Supplementary material

May 2, 2020

Here we outline the principles for classifying the exam material for quantitative analysis, sum-
marize the applied statistical methods, and include the original exam questions from 1921 to 1969
in Finnish and Swedish.
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1 Data

Primary data is included as the file MEB.csv. The dataframe contains 7 columns: Term is the
time of the year when the exam was held (spring, autumn or no given term), Year is the year
of the exam, Task is the number of the question, NRC1 is the knowledge content category given
by Rater A, NRC2 is the knowledge content category given by Rater B, Bloom1 is the educational
form category (Bloom’s taxonomy) given by Rater A, and Bloom?2 is the educational form category
given by Rater B. The categories in knowledge content are encoded as follows: “M” for Molecules
to organisms, “G” for Genetics, “E” for Evolution and “C” for Ecology.

1.1 Reading in file

1| #The file ©s saved as the object MEB

MEB <- read.csv2("MEB.csv")
colnames (MEB)
str (MEB)

1. Term’ 2. "Year’ 3. "Task’ 4. 'NRC1’ 5. 'NRC2’ 6. ‘Bloom1’ 7. ‘Bloom2’

'data.frame': 383 obs. of 7 variables:

$ Term : Factor w/ 4 levels "","Autumn","Autumn ",..: 4 4 4 4 4 442 22 ...
$ Year : int 1921 1921 1921 1921 1924 1924 1924 1924 1924 1924 ...

$ Task : Factor w/ 11 levels "1","2" ,"3" "3A",..: 1 236123123 ...

$ NRC1 : Factor w/ 4 levels "C","E","G","M": 4 44 4444214 ...



$ NRC2 : Factor w/ 5 levels "C","E","G","M",..: 44 44444214 ...
$ Blooml: int 1 222422441 ...
$ Bloom2: int 1222422441 ...

2 Classification of questions

The exam questions were classfied into four categories of knowledge content (“Molecules to or-
ganisms”, “Genetics”, “Evolution” and “Ecology”). In our classification, Molecules to organisms
included questions that examined the structure or function of organisms, ranging from the molec-
ular to the organismal level. However, if the task inspected chromosomes, DNA or some other ge-
netic component, these questions were classified as Genetics. The category Evolution included all
questions on evolutionary processes and evolutionary theory, while purely descriptive taxonomic
or systematic questions were classified into Molecules to organisms. Further detailed distinctions
for each category are outlined below.

2.1 Molecules to organisms

All the questions of a purely biochemical, physiological or morphological character were unam-
biguously categorized into Molecules to organisms, meaning that this category included a wide
range of questions from human physiology to plant morphology. However, some ambiguities
arose at the intersection to Evolution, as the exam included several questions on taxon descrip-
tions and comparative morphology.

If the question was on a singular taxon or if the question was most likely asking for morpholog-
ical characteristics, the question was classified as Molecules to organisms rather than Evolution.
Therefore, e.g. “Explain the characteristics of the carrot family and list some species from this
taxon” (Spring 1921 Q1), “Tell about the Liliaceae family and list species from this family” (Au-
tumn 1925 Q2), and “What do you know about salmonid fish? (Autumn 1926 Q3) were all decided
to be classified as Molecules to organisms rather than Evolution. However, if the taxons were in a
more systematic and evolutionary context, the questions were classified as Evolution. For exam-
ple”How to phanerogams (seed plants) and cryptogams differ from each other?" (Autumn 1924
Q1) was therefore decided to be Evolution.

If an exam question on comparative zoology focused on the morphological aspect, the question
was categorized into Molecules to organisms. Hence “The morphology and ecology of the cross
spider” (Autumn 1927 Q3), “Finnish aquatic mammals and their morphological characteristics”
(Autumn 1933 Q2) and “Teeth and diet in mammals” (Autumn 1935 Q2) were all classified as
Molecules to organisms. In contrast, if a question was formulated in a more evolutionary context,
such as “The rudimentary organs of animals and their origin” (Spring 1931 Q2), it was regarded
as Evolution.

2.2 Genetics

All crossing experiments and traditional questions on transmission genetics and Mendelism were
unambiguosly classfied as Genetics, including tasks such as “Mendelism and the laws of inher-
itance” (Spring 1928 Q3), “Genotype and phenotype” (Spring 1936 Q4, Spring 1941 Q4 and Au-
tumn 1952 Q3) and “The role of the mother and father in the genotype of a child” (Spring 1947
(Q4). Nonetheless, there was some overlap to both Evolution and Molecules to organisms.
Questions that were focusing on population genetics or inheritance without a clear evolution-
ary context were classified as Genetics. Therefore “What is the underlying principle of breeding”
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(Spring 1931 Q3), “What is known of the inheritance of acquired characteristics?” (Autumn 1935
Q3) were classified as Genetics. On the contrary, similar questions asked in an evolutionary con-
text were categorized into Evolution, such as “Where do our domestic animals come from and
what do we know about their origin?” (Autumn 1934 Q3).

All tasks covering the structure of chromosomes and genes were regarded as Genetics rather
than Molecules to organisms, e.g. “What is a gene and what do we know about them?” (1944 N:o 4
Q3), “Reduction division and its relevance” (Autumn 1946 Q4), and “Chromosomes” (Spring 1950
Q3 and Autumn 1961 Q2). The same applied for other cytogenetic questions, e.g. “Mutations and
their relevance” (Spring 1947 Q5 and Spring 1951 Q4) and “Genetic linkage and crossing-over”
(Spring 1954 Q4).

