adjust for test direction synonyms
  direction<-toupper(direction)
  
  if (direction == 'DESCENDING'){
    direction<-'DECREASING'
  }
  
  if (direction == 'INCREASING'){
    direction<-'INCREASING'
  }
  
  if (is.element(direction,c('DECREASING','INCREASING'))==FALSE){
    message("Please enter either 'decreasing' or 'increasing' for the direction.\n Function ending.")
    return()
  }
  
  #Load look up table   
  DTtable<-williamsTestLookUpTable
  #DTtable<-williamsTestLookUpTable #Debug code
  
  #Test for direction
  
  #get means
  df[[trt]] <-as.factor(df[[trt]])
  
  
  #remove missing data
  if(length(which(is.na(df[[trt]])==TRUE))>0){
    df<-df[-which(is.na(df[[trt]])==TRUE), ]
  }
  if(length(which(is.na(df[[resp]])==TRUE))>0){
    df<-df[-which(is.na(df[[resp]])==TRUE), ]
  }
  
  #
  #attain means 
  Means<-by(df[[resp]],df[[trt]],mean,na.rm=TRUE)
  Means<-as.vector(Means)
  Means<-round(Means,5)
  #attain counts    
  Count<-by(df[[resp]],df[[trt]],length)
  Count<-as.vector(Count)
  
  MeansTable<-data.frame(Means,Count)
  
  
  #get N
  N<-MeansTable$Count
  #Initial conditions
  Y.tilde<-MeansTable$Means
  
  N.tilde<-N
  DF=sum(N)-length(N)
  if (DF < 5){
    message('Error: Williams test is not appropriate when DF < 5. \n Function ending.')
    return()
  }
  
  #Loop of y.tilde
  Y0 = Y.tilde[1]
  Y.tilde = Y.tilde[-1] 
  Amalg<-mat.or.vec(length(Y.tilde),1) #Keeps track of the amalgamated pieces
  End=FALSE
  while (End==FALSE){
    Y.tildeUp<- Y.tilde[-1]
    Y.tildeDw<- Y.tilde[-length(Y.tilde)]
    Diff=Y.tildeUp - Y.tildeDw 
    if (direction=='INCREASING'){
      First=which(Diff<0) #Changes bases on 
    }
    if (direction=='DECREASING'){
      First=which(Diff>0) #Changes bases on 
    }   
    if (length(First)==0){
      break()
      End=TRUE
    }
    First=First[1]+1
    if (Amalg[First-1]==0){ #Not amalgamated yet
      Amalg[{First-1}:First] = 1
      Combin=c({First-1}:First)
      
    }else{ #Amalgamates with every adjacent chain
      #Find the chains+
      Amalg[First] = 1
      Low=max(which(Amalg[1:{First-2}]== 0),0)+1
      Combin=c(Low:First)
    }
    Y.tilde[Combin] = sum(Y.tilde[Combin] * N.tilde[Combin])/sum( N.tilde[Combin])
  }
  Y.tilde= c(Y0,Y.tilde)
  #T statistic
  Vars<-by(df[[resp]],as.factor(df[[trt]]),var,na.rm=TRUE)
  #Allows user to specify diffrent se
  if (is.null(SeIn)==TRUE){
    S<-sqrt(sum(Vars*(N-1))/(sum(N)-length(N)))
    Se<-(S*sqrt(1/N+1/N[1]))
  }else{
    Se<-SeIn
  }
  T=(Y.tilde[1]-Y.tilde)/Se
  if (direction=='INCREASING'){
    T<-T*-1
  }
  #Table look up
  K=length(N)-1 
  Row=which(DTtable$df==DF)
  if (length(Row)==0){  #sets the df to 10000 if the df >= 121
    Row<-119
  }
  Cols<-1+1:{2*(K-1)}
  B<-DTtable[Row,Cols[which(Cols %% 2 == 1)]]
  Q<-DTtable[Row,Cols[which(Cols %% 2 == 0)]]
  
