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## Load packages ##
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library(lme4)
library(tidyverse)
library(cowplot)
library(ggpubr)
library(gghalves)
library(pbkrtest)
library(DHARMa)
library(ggplot2)
library(scales)
library(see)
library(effects)

options(scipen=999)
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## Import Data ##
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dat.df <- read.delim("ESM_learning.csv", header = TRUE, sep=",")

str(dat.df)



#dat.dfSline<-as.factor(dat.dfSline)
#dat.dfScolour<-as.factor(dat.dfScolour)
#dat.dfSlocation<-as.factor(dat.dfSlocation)
#dat.dfSpen<-as.factor(dat.dfSpen)

#str(dat.df)
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H## Learning ##
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learn_full <- Imer(sessionsL ~ 1 + line * colour + (1|location/pen), data = dat.df,
na.action=na.exclude, REML=FALSE)

learn_1 <- Imer(sessionsL ~ 1 + line + colour + (1 |location/pen), data = dat.df, na.action=na.exclude,
REML=FALSE)

learn_2 <- Imer(sessionsL ~ 1 + line + (1]location/pen), data = dat.df, na.action=na.exclude,
REML=FALSE)

learn_3 <- Imer(sessionsL ~ 1 + colour + (1|location/pen), data = dat.df, na.action=na.exclude,
REML=FALSE)

#Model assumptions
simulationOutput <- simulateResiduals(fittedModel = learn_1, n = 250)
plot(simulationOutput)

testResiduals(simulationOutput)

#Bootstrapping

set.seed(1000)

learn_bs_interaction <- PBmodcomp(learn_full, learn_1)
learn_bs_colourl <- PBmodcomp(learn_1, learn_2)
learn_bs_line <- PBmodcomp(learn_1, learn_3)
summary(learn_bs_interaction)
summary(learn_bs_colourl)

summary(learn_bs_line)



#Covariance by random factors

VarCorr(learn_1)

#Calculating Cls
Cl_learn_all <- allEffects(learn_1)

as.data.frame(Cl_learn_all)

Cl_learn_line <- Effect("line", learn_1)

Cl_learn_line.df <- data.frame(Cl_learn_line)

Cl_learn_colour <- Effect("colour", learn_1)

Cl_learn_colour.df <- data.frame(Cl_learn_colour)
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##t Reversal ##
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reversal_full <- Imer(sessionsR ~ 1 + line * colour + (1]|location/pen), data = dat.df,
na.action=na.exclude, REML=FALSE)

reversal_1 <- Imer(sessionsR ~ 1 + line + colour + (1|location/pen), data = dat.df,
na.action=na.exclude, REML=FALSE)

reversal_2 <- Imer(sessionsR ~ 1 + line + (1|location/pen), data = dat.df, na.action=na.exclude,
REML=FALSE)

reversal_3 <- Imer(sessionsR ~ 1 + colour + (1|location/pen), data = dat.df, na.action=na.exclude,
REML=FALSE)

#Model assumptions
simulationOutput <- simulateResiduals(fittedModel = reversal_1, n = 250)
plot(simulationOutput)

testResiduals(simulationOutput)

#Bootstrapping

reversal_bs_interaction <- PBmodcomp(reversal_full, reversal_1)



reversal_bs_colourR <- PBmodcomp(reversal_1, reversal_2)
reversal_bs_line <- PBmodcomp(reversal_1, reversal_3)
summary(reversal_bs_interaction)
summary(reversal_bs_colourR)

summary(reversal_bs_line)

#Covariance by random factors

VarCorr(reversal_full)

#Calculating Cls
Cl_reversal_all <- allEffects(reversal_1)

as.data.frame(Cl_reversal_all)

Cl_reversal_line <- Effect("line", reversal_1)

Cl_reversal_line.df <- data.frame(Cl_reversal_line)

Cl_reversal_colour <- Effect("colour", reversal_1)

Cl_reversal_colour.df <- data.frame(Cl_reversal_colour)
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H# Figure ##
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#dat.dfSbreed <- factor(dat.dfSbreed, levels = ¢("Dwarf", "Dairy"))
#dat.dfSlocation <- factor(dat.dfSlocation, levels = c("Ettenhausen", "Dummerstorf"))

selectionline <- ¢("dairy goats", "dwarf goats")

figl = ggplot(Cl_learn_line.df, aes(x=line, y=fit)) +
scale_x_discrete(labels=selectionline) +
scale_fill_viridis_d() +

geom_violin(data=dat.df, aes(x=line, y=sessionsL), alpha = 0.4, colour="black", fill="#CCCCCC") +



geom_jitter(data=dat.df, aes(x=line, y=sessionslL), size=5, position=position_jitter(h=0.00,w=0.20),
alpha = 0.4, show.legend = F) +

geom_point(size = 6) +
geom_errorbar(aes(ymax=lower, ymin=upper, width = .0), size=3) +
theme_modern() +
#xlab("Selection line") +
scale_y_continuous(breaks=seq(0,12,6), limits=c(0,12)) +
ylab("# of sessions to criterion") +
ggtitle("Discrimination learning") +
theme(plot.title = element_text(face="bold", size=24),
axis.title.x = element_blank(),
axis.text.x = element_text(size=20),
axis.title.y = element_text(face="bold", size=24),
axis.text.y = element_text(size=20),

strip.text = element_text(size = 20))

fig2 = ggplot(Cl_reversal_line.df, aes(x=line, y=fit)) +
scale_x_discrete(labels=selectionline) +
scale_fill_viridis_d() +
geom_violin(data=dat.df, aes(x=line, y=sessionsR), alpha = 0.4, colour="black", fill="#CCCCCC") +

geom_jitter(data=dat.df, aes(x=line, y=sessionsR), size=5, position=position_jitter(h=0.00,w=0.20),
alpha = 0.4, show.legend = F) +

geom_point(size = 6) +
geom_errorbar(aes(ymax=lower, ymin=upper, width = .0), size=3) +
theme_modern() +
scale_y_continuous(breaks=seq(0,12,6), limits=c(0,12)) +
#xlab("Selection line") +
#ylab("# of sessions to criterion") +
ggtitle("Reversal learning") +
theme(plot.title = element_text(face="bold", size=24),
axis.title.x = element_blank(),

axis.text.x = element_text(size=20),



axis.title.y = element_blank(),
axis.text.y = element_text(size=20),

strip.text = element_text(size = 20))

ggarrange(figl, fig2,

#labels=c("A", "B"),

ncol=2, nrow=1)

ggsave("fig_results.png", units = "in", width = 10, height = 5, dpi = 300)