2.3 Evolution

All questions regarding the principles of the evolutionary theory itself and evidence for evolution
were classified as Evolution, including for instance “Darwinism and selection” (Spring 1934 Q4),
“Homology and analogy” (Spring 1935 Q4), “Lamarckism in the view of modern evolutionary
biology” (Autumn 1949 Q3), and “Fossils and their relevance” (Spring 1953 Q3). Furthermore,
all tasks on the evolutionary history of life were unambiguously regarded as Evolution, such as
“The Carboniferous period” (Autumn 1938 Q4 and Spring 1960 Q4) and “The prehistoric human”
(Autumn 1937 and Autumn 1951).

The principles of classifying questions at the intersections to Molecules and organisms as well
as Genetics are discussed in the sections above. In addition, a couple of questions were overlap-
ping with Ecology, and in these cases the question was categorized into Evolution if the emphasis
was on evolutionary forces and speciation, such as “Why do isolated areas have an endemic fauna
and flora?” (Autumn 1949 Q5).

24 Ecology

Questions on community ecology were unambiguously regarded as Ecology, for example “What
do you know about parasitim in the animal kingdom” (Spring 1925 Q3), “Symbiosis” (Autumn
1930 Q3), and “Mimicry” (Autumn 1931 Q3). Furthermore, tasks on different aspects of ecosystem
ecology were also unambiguously seen as Ecology, e.g. “The nitrogen cycle” (Autumn 1958 Q3
and Spring 1969 Q2), “Producers and consumers in nature” (Spring 1959 Q3), and “Carbon balance
in the atmosphere” (Spring 1965 Q4). If the question was on a given organism group and its
position in the ecosystem, these questions were also regarded as Ecology rather than Molecules
to organisms: “Plankton in the aquatic ecosystem” (Spring 1933 Q3 and Spring 1968 Q4) and
“Bacteria in nature” (Autumn 1950 Q1 and Autumn 1964 Q2).

Ecophysiological questions with a strong emphasis on adaptation to a given environmental
factor were classified as Ecology rather than Molecules to organisms or Evolution, including tasks
such as “Differences between plants growing in arid and humid environments” (Autumn 1924,
Q2), “Cacti and drought” (Autumn 1933 Q1), and “Overwintering in plants” (Spring 1966 Q1).
Furthermore, questions on a particular environmental factor and its relevance for life in general
were regarded as Ecology, for example “Light and life” (Autumn 1956 Q1 and Autumn 1964 Q1)
and “Temperature and life” (Autumn 1957 Q1 and Spring 1963 Q1).

Biogeographical descriptios of both global and local biomes were also classified as Ecology,
e.g. “The animals of Africa” (Spring 1926 Q4), “The steppe and the savannah” (Spring 1955 Q5),
“Finnish peatlands” (Spring 1964 Q6) and “Finnish lakes” (Spring 1966 Q6).



3 Kappa analysis

The interrater evaluations were cross-tabulated and Cohen’s kappa statistic was calculated for
both the classification schemes in knowledge content and educational form to inspect interrater
reliability.

3.1 Trends in knowledge content

3.1.1 Counting frequencies

[2]: | #Function for counting frequencies
table_science <- function(table){
#First an empty 4z4 dataframe with default zeros is initialized
nrc_df <- data.frame(rep(0,4), rep(0,4), rep(0,4), rep(0,4))
#The rows are labeled as Rater 1
rownames (nrc_df) <- c("Rater 1 M", "Rater 1 G", "Rater 1 E", "Rater 1 C")
#The columns are labeled as Rater 2
colnames(nrc_df) <- c("Rater 2 M", "Rater 2 G", "Rater 2 E", "Rater 2 C")
#The function iterates over each row in the input table
for (i in 1:nrow(table)){
index <- c("M", "G", "E", "C")
#The function iterates over each category
for (j in 1:length(index)){
for (k in 1:length(index)){
#The table ts looped over and the frequency of each category is,
—counted
if (table$NRC1[i] == index[k] & table$NRC2[i] == index[jl){
nrc_df [k,j] <- nrc_df[k,j]l + 1
}
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return(nrc_df)

}

[3]: | #The cross-table of classifications was generated
nrc_df <- table_science(MEB)

3.1.2 Visualization

[5]: library(reshape2)
library(tidyverse)

#Rearranging the contingency table
nrc_df m <- nrc_df %>%
rownames_to_column() %>%
gather (colname, value, -rowname)
nrc_df_m$rowname <- as.factor(substring(nrc_df_m$rowname, 8))



nrc_df_m$colname <- as.factor(substring(nrc_df_m$colname, 8))
#Renaming the rows and columns with proper labels

levels(nrc_df_m$rowname) <- c("Ecology", "Evolution", "Genetics", "Molecules to
~\n organisms")
levels(nrc_df_m$colname) <- c("Ecology", "Evolution", "Genetics", "Molecules to

~\n organisms")
#Percentages calculated
nrc_df m$value <- (nrc_df m$value/sum(nrc_df))*100

[6]:  #Visualizing with ggplot

g <- ggplot(data = nrc_df_m, aes(x= reorder(rowname, desc(rowname)), y=colname,,
~fill=value)) + geom_tile()

g <- g + theme_minimal()

g <- g + scale_fill_gradient2(low = "white", high = "darkgreen",
—name="Percentage (%)")

g <~ 8

g <- gtxlab("Rater A")+ylab("Rater B")

options(repr.plot.width = 5, repr.plot.height = 3)

g <- g + geom_text(aes(label = round(value, 1)))

g
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Supplementary figure 1. The cross-tabulation of interrater classifications reveal that there was
some disagreement between “Molecules to organisms” and the other categories. The diagonal
values represent the percentage of interrater agreement for all four classes, while the non-diagonal
values represent cases of disagreement.