  #Calculate t crit 
  W=N[1]/N[-c(1,2)]
  Tcrit<-unlist(Q-10^(-2)*B*(1-1/W))
  QT1<-qt(0.95,DF)  
  Tcrit<-c(QT1,Tcrit)
  
  
  
  #compile table
  Out<-data.frame(1:K,Y.tilde[-1],Y.tilde[1],Se[-1],DF,T[-1],Tcrit) 
  #reverse the tables
  Out<-Out[rev(1:K),]
  #Lable the table with the levels of the treatment 
  colnames(Out)<-c(trt,'Y.Tilde','Y0','Se Diff','DF','Will','TCrit')
  Sig<-Out$Will>Out$TCrit
  
  if (length(which(Sig==TRUE))>0){
    Sig[which(Sig==TRUE)]<-'*'}
  if (length(which(Sig==FALSE))>0){
    Sig[which(Sig==FALSE)]<-'.'}
  Out<-data.frame(Out,Sig)
  colnames(Out)[dim(Out)[2]]<-'Signif'
  
  #Clean by rounding
  Out$Y.Tilde<-signif(Out$Y.Tilde,6)
  Out$Se.Diff<-signif(Out$Se.Diff,4)
  Out$Will<-signif(Out$Will,6)
  Out$TCrit<-signif(Out$TCrit,4)
  Out[ ,1]<-rev(levels(df[[trt]])[-1]) #Exclude the control
  
  return(Out)   
}

rankTransform <-
  function(Data,VecName){
    
    #This function will rank transform the data the same way the SAS code below does
    
    #proc rank data=sorted out=assumtst normal=blom
    #ties=mean;
    #var Counts;
    #by generation;
    #ranks rank_EGGS;
    #run;
    
    #Data- data set to be modified
    #VecName Name of Variable  to be modified
    #returns a data set with TransformedResponse as the rank transformed responce
    
    
    Vector<-Data[ ,VecName];
    
    #This handles the rank transform
    n<-length(Vector)
    r.i<-rank(Vector, na.last = TRUE, ties.method = c("random"))
    y.i<-(r.i-3/8)/(n+1/4)
    Data$y.i.norm<-stats::qnorm(y.i)  #this will be for output
    Data<-Data[with(Data, order(Data$y.i.norm)), ]
    
    
    Repeats<-stats::xtabs(~as.factor(Data[ ,VecName]))
    #This Block of code is for finding ties and will break if no ties exist
    if(max(Repeats)>1){ #Check for ties
      Repeats<-Repeats[-which(Repeats==1)] #Remove non-ties
      Names<-dimnames(Repeats)
      for (e in Names[[1]]){  #For every number that has a tie
        e<-as.numeric(e)
        Data[which(Data[ ,VecName]==e),'y.i.norm']<-mean(Data[which(Data[ ,VecName]==e),'y.i.norm']) #Average
      }
    }
    colnames(Data)[which(colnames(Data)=='y.i.norm')]<-'TransformedResponse' #rename column
    
    return(Data)
  }

getLineContrast <-
  function(Data,Treatment){
    #This attains the contrast used to test a linear relationship
    K<-nlevels(as.factor(Data[ ,Treatment]))
    
    #Contrasts
    switch (K,
            return(0),
            return(c(-1,1)),
            return(c(-1,0,1)),
            return(c(-3,-1,1,3)),
            return(c(-2,-1,0,1, 2)),
            return(c(-5, -3, -1,1,3,5)),
            return(c(-3,-2, -1,0,1,2,3)),
            return(c(-7,-5,-3,-1,1,3,5,7)),
            return(c(-4,-3,-2,-1,0,1,2,3,4)),
            return(c(-9,-7,-5,-3,-1, 1,3, 5, 7,9)),
    )
    return()
  }

getQuadContrast <- function(Data,Treatment){
  #This attains the contrast used to test a quadratic relationship
  K<-nlevels(as.factor(Data[ ,Treatment]))
  