[8]:

[7]:

[9]:

#The graph ts saved as a high-resolution figure
ggsave ("Kappa_science.png", width = 5, height = 3, dpi=2000)

3.1.3 Kappa statistic

Interrater reliability was measured with Cohen’s kappa statistic, which was calculated using the
conventional formula:

Po = Pe
1—-7p.
where py is the observed proportional agreement and p, is the expected agreement by chance.
From the contingency table these can be calculated as py = %Z‘ig:l T;; and p, = % Zlgzl Ti Ty,
where g is the number of categories, T;. is the total for the ith row and T, is the total for the ith
column.
#Implementing the kappa formula
kappa <- function(table){
nrow <- nrow(table)
p_0 <=0
p_e <- O
for (i in 1:nrow){
p_0 <~ p_0 + tablel[i, i]
p_e <- p_e + colSums(table) [[i]]*rowSums(table) [[i]]

K=

}
p_0 <- p_0/sum(table)
p_e <- p_e/(sum(table)**Q)
kappa <- (p_0 - p_e)/(1-p_e)
return(kappa)

}

kappa(nrc_df)
0.89230223039011

3.2 Trends in educational form

3.2.1 Counting of frequencies

[10]: | #Function for counting frequencies

table_education <- function(table){
#First an empty 6xz6 dataframe with default zeros ts initialized
bloom_df <- data.frame(rep(0,6), rep(0,6), rep(0,6), rep(0,6), rep(0,6),,

~rep(0,6))
#The rows are labeled as Rater 1
rownames (bloom_df) <- c("Rater A Bloom 1", "Rater A Bloom 2", "Rater A,

~Bloom 3", "Rater A Bloom 4", "Rater A Bloom 5", "Rater A Bloom 6")

#The columns are labeled as Rater 2

colnames(bloom_df) <- c("Rater B Bloom 1", "Rater B Bloom 2", "Rater B
~Bloom 3", "Rater B Bloom 4", "Rater B Bloom 5", "Rater B Bloom 6")



[11]:

[12]:

[13]:

for (i in 1:nrow(table)){
for (j in 1:6){
for (k in 1:6){
if (table$Blooml[i] == k & table$Bloom2[i] == j){
bloom_df [k,j] <- bloom_df[k,j] + 1
}

}
return(bloom_df)

}
bloom_df <- table_education(MEB)

3.2.2 Visualization

library(reshape?2)
library(tidyverse)

bloom_df_m <- bloom_df %>’

rownames_to_column() %>%

gather(colname, value, -rowname)
bloom_df m$rowname <- as.factor(substring(bloom_df_m$rowname, 8))
bloom_df_m$colname <- as.factor(substring(bloom_df_m$colname, 8))
bloom_df_m$value <- (bloom_df_m$value/sum(bloom_df))*100

g <- ggplot(data = bloom_df_m, aes(x=rowname , y=reorder (colname,,,
—~desc(colname)), fill=value)) + geom_tile()

g <- g + theme_minimal ()

g <- g + scale_fill _gradient2(low = "white", high = "darkgreen",
—name="Percentage (%)")

g <~ 8

g <- gtxlab("Rater A")+ylab("Rater B")

options(repr.plot.width = 6, repr.plot.height = 3)

g <- g + geom_text(aes(label = round(value, 1)))

g



[14]:

[15]:
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Supplementary figure 2. The cross-tabulation of interrater classifications reveal that there was
some disagreement between knowing and comprehending as well as comprehending and apply-
ing. Interrater agreement of Bloom’s taxonomy. The diagonal values represent the percentage of
interrater agreement for all six classes, while the non-diagonal values represent cases of disagree-

ment.

ggsave ("Kappa_education.png", width = 6, height =

14.9

0

0

Bloom 1

3.2.3 Kappa statistic

kappa(bloom_df)

0.836123442263465

2.9

0.8

0

Bloom 2

0.3 0.3 0

0.8 0 0

7 0.5 0

0.3 13.8 0

0.5 0.3 2.1

0 0.5 0.3

Bloom3 Bloom4 Bloom5

Rater A

4 Trends in knowledge content

4.1 Data reconfiguration

0
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3, dpi=2000)
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[62]:  #An empty dataframe for calculating the proportion of the NRC categories fory

[63]:

—each exam

p <- prop.table(table(MEB$NRC1))
years <- 1921:1969
M <- rep(0, length(years))
C <- rep(0, length(years))
G <- rep(0, length(years))
E <- rep(0, length(years))
data <- data.frame(years, M, C, G, E)

#Frequencies are counted

for (i in 1924:1969){



bioexp <- MEB$NRC1[MEB$Year == il
Ms <- length(which(bioexp== "M"))
data$M[data$years == i] <- Ms
Cs <- length(which(bioexp== "C"))
data$C[data$years == i] <- Cs
Gs <- length(which(bioexp== "G"))
data$G[data$years == i] <- Gs
Es <- length(which(bioexp== "E"))
data$E[data$years == i] <- Es
}
data$M[data$years == 1921] <- 3
data$E[data$years == 1921] <- 1

[64]:  #Proportions are calculated from frequencies
prop.data <- data
for (i in 1:nrow(prop.data)){
total <- sum(prop.datali, 2:5])
for (j in 2:5) {
prop.datali,j] <- prop.datal[i, jl/total

}
}
[65]: | #Data is reconfigured for visualization
NRC1 <- cQ)
prop <- cQ

year <- c()

for (i in 1:nrow(prop.data)){
NRC1 <- c(NRC1, "M")
year <- c(year, prop.datali, 1])
prop <- c(prop, prop.datali, 2])
NRC1 <- c(NRC1, "C")
year <- c(year, prop.datali, 1])
prop <- c(prop, prop.datal[i,3])
NRC1 <- c(NRC1, "G")
year <- c(year, prop.datali, 1])
prop <- c(prop, prop.datal[i,4])
NRC1 <- c(NRC1, "E")
year <- c(year, prop.datali, 1])
prop <- c(prop, prop.datali,5])

}

stack <- data.frame(year, NRC1, prop)

levels(stack$NRC1) <- c("Ecology", "Evolution", "Genetics", "Molecules to
—organisms")

colnames(stack) <- c("Year", "Category", "Proportion")

[66]: | #Stacked plot
library(ggplot2)
g <- ggplot(stack, aes(x=Year, y=Proportion, fill=Category)) +



geom_area(alpha=0.6 , size=1, colour="black")+theme_classic()

g <- g + theme(axis.text = element_text(size = 15)) + theme(axis.title =
—element_text(size = 20))+theme(legend.
~text=element_text(size=20))+theme(legend.title=element_text(size=20))

options(repr.plot.width = 10, repr.plot.height = 4)

g <- g + scale_fill brewer(palette="PRGn")

g

Warning message:

1.00
5 0.75 Category
g~ Ecology
8,050 Evolution
DE_ Genetics _
0.95 Molecules to organisms
0.00
1920 1930 1940 1950 1960 1970

Year

The plot is included as Figure 7 in the article.
[22]: | ggsave("Science_stack.png", width = 12, height = 5, dpi=2000)

Warning message:

4.2 Chi-square test and Fisher’s exact test

The results of Table 3 are calculated.

[26]: Decade <- c("20s", "30s", "40s", "50s", "60s")
Freq <- rep(0, 5)
df <- data.frame(Decade, Freq)
df[1,2] <- length(MEB$NRC1[MEB$Year
df [2,2] <- length(MEB$NRC1[MEB$Year
df [3,2] <- length(MEB$NRC1[MEB$Year
df [4,2] <- length(MEB$NRC1[MEB$Year
df [5,2] <- length(MEB$NRC1[MEB$Year
df

19301)

1929 & MEB$Year < 1940])
1939 & MEB$Year < 1950])
1949 & MEB$Year < 1960])
1959 & MEB$Year < 1970])

vV V.V V A
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Decade | Freq
20s | 46
30s | 83
40s | 83
50s | 79
60s | 92
[27]: p20 <- prop.table(table(MEB$NRC1[MEB$Year < 1930]))
p30 <- prop.table(table(MEB$NRC1[MEB$Year < 1940 & MEB$Year > 1929]))
p40 <- prop.table(table(MEB$NRC1[MEB$Year < 1950 & MEB$Year > 1939]))
p50 <- prop.table(table (MEB$NRC1[MEB$Year < 1960 & MEB$Year > 1949]))
p60 <- prop.table(table (MEB$NRC1[MEB$Year < 1970 & MEB$Year > 1959]))

df <- rbind(p20, p30, p40, p50, p60)
df

C E G M

p20 | 0.21739130 0.08695652 0.02173913  0.6739130
p30 | 0.16867470 0.16867470 0.07228916 0.5903614
p40 | 0.07228916 0.12048193 0.18072289  0.6265060
p50 | 0.24050633 0.12658228 0.21518987 0.4177215
p60 | 0.21739130 0.17391304 0.27173913  0.3369565

[28]: t20 <- table(MEB$NRC1[MEB$Year < 1930])
t30 <- table(MEB$NRC1[MEB$Year 1940 & MEB$Year > 1929])
t40 <- table(MEB$NRC1[MEB$Year 1950 & MEB$Year > 1939])
t50 <- table(MEB$NRC1[MEB$Year 1960 & MEB$Year > 1949])
t60 <- table(MEB$NRC1[MEB$Year 1970 & MEB$Year > 1959])

<
<
<
<
The Chi-square test and Fisher’s test are used to compare the frequencies between decades.