  switch(K,
         return(0),
         return(c( 0,0)),
         return(c( 1,-2,1)),
         return(c(1,-1,-1,1)),
         return(c(2,-1,-2,-1,2)),
         return(c(5,-1,-4,-4,-1,5)),
         return(c(5,0,-3,-4,-3,0,5)),
         return(c(7,1,-3,-5,-5,-3,1,7)),
         return(c(28,7,-8,-17,-20,-17,-8,7,28)),
         return(c(6,2,-1,-3,-4,-4,-3,-1,2,6)),
  )
  return()
}

monotonicityTest <-
  function(Data,Treatment,Response){
    set.seed(123)
    #This is the test for monotonicity as done in the SAS Version
    #it sets up linear and Quadratic contrast for an ANOVA
    #Uses .stdEndEnv$WeightVar
    
    #Transform data for rank response
    Data <- as.data.frame(Data)
    Data<-rankTransform(Data,Response)
    
    
    #Form Contrasts
    LineContrast<-getLineContrast(Data,Treatment)
    QuadContrast<-getQuadContrast(Data,Treatment)
    Contrasts <- cbind(LineContrast,QuadContrast)
    colnames(Contrasts)<-c('Line','QuadContrast')
    
    #ANOVA
    Data[ ,Treatment]<-as.factor(Data[ ,Treatment])
    stats::contrasts(Data[ ,Treatment])<-Contrasts
    AnovaTable<-stats::aov(Data[ ,'TransformedResponse']~as.factor(Data[ ,Treatment]))
    #if (is.null(.stdEndEnv$WeightVar)==FALSE){  #if there is a weight and the data is not averaged
    #if (length(.stdEndEnv$WeightVar)==length(Data[ ,Response])){
    #AnovaTable<-aov(Data[ ,'TransformedResponse']~as.factor(Data[ ,Treatment]), weight=.stdEndEnv$WeightVar )
    #}
    #}
    
    #gather information and clean the table
    CAnova<-stats::summary.lm(AnovaTable)
    MonocityTable<-as.data.frame(CAnova$coefficients[2:3,3:4])
    rownames(MonocityTable)<-NULL
    MonocityTable<-cbind(c('Linear','Quadratic'),MonocityTable,'.')
    colnames(MonocityTable)[1]<-'Test'
    colnames(MonocityTable)[4]<-'Significance'
    MonocityTable$Significance<-as.character(MonocityTable$Significance)
    
    MonocityTable$Significance[MonocityTable[ ,'Pr(>|t|)']<0.05]<-'*'
    MonocityTable$Significance[MonocityTable[ ,'Pr(>|t|)']<0.01]<-'**'
    MonocityTable$Significance[MonocityTable[ ,'Pr(>|t|)']<0.001]<-'***'
    
    MonocityTable[ ,'Pr(>|t|)']<-round(MonocityTable[ ,'Pr(>|t|)'],4)
    if (length(which(MonocityTable[ ,'Pr(>|t|)']<10^-4))>0){
      MonocityTable[which(MonocityTable[ ,'Pr(>|t|)']<10^-4),'Pr(>|t|)']<-'<0.0001'
    }
    MonocityTable[ ,'t value']<-round(MonocityTable[ ,'t value'],2)
    
    return(MonocityTable)
  }



### producing tables 
dat <- datTrim 
datSpiked <- dat[grepl("T3",dat$Treatment),]
datSpiked <- datSpiked[which(datSpiked$Treatment != "FETAXT3T4"),]
datUnspiked <- setdiff(dat,datSpiked)
datUnspiked <- datUnspiked[which(datUnspiked$Treatment != "FETAXT3T4"),]


###########################################################################
##Spiked analysis!!!
###########################################################################
# from previous outlier removal --> the rows with the names : 243 and 739 are removed

# test for monotonicity 
##

monSpikTest <- monotonicityTest(Data=datSpiked, Treatment="Conc", Response="Fluor") # no indication for montonicity
monSpikTest
#write.table(monSpikTest, file="MonotonicictyTestSpiked.csv", col.names = T, row.names = F, sep=";")