4.2.1 1920s to 1930s

[26]: chisq.test(rbind(t20, t30))
fisher.test(rbind(t20, t30))

Warning message in chisq.test(rbind(t20, t30)):

Pearson's Chi-squared test

data: rbind(t20, t30)
X-squared = 3.5209, df = 3, p-value = 0.3181

Fisher's Exact Test for Count Data
data: rbind(t20, t30)

p-value = 0.3552
alternative hypothesis: two.sided
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4.2.2 1930s to 1940s

[27]: chisq.test(rbind(t30, t40))
fisher.test(rbind(t30, t40))

Pearson's Chi-squared test

data: rbind(t30, t40)
X-squared = 7.8129, df = 3, p-value = 0.05004

Fisher's Exact Test for Count Data

data: rbind(t30, t40)
p-value = 0.04928
alternative hypothesis: two.sided

4.2.3 1920s to 1940s

[28]: chisq.test(rbind(t20, t40))
fisher.test(rbind (t20, t40))

Warning message in chisq.test(rbind(t20, t40)):

Pearson's Chi-squared test

data: rbind(t20, t40)
X-squared = 11.466, df = 3, p-value = 0.009457

Fisher's Exact Test for Count Data

data: rbind(t20, t40)
p-value = 0.007394
alternative hypothesis: two.sided

4.2.4 1940s to 1950s

[29]: chisq.test(rbind(t40, t50))
fisher.test(rbind (t40, t50))
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Pearson's Chi-squared test

data: rbind(t40, t50)
X-squared = 11.04, df = 3, p-value = 0.01151

Fisher's Exact Test for Count Data

data: rbind(t40, t50)
p-value = 0.01063
alternative hypothesis: two.sided

4.2.5 1950s to 1960s

[30]: chisq.test(rbind(t50, t60))
fisher.test(rbind(t50, t60))

Pearson's Chi-squared test

data: rbind(t50, t60)
X-squared = 2.0199, df = 3, p-value = 0.5683

Fisher's Exact Test for Count Data

data: rbind(t50, t60)
p-value = 0.5796
alternative hypothesis: two.sided

5 Trends in educational form

5.1 Data reconfiguration

[29]: | #An empty dataframe for calculating the proportion of the Bloom's categories
~for each ezam
years <- 1921:1969
Know <- rep(0, length(years))
Comprehend <- rep(0, length(years))
Apply <- rep(0, length(years))
Analyze <- rep(0, length(years))
Evaluate <- rep(0, length(years))
Create <- rep(0, length(years))
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data <- data.frame(years, Know, Comprehend, Apply, Analyze, Evaluate, Create)
#Frequencies are counted
for (i in 1924:1969){
bioexp <- MEB$Blooml[MEB$Year == i]
Knows <- length(which(bioexp== 1))
data$Know[data$years == i] <- Knows
Comprehends <- length(which(bioexp== 2))
data$Comprehend [data$years == i] <- Comprehends
Applies <- length(which(bioexp== 3))
data$Apply[data$years == i] <- Applies
Analyzes <- length(which(bioexp== 4))
data$Analyze[data$years == i] <- Analyzes
Evaluates <- length(which(bioexp== 5))

data$Evaluate[data$years == i] <- Evaluates
Creates <- length(which(bioexp== 6))
data$Create[data$years == i] <- Creates

}
data$Know[data$years == 1921] <- 1
data$Comprehend[data$years == 1921] <- 3

[30]: | #Proportions are calculated from frequencies
prop.data <- data
for (i in 1:nrow(prop.data)){
total <- sum(prop.datali, 2:7])
for (j in 2:7) {
prop.datali,j] <- prop.datali, j]/total
X
b

[31]:  #Data is reconfigured for visualization

Blooml <- c()

prop <- c(Q

year <- c()

for (i in 1:nrow(prop.data)){
Blooml <- c(Blooml, "Know")
year <- c(year, prop.datali, 1])
prop <- c(prop, prop.datali, 2])
Blooml <- c(Blooml, "Comprehend")
year <- c(year, prop.datali, 1])
prop <- c(prop, prop.datali,3])
Blooml <- c(Blooml, "Apply")
year <- c(year, prop.datali, 1])
prop <- c(prop, prop.datali, 4])
Blooml <- c(Blooml, "Analyze")
year <- c(year, prop.datali, 1])
prop <- c(prop, prop.datali,5])
Blooml <- c(Blooml, "Evaluate")
year <- c(year, prop.datali, 1])
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prop <- c(prop, prop.datali,6])

Blooml <- c(Blooml, "Create")

year <- c(year, prop.datali, 1])

prop <- c(prop, prop.datali,7])
}

[32]: stack <- data.frame(year, Blooml, prop)
levels(stack$Blooml) <- c("4. Analyze", "3. Apply", "2. Comprehend", "6.
~Create", "5. Evaluate", "1. Know")
stack$Blooml <- factor(stack$Blooml, levels=c("1. Know", "2. Comprehend", "3.,,
~Apply", "4. Analyze", "5. Evaluate", "6. Create"))
colnames(stack) <- c("Year", "Level", "Proportion")

[38]: g <- ggplot(stack, aes(x=Year, y=Proportion, fill=Level)) +
geom_area(alpha=0.6 , size=1, colour="black")+theme_classic()

g <- g + theme(axis.text = element_text(size = 15)) + theme(axis.title =
—element_text(size = 20))+theme(legend.
—text=element_text(size=20))+theme(legend.title=element_text(size=20))

options(repr.plot.width = 10, repr.plot.height = 4)

g <- g + scale_fill_brewer(palette="PRGn")

g

Warning message:
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The plot is included as Figure 10 in the article.
[39]: ggsave("Education_stack.png", width = 12, height = 5, dpi=2000)

Warning message:

5.2 Fisher’s test

Fisher’s test are used to compare the frequencies between decades.
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[40]: p20 <- prop.table(table(MEB$Blooml [MEB$Year < 1930]1))
p30 <- prop.table(table(MEB$Blooml [MEB$Year < 1940 & MEB$Year > 1929]))
p40 <- prop.table(table(MEB$Blooml [MEB$Year < 1950 & MEB$Year > 1939]))
p50 <- prop.table(table(MEB$Blooml [MEB$Year < 1960 & MEB$Year > 1949]))
p60 <- prop.table(table(MEB$Blooml [MEB$Year < 1970 & MEB$Year > 1959]))

[41]:

[39]:

[40]:

df <- rbind(c(p20, 0, 0), c(p30, 0), c(p4o0,

rownames (df) <- c("20s", "30s", "40s", "50s", "60s")
Colnames(df) - C("l", n2u’ n3u’ n4n’ n5u’ "6")

df

1

2

3

4

5

0), p50, c(p60, 0))

6

20s
30s
40s
50s
60s

t20e
t30e
t40e
t50e
t60e

0.45652174
0.14457831
0.06024096
0.16455696
0.10869565

0.3695652
0.4939759
0.6144578
0.6075949
0.6630435

0.06521739
0.10843373
0.14457831
0.07594937
0.04347826

0.1086957
0.2409639
0.1204819
0.1139241
0.1630435

table (MEB$Blooml [MEB$Year < 1930])

table (MEB$Blooml [MEB$Year <
table (MEB$Blooml [MEB$Year <
table (MEB$Bloom1 [MEB$Year <
table (MEB$Blooml [MEB$Year <
table_edu <- rbind(c(t20e, 0, 0),

1940 & MEB$Year
1950 & MEB$Year
1960 & MEB$Year
1970 & MEB$Year
c(t30e, 0), c(t40e, 0), t50e, c(t60e, 0))

0.00000000
0.01204819
0.06024096
0.01265823
0.02173913

> 1929])
> 1939])
> 1949])
> 1959])

rownames (table_edu) <- c("20s", "30s", "40s", "50s", "60s")
colnames(table_edu) <- C("l", u2u’ n3u’ u4n, n5u’ "6“)

5.2.1 1920s to 1930s

fisher.test(rbind(table_edu[1,], table_edul2,]))

Fisher's Exact Test for Count Data

data:
p-value

= 0.002165

alternative hypothesis: two.sided

5.2.2 1930s to 1940s

rbind(table_edull, ], table_edul2, 1)

fisher.test(rbind(table_edul2,], table_edul3,]))

Fisher's Exact Test for Count Data

data:
p-value

= 0.03402

alternative hypothesis: two.sided

rbind(table_edul[2, ], table_edul3, 1)
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[41]:

[42]:

5.2.3 1940s to 1950s

fisher.test(rbind(table_edul3,], table_edul4,]))

Fisher's Exact Test for Count Data

data: rbind(table_edul3, ], table_edul4, 1)
p-value = 0.06653
alternative hypothesis: two.sided

5.2.4 1950s to 1960s

fisher.test(rbind(table edul4,], table _edul5,]))

Fisher's Exact Test for Count Data

data: rbind(table_edul4, ], table_edul[5, 1)
p-value = 0.4264
alternative hypothesis: two.sided

6 Novel biological discoveries

6.1 Year of academic establishment

The principles for assigning the year of academic establishment are described below. As a rule
of thumb, the year of establishment was rounded to the nearest 5 or 10 following the discovery
unless a more exact estimate could be given.

6.1.1 Mendelism (1910)

Although Mendel performed his seminal work on peas in the 1860s, his work was rediscovered in
1900 by Hugo de Vries, Carl Correns and Erich von Tschermak. Therefore, it is plausible to assign
the year of academic establishment in the beginning of the 20th century rather than trace it back
to Mendel. After a decade of more substantiating experiments, genetics had been established as a
separate subdiscipline around 1910.

6.1.2 Symbiosis (1880)

The term symbiosis was first coined by the German mycologist Heinrich Anton de Bary in 1878,
although other authors had described the concept earlier. Nonetheless, the year 1880 marks a
good hallmark for when evolutionary theory including coevolution had taken foothold after the
publication of On the Origin of Species in 1859, and therefore we consider 1880 to be a good year of
establishment.
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6.1.3 Water transport in plants (1900)

Dixon and Joly presented the cohesion-tension theory in 1894, and it was soon established as the
main mechanism of water transport in plants.

6.1.4 Physiology of hearing (1930)

The examinees were asked to explain the structure and function of the human ear in the autumn of
1932, which we consider to refer to the ongoing research on the inner ear. Georg von Békésy per-
formed his experiments on the cochlear traveling wave in 1928, introducing a simple mechanism
by which sound frequencies are encoded as a neural signal.

6.1.5 Eusociality in bees (1925)

Karl von Frisch observed the waggle dance and communication of bees in 1923, and after further
experiments he summarized his results in his book 1927 Aus dem Leben der Bienen (translated into
English as The Dancing Bees). His discovieries drew much attention immediately in the following
years, and therefore we assign the year of establishment already to 1925 rather than 1930.

6.1.6 Yeast and fermentation (1880)

The French microbiologists Louis Pasteur and Pierre Eugene Marcellin Berthelot had recognized
yeasts as microbes performing fermentation by 1880.

6.1.7 Plankton and ecology (1910)

In the spring of 1933, the studens were asked on plankton and its ecological importance. Al-
though various species of both phyto- and zooplankton had been discovered since the invention
of microscopes, it was widely realized at the end of the 19th century that the amount of sampled
phytoplankton was heavily limited by the meshsize of contemporary instruments. In 1911, Hans
Lohmann used centrifugation to collect these small plankton species from the water column and
measured their biomass and metabolic rate, demonstrating their ecological importance. However,
the interest in plankton declined during the next decade before being reinvigorated in the 1950s.
Therefore we find that 1910 is good hallmark for the first wave of excitement in plankton research.