# data overview
##
summarySpiked <- data.frame(matrix(ncol=5, nrow=length(unique(datSpiked$Treatment))))
names(summarySpiked) <- c("Treatment","N","Mean","STD","Geomean")
summarySpiked$Treatment <- unique(datSpiked$Treatment)

for (i in 1:nrow(summarySpiked)){
  summarySpiked[i,"N"] <- nrow(datSpiked[which(datSpiked$Treatment == summarySpiked[i,"Treatment"] ),])
  summarySpiked[i,"Mean"] <- mean(datSpiked[which(datSpiked$Treatment == summarySpiked[i,"Treatment"]),"Fluor"], na.rm=T) 
  summarySpiked[i,"STD"] <- sd(datSpiked[which(datSpiked$Treatment == summarySpiked[i,"Treatment"]),"Fluor"], na.rm=T )
  summarySpiked[i,"Geomean"] <- geometric.mean(datSpiked[which(datSpiked$Treatment == summarySpiked[i,"Treatment"]),"Fluor"], na.rm=T)
}
summarySpiked

summarySpiked$Perc_Induc <- NA
for (i in 1:nrow(summarySpiked)){
  summarySpiked[i,"Perc_Induc"] <- 100*(summarySpiked[i,"Mean"] /
                                          summarySpiked[which(summarySpiked$Treatment=="FETAXT3"),"Mean"])-100
}
write.table(summarySpiked, file="summarySpiked.csv", sep = ";", col.names = T, row.names = F)


summarySpikedRep <- data.frame(matrix(ncol=6, nrow=nrow(unique(datSpiked[c("Treatment","Replicate")]))))
names(summarySpikedRep) <- c("Treatment","Replicate","N","Mean","STD","Geomean")
summarySpikedRep[,c("Treatment", "Replicate")] <- unique(datSpiked[c("Treatment","Replicate")])

for (i in 1:nrow(summarySpikedRep)){
  summarySpikedRep[i,"N"] <- nrow(datSpiked[which(datSpiked$Treatment == summarySpikedRep[i,"Treatment"] &
                                                    datSpiked$Replicate == summarySpikedRep[i,"Replicate"]),])
  summarySpikedRep[i,"Mean"] <- mean(datSpiked[which(datSpiked$Treatment == summarySpikedRep[i,"Treatment"]&
                                                       datSpiked$Replicate == summarySpikedRep[i,"Replicate"]),"Fluor"], na.rm=T) 
  summarySpikedRep[i,"STD"] <- sd(datSpiked[which(datSpiked$Treatment == summarySpikedRep[i,"Treatment"]&
                                                    datSpiked$Replicate == summarySpikedRep[i,"Replicate"]),"Fluor"], na.rm=T )
  summarySpikedRep[i,"Geomean"] <- geometric.mean(datSpiked[which(datSpiked$Treatment == summarySpikedRep[i,"Treatment"]&
                                                                    datSpiked$Replicate == summarySpikedRep[i,"Replicate"]),"Fluor"], na.rm=T)
}
summarySpikedRep$Perc_Induc <- NA
for (i in 1:nrow(summarySpikedRep)){
  summarySpikedRep[i,"Perc_Induc"] <- 100*(summarySpikedRep[i,"Mean"] /
                                             summarySpikedRep[which(summarySpikedRep$Replicate== summarySpikedRep[i,"Replicate"]&
                                                                      summarySpikedRep$Treatment=="FETAXT3"),"Mean"])-100
}
write.table(summarySpikedRep, file="summarySpikedRep.csv", sep = ";", col.names = T, row.names = F)



#boxplots per replicate spiked
##

boxplot(datSpiked[which(datSpiked$Replicate==1),"Fluor"]~datSpiked[which(datSpiked$Replicate==1),"Conc"],
        ylab = "Fluorescence", xlab="Spiked treatment in mg/L", main= "Replicate 1")
boxplot(datSpiked[which(datSpiked$Replicate==2),"Fluor"]~datSpiked[which(datSpiked$Replicate==2),"Conc"],
        ylab = "Fluorescence", xlab="Spiked treatment in mg/L",main= "Replicate 2")
boxplot(datSpiked[which(datSpiked$Replicate==3),"Fluor"]~datSpiked[which(datSpiked$Replicate==3),"Conc"],
        ylab = "Fluorescence", xlab="Spiked treatment in mg/L",main= "Replicate 3")


#Mixed anova
###

datSpiked$Replicate <- as.factor(datSpiked$Replicate)
datSpiked$Conc <- as.factor(datSpiked$Conc)
str(datSpiked)
MixedAnova <-lmer(Fluor ~ Conc+ (1|Replicate)+(1|Replicate:Conc),data = datSpiked, REML=T) # like in SAS 
Mixed <-summary(glht(MixedAnova, emm(trt.vs.ctrl1~Conc)))
#Mixed
             
comparisons<- row.names(Mixed[["linfct"]])
Estimate <- Mixed[["model"]]@beta[-1]
StdErr<- Mixed[["test"]][["sigma"]]
Df <- rep(Mixed[["df"]], times=length(StdErr)) 
tValue <-  Mixed[["test"]][["tstat"]]
AdjP <- Mixed[["test"]][["pvalues"]][-6]
PercIncreas <- 100*c((mean(datSpiked[which(datSpiked$Dose==2),"Fluor"])/mean(datSpiked[which(datSpiked$Dose==1),"Fluor"]))-1,
                     mean(datSpiked[which(datSpiked$Dose==3),"Fluor"])/mean(datSpiked[which(datSpiked$Dose==1),"Fluor"])-1,
                     mean(datSpiked[which(datSpiked$Dose==4),"Fluor"])/mean(datSpiked[which(datSpiked$Dose==1),"Fluor"])-1,
                     mean(datSpiked[which(datSpiked$Dose==5),"Fluor"])/mean(datSpiked[which(datSpiked$Dose==1),"Fluor"])-1,
                     mean(datSpiked[which(datSpiked$Dose==6),"Fluor"])/mean(datSpiked[which(datSpiked$Dose==1),"Fluor"])-1)


MixedOutSpiked <- cbind(Estimate,StdErr,Df,tValue,AdjP,PercIncreas)   
MixedOutSpiked
write.table(MixedOutSpiked, file="MixedOutSpiked.csv", sep = ";", col.names = T)
#testing for normality and homogeneous variance of residuals from mixed anova
###

#plot(MixedAnova)
plot(resid(MixedAnova)~fitted(MixedAnova),main="", xlab ="Fitted values",ylab="Pearson residuals" )
qqnorm(resid(MixedAnova),main="" )

shapiro.test(resid(MixedAnova))
leveneTest(resid(MixedAnova), datSpiked$Treatment)


# decreasing trend Williams test
###

amalgameans <- williamsTest(df=datSpiked, resp = "Fluor", trt = "Conc", direction = "decreasing") # this has to be done to receive the amalgamated means! The p-values here are irrelevant!
DIFFD <- amalgameans$Y0- amalgameans$Y.Tilde
SEDIFF <-  rev(Mixed[["test"]][["sigma"]])
WILLD <- DIFFD/SEDIFF
DF <- Mixed[["df"]]
crit <- williamsTestLookUpTable[which(williamsTestLookUpTable$df == DF),c("Q6","Q5","Q4","Q3","Q2")] # six doses --> Q6
signD <- crit < WILLD

WilliamsDecreaseSpiked <- cbind.data.frame(amalgameans[,1:3],DIFFD,SEDIFF,DF,WILLD,t(crit),t(signD), rev(PercIncreas))
names(WilliamsDecreaseSpiked) <- c("Conc","Y.Tilde","Y0","DIFF_Decrease","SE_DIFF","DF","WILL_Decrease","critical_Value","Significant","% Incr.")
WilliamsDecreaseSpiked
write.table(WilliamsDecreaseSpiked, file="WilliamsDecreaseSpiked.csv", col.names = T, row.names = T, sep=";")
# increasing trend Williams test
###

amalgameans <-williamsTest(df=datSpiked, resp = "Fluor", trt = "Conc", direction = "increasing" ) # this has to be done to receive the amalgamated means! The p-values here are irrelevant!
DIFFI <- amalgameans$Y.Tilde -amalgameans$Y0
WILLI <- DIFFI/SEDIFF 
signI <- crit < WILLI