6.1.8 The cell nucleus and genetics (1920)

Thomas Hunt Morgan and his colleagues performed their foundational crossing experiments on
fruit flies starting from 1903. In 1915, Morgan published The Mechanism of Mendelian Heredity, were
he outlined the chromosomal theory of inheritance. Hence meiosis and the role of chromosomes
in heredity was firmly established by 1920.

6.1.9 Genotype and phenotype (1910)

The concepts of genotype and phenotype were established together with other leading principles
of Mendelism around 1910.
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6.1.10 Enzymes (1930)

Although enzymes had been termed as abstract chemical agents already at the beginning of the
20th century, their chemical composition was still unclear before the 1920s. James Sumner showed
that the enzyme urease was a pure protein in 1926, which inspired further experiments at the end
of the decade. Therefore 1930 seems to be a good hallmark for the the discovery of enzymes.

6.1.11 Hormones (1930)

Ernest Starling was the first to coin the term hormone to denote the blood-borne internal mes-
sengers he had discovered in 1905. After a decade of more discoveries, the chemical structure
and function of hormones was determined in the 1920s when Edward Kendall, Frederick Banting,
Charles Best, Adolf Butenandt, Tadeus Reichstein and Edward Doisy studied cortisone, thyroxine,
insulin, oestrogen, testosterone and progesterone. Thus hormones had been firmly established in
academia by 1930.

6.1.12 Vitamins (1930)

Christiaan Eijkman began to study the causes of malnutrition at the beginning of the 20th century
and observed that the consumption of highly milled rice was the cause of beriberi in humans. In
1912, Casimir Funk extracted this “antineuritic factor” from rice polishings and introduced the
concept of vitamins, while Frederick Hopkins had independently isolated tryptophan already in
1901. Nonetheless, it took about two deacades before the scientific community fully acknowl-
edged the existence and relevance of vitamins in animal physiology. Ultimately, Eijkman and
Hopkins received the Nobel Prize in Physiology or Medicine in 1929, which we find as a good
hallmark for the academic establishment of vitamins.

6.1.13 Sex determination (1920)

Although the chromosomes had been postulated to be the mechanism of sex determination al-
ready at the end of the 19th century, it was not until 1905 when Edmund Wilson and Nettie Stevens
presented firm experimental evidence in support of this hypothesis. Wilson found two size vari-
ants of the same chromosome in insect sperm cells, while Stevens found sex-specific differences in
the size of one chromosome in the mealworm beetle. They both concluded that sex chromosomes
was the underlying mechanism of sex determination, although the theory of chromosomal inher-
itance was still widely disputed at the time of their discoveries. Therefore we assign the year of
academic establishment to the time when the chromosomal theory had been accepted thanks to
the thorough experiments by Thomas Hunt Morgan.

6.1.14 Mutation (1930)

After finding his first mutant in 1919, Hermann Muller started to use X-rays and radium for inves-
tigating the relationship between mutagenesis and radiation. He made his major breakthroughs
in 1926, and already in 1928 his results had been repliacted in other organisms and the concept of
genetic mutations had been firmly established. Therefore we assign the year of establishment to
1930.
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6.1.15 Modern synthesis and selection (1940)

Assigning the establishment of such a broad topic as the Modern synthesis to one given year is
inevitably rather subjective, as the trio Fisher, Haldane and Wright steadily introduced founda-
tional conepts throughout the 1920s and 1930s. However, we interpret Theodosius Dobzhansky’s
classical synthesis Genetics and the Origin of Species published in 1937 as the work that ultimately
established evolutionary genetics within the scientific community.

6.1.16 Phototropism (1930)

Although Charles and Francis Darwin had performed the first experiments on phototropism in
the 19th century, the underlying mechanism remained elusive. In 1928, both Fritz Went and Niko-
lai Cholodny proposed independently that auxin could mediate tropic responsiveness, and this
meachanism was recognized by plant physiologists without further ado.

6.1.17 Origin of life (1950)

In the spring of 1953, the examinees were asked how living organisms differ from the non-living
world, which we regard as refering to the contemporary studies on the origin and limitations
of life. Although scholars had been contemplating this fundamental questions since the dawn
of science, it was Alexander Oparin and J. B. S. Haldane who first envisioned how life could
have originated through chemical evolution in the 1920s and 1930s. Oparin’s summarized his
ideas in his book The Origin of Life on Earth published in 1936, being the hallmark of the Oparin-
Haldane hypothesis that was recognized by the academic community in the following decade.
Interestingly, Stanely Miller and Harold Urey performed their famous experiments simulating the
primordial soup in the same year as the exam, so we interpret that the question refered mainly to
established theory rather than ongoing experimentation. Nonetheless, we find 1950 to be a good
average amidst both theoretical and experimental progress.

6.1.18 Neuron physiology (1952)

In the autumn of 1955, the exam included a question on the structure and function of the nervous
system, which we see as a tribute to the ongoing progress of neurophysiology in the 1940s and
1950s. In 1949, Alan Hodgkin and Bernard Katz demonstrated that the action potential depended
on sodium permeability, and in 1952 Hodgkin and Anrew Huxley constructed the Hodgkin-
Huxley model to explain the empirical results. As the exam included a question on the topic
already in 1955, we regard 1952 as the exact year of establishment of the Hodgkin-Huxley model.