WilliamsIncreaseSpiked <- cbind.data.frame(amalgameans[,1:3],DIFFI,SEDIFF,DF,WILLI,t(crit),t(signI), rev(PercIncreas))
names(WilliamsIncreaseSpiked) <- c("Conc","Y.Tilde","Y0","DIFF_Increase","SE_DIFF","DF","WILL_Increase","critical_Value","Significant","% Incr.")
WilliamsIncreaseSpiked
write.table(WilliamsIncreaseSpiked, file="WilliamsIncreaseSpiked.csv", col.names = T, row.names = T, sep=";")

#Outliers
###
#outlierTest(MixedAnova)
'residuals<- as.data.frame(resid(MixedAnova))
names(residuals) <- "Residuals"
residuals <- cbind(residuals,datSpiked)
quantiles <- quantile(residuals[,1], probs = seq(0,1,0.25),type=2)

iqr <- IQR(residuals[,1],type=2)
LB <- quantiles[2]-iqr*1.5
UB <- quantiles[4]+iqr*1.5


OutliersSpiked <- residuals[which(residuals$Residuals <= LB | residuals$Residuals >= UB),]
UB <- seq(from=UB, to=UB, length.out = nrow(OutliersSpiked))
LB <- seq(from=LB, to=LB, length.out = nrow(OutliersSpiked))
OutliersSpiked <- cbind(OutliersSpiked, UB ,LB)
OutliersSpiked
datSpikedOutlier <- datSpiked[rownames(datSpiked)!= rownames(OutliersSpiked),]'
###########################################################################
##UnSpiked analysis!!!
###########################################################################

# test for monotonicity
##

monUnspikTest <- monotonicityTest(Data=datUnspiked, Treatment="Conc", Response="Fluor")
#write.table(monUnspikTest, file="MonotonicictyTestUnspiked.csv", col.names = T, row.names = F, sep=";")


# data overview
##
summaryUnspiked <- data.frame(matrix(ncol=5, nrow=length(unique(datUnspiked$Treatment))))
names(summaryUnspiked) <- c("Treatment","N","Mean","STD","Geomean")
summaryUnspiked$Treatment  <- unique(datUnspiked$Treatment)

for (i in 1:nrow(summaryUnspiked)){
  summaryUnspiked[i,"N"] <- nrow(datUnspiked[which(datUnspiked$Treatment == summaryUnspiked[i,"Treatment"] ),])
  summaryUnspiked[i,"Mean"] <- mean(datUnspiked[which(datUnspiked$Treatment == summaryUnspiked[i,"Treatment"]),"Fluor"], na.rm=T) 
  summaryUnspiked[i,"STD"] <- sd(datUnspiked[which(datUnspiked$Treatment == summaryUnspiked[i,"Treatment"]),"Fluor"], na.rm=T )
  summaryUnspiked[i,"Geomean"] <- geometric.mean(datUnspiked[which(datUnspiked$Treatment == summaryUnspiked[i,"Treatment"]),"Fluor"], na.rm=T)
}
summaryUnspiked

summaryUnspiked$Perc_Induc <- NA
for (i in 1:nrow(summaryUnspiked)){
  summaryUnspiked[i,"Perc_Induc"] <- 100*(summaryUnspiked[i,"Mean"] /
                                            summaryUnspiked[which(summaryUnspiked$Treatment=="FETAX"),"Mean"])-100
}
write.table(summaryUnspiked, file="summaryUnspiked.csv", sep = ";", col.names = T, row.names = F)


summaryUnspikedRep <- data.frame(matrix(ncol=6, nrow=nrow(unique(datUnspiked[c("Treatment","Replicate")]))))
names(summaryUnspikedRep) <- c("Treatment","Replicate","N","Mean","STD","Geomean")
summaryUnspikedRep[,c("Treatment", "Replicate")] <- unique(datUnspiked[c("Treatment","Replicate")])

for (i in 1:nrow(summaryUnspikedRep)){
  summaryUnspikedRep[i,"N"] <- nrow(datUnspiked[which(datUnspiked$Treatment == summaryUnspikedRep[i,"Treatment"] &
                                                        datUnspiked$Replicate == summaryUnspikedRep[i,"Replicate"]),])
  summaryUnspikedRep[i,"Mean"] <- mean(datUnspiked[which(datUnspiked$Treatment == summaryUnspikedRep[i,"Treatment"]&
                                                           datUnspiked$Replicate == summaryUnspikedRep[i,"Replicate"]),"Fluor"], na.rm=T) 
  summaryUnspikedRep[i,"STD"] <- sd(datUnspiked[which(datUnspiked$Treatment == summaryUnspikedRep[i,"Treatment"]&
                                                        datUnspiked$Replicate == summaryUnspikedRep[i,"Replicate"]),"Fluor"], na.rm=T )
  summaryUnspikedRep[i,"Geomean"] <- geometric.mean(datUnspiked[which(datUnspiked$Treatment == summaryUnspikedRep[i,"Treatment"]&
                                                                        datUnspiked$Replicate == summaryUnspikedRep[i,"Replicate"]),"Fluor"], na.rm=T)
}
summaryUnspikedRep$Perc_Induc <- NA
for (i in 1:nrow(summaryUnspikedRep)){
  summaryUnspikedRep[i,"Perc_Induc"] <- 100*(summaryUnspikedRep[i,"Mean"] /
                                               summaryUnspikedRep[which(summaryUnspikedRep$Replicate== summaryUnspikedRep[i,"Replicate"]&
                                                                          summaryUnspikedRep$Treatment=="FETAX"),"Mean"])-100
}

write.table(summaryUnspikedRep, file="summaryUnspikedRep.csv", sep = ";", col.names = T, row.names = F)

#boxplots per replicate unspiked
##


boxplot(datUnspiked[which(datUnspiked$Replicate==1),"Fluor"]~datUnspiked[which(datUnspiked$Replicate==1),"Conc"],
        ylab = "Fluorescence", xlab="Unspiked treatment in mg/L", main= "")
boxplot(datUnspiked[which(datUnspiked$Replicate==2),"Fluor"]~datUnspiked[which(datUnspiked$Replicate==2),"Conc"],
        ylab = "Fluorescence", xlab="Unspiked treatment in mg/L",main= "")
boxplot(datUnspiked[which(datUnspiked$Replicate==3),"Fluor"]~datUnspiked[which(datUnspiked$Replicate==3),"Conc"],
        ylab = "Fluorescence", xlab="Unspiked treatment in mg/L",main= "")



#Mixed anova
###

datUnspiked$Replicate <- as.factor(datUnspiked$Replicate)
datUnspiked$Conc <- as.factor(datUnspiked$Conc)

MixedAnova <-lmer(Fluor ~ Conc+ (1|Replicate)+(1|Replicate:Conc)+(1|Replicate:Conc:Row),data = datUnspiked) # like in SAS 
Mixed <-summary(glht(MixedAnova, emm(trt.vs.ctrl1~Conc)))
Mixed

comparisons<- row.names(Mixed[["linfct"]])
Estimate <- Mixed[["model"]]@beta[-1]
StdErr<- Mixed[["test"]][["sigma"]]
Df <- rep(Mixed[["df"]], times=length(StdErr)) 
tValue <-  Mixed[["test"]][["tstat"]]
AdjP <- Mixed[["test"]][["pvalues"]][-6]
PercIncreas <- 100*c((mean(datUnspiked[which(datUnspiked$Dose==2),"Fluor"])/mean(datUnspiked[which(datUnspiked$Dose==1),"Fluor"]))-1,
                     mean(datUnspiked[which(datUnspiked$Dose==3),"Fluor"])/mean(datUnspiked[which(datUnspiked$Dose==1),"Fluor"])-1,
                     mean(datUnspiked[which(datUnspiked$Dose==4),"Fluor"])/mean(datUnspiked[which(datUnspiked$Dose==1),"Fluor"])-1,
                     mean(datUnspiked[which(datUnspiked$Dose==5),"Fluor"])/mean(datUnspiked[which(datUnspiked$Dose==1),"Fluor"])-1,
                     mean(datUnspiked[which(datUnspiked$Dose==6),"Fluor"])/mean(datUnspiked[which(datUnspiked$Dose==1),"Fluor"])-1)

MixedOutUnspiked <- cbind(Estimate,StdErr,Df,tValue,AdjP,PercIncreas)   
MixedOutUnspiked

#testing for normality and homogeneous variance of residuals from mixed anova
###

plot(MixedAnova)
plot(resid(MixedAnova)~fitted(MixedAnova), ylab = "Pearson residuals", xlab="Fitted values")
qqnorm(resid(MixedAnova), main="")

shapiro.test(resid(MixedAnova))
leveneTest(resid(MixedAnova), datUnspiked$Treatment)


# decreasing trend Williams test
###

amalgameans <-williamsTest(df=datUnspiked, resp = "Fluor", trt = "Conc", direction = "decreasing") # this has to be done to receive the amalgamated means! The p-values here are irrelevant!
DIFFD <- amalgameans$Y0- amalgameans$Y.Tilde
SEDIFF <-  rev(Mixed[["test"]][["sigma"]])
WILLD <- DIFFD/SEDIFF
DF <- Mixed[["df"]]
crit <- williamsTestLookUpTable[which(williamsTestLookUpTable$df == DF),c("Q6","Q5","Q4","Q3","Q2")] # six doses --> Q6
signD <- crit < WILLD

WilliamsDecreaseUnspiked <- cbind.data.frame(amalgameans[,1:3],DIFFD,SEDIFF,DF,WILLD,t(crit),t(signD),rev(PercIncreas))
names(WilliamsDecreaseUnspiked) <- c("Conc","Y.Tilde","Y0","DIFF_Decrease","SE_DIFF","DF","WILL_Decrease","critical_Value","Significant","% Increase")
WilliamsDecreaseUnspiked 
#write.table(WilliamsDecreaseUnspiked, file="WilliamsDecreaseUnspiked.csv", col.names = T, row.names = F, sep=";")

# increasing trend Williams test
###

amalgameans <-williamsTest(df=datUnspiked, resp = "Fluor", trt = "Conc", direction = "increasing" ) # this has to be done to receive the amalgamated means! The p-values here are irrelevant!
DIFFI <- amalgameans$Y.Tilde -amalgameans$Y0
WILLI <- DIFFI/SEDIFF 
signI <- crit < WILLI

WilliamsIncreaseUnspiked <- cbind.data.frame(amalgameans[,1:3],DIFFI,SEDIFF,DF,WILLI,t(crit),t(signI),rev(PercIncreas))
names(WilliamsIncreaseUnspiked) <- c("Conc","Y.Tilde","Y0","DIFF_Increase","SE_DIFF","DF","WILL_Increase","critical_Value","Significant","% Increase")
WilliamsIncreaseUnspiked

#write.table(WilliamsIncreaseUnspiked, file="WilliamsIncreaseUnspiked.csv", col.names = T, row.names = F, sep=";")


#Outliers
###
#outlierTest(MixedAnova)
'residuals<- as.data.frame(resid(MixedAnova))
names(residuals) <- "Residuals"
residuals <- cbind(residuals,datUnspiked)
quantiles <- quantile(residuals[,1], probs = seq(0,1,0.25),type=2)

iqr <- IQR(residuals[,1],type=2)
LB <- quantiles[2]-iqr*1.5
UB <- quantiles[4]+iqr*1.5
UB
LB
OutliersUnspiked <- residuals[which(residuals$Residuals <= LB | residuals$Residuals >= UB),]
UB <- seq(from=UB, to=UB, length.out = nrow(OutliersUnspiked))
LB <- seq(from=LB, to=LB, length.out = nrow(OutliersUnspiked))
OutliersUnspiked <- cbind(OutliersUnspiked, UB ,LB)
OutliersUnspiked'
Internal