6.1.19 Mechanisms of speciation (1950)

Although the Modern synthesis and population genetics were widely acknowledged already
around 1940, it was Ernst Mayr who first outlined allopatric isolation as the principle of speci-
ation in his classical book Systematics and the Origin of Species published in 1942. After some years
of academic debate, we find that 1950 is a good approximation of the establishment of the specia-
tion concept.
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6.1.20 Ecosystem (1950)

The foundations of ecological though were laid in the first decade of the 20th century, starting
by insepcting the principles of ecological communities. However, Arthur Tansley was among the
tirst to emphasize the interactions between biotic and abiotic nature by introducing the ecosystem
concept in his article The use and abuse of vegetational terms and concepts in 1935. The 1940s saw
further progress in all fields of ecology, but a definitive hallmark in the history of ecology was
Eugene and Howard Odum’s synthesis Fundamentals of Ecology published in 1953. Therefore we
see 1950 as a good approximation for the academic establishment of the ecosystem concept.

6.1.21 Gene maps (1940)

Thomas Hunt Morgan theorized the existence of crossing-over already in 1909, and his student
Alfred Sturtevant created the first genetic map based on their discovereries in 1913. However,
it endured until 1931 before Harriet Creighton and Barbara McClintock along with Curt Stern
provided definitive empirical evidence for the existence of chiasmata in maize and fruit flies. In
the following years the concept was substantiated further, and therefore we assign the year of
establishment to 1940.

6.1.22 DNA (1955)

In the autumn of 1961, the structure of chromosomes was asked for the first time, supposingly
refering to the discovery of the structure and function of DNA in the previous decade. James
Watson and Francis Crick published the structure in 1953, and Crick outlined the central dogma
of molecular biology four years later in 1957.

6.1.23 Transplantation and tissue culture (1955)

The first experiments on organ transplantations in animals were conducted already in the first
years of the 20th century by Alexis Carrel and Charles Guthrie, but the field witnessed a decline
in interest as rejection reactions of homografts seemed to be consistent. In the 1940s and 1950s, ex-
perimental kidney transplantations were again tested in both animal models and human patients,
but the attempts were still mostly unsuccessful. In 1951, Peter Medawar and Rupert Billingham
realized that the rejection was caused by the immune system and T cells, and in 1953 they man-
aged to circumvent the rejection barrier and succeded in transplanting homografts in mice. A year
later in 1954, the first successful kidney transplantation was performed in humans by using an or-
gan from an identical twin, and by 1955 the theoretical and experimental principles of successful
transplantation had been established.

6.2 Data

[42]: yearl <- c(1910, 1880, 1900, 1930, 1925, 1880, 1910, 1920, 1910, 1930, 1930,
1930, 1920, 1930, 1940, 1930, 1950, 1952, 1950, 1950, 1940, 1955, 1955)
year2 <- c(1928, 1930, 1931, 1932, 1932, 1933, 1933, 1936, 1936, 1937, 1937,
1937, 1937, 1938, 1945, 1951, 1953, 1955, 1957, 1959, 1959, 1961, 1966)
diff <- year2-yearl
df <- data.frame(year2, year2-yearl)
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6.3 Linear regression

[43]: summary(lm(diff ~ yearl))

Call:
Im(formula = diff ~ yearl)

Residuals:
Min 1Q Median 3Q Max
-11.9607 -6.4607 0.1196 6.0047 11.3384

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 1083.21539 135.80499 7.976 8.64e-08 *x*x
yearl -0.55402 0.07046 -7.863 1.09e-07 **x*

Signif. codes: O '**x' 0.001 'x' 0.01 'x' 0.05 '.' 0.1 ' ' 1

Residual standard error: 7.146 on 21 degrees of freedom
Multiple R-squared: 0.7464,Adjusted R-squared: 0.7344
F-statistic: 61.82 on 1 and 21 DF, p-value: 1.086e-07

[44]: data.frame(mean(diff), median(diff))

mean.diff. ‘ median.diff.

15.47826 | 9
[46]: confint(lm(diff ~ yearl))
| 2.5% 97.5 %

(Intercept) | 800.7934450 1365.6373291
yearl | -0.7005497  -0.4074862

6.4 Poisson test

[47]: poisson.test(sum(diff), length(diff))

Exact Poisson test

data: sum(diff) time base: length(diff)
number of events = 356, time base = 23, p-value < 2.2e-16
alternative hypothesis: true event rate is not equal to 1
95 percent confidence interval:

13.91198 17.17262
sample estimates:
event rate

15.47826
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[45]:

[49]:
[46]:

[51]:

[47]:

6.5 Visualization

colnames(df) <- c("year", "diff")

gl <- ggplot(df, aes(x=year, y=diff)) +
geom_point (shape=19) + # Use hollow circles
geom_smooth (method=1m, col="darkgreen") + theme_classic()

gl <- gl + theme(axis.text = element_text(size = 12)) + theme(axis.title =
—element_text(size = 15))+theme(legend.
—text=element_text(size=15))+theme(legend.
~title=element_text(size=15))+labs(x="Year", y="Time since novelty")

ggsave("Discoveries_lm.png", width = 10, height = 10, dpi=2000)

g2 <- ggplot(df, aes(x=diff)) + geom_histogram(aes(y=..density..),
~fill="darkgreen")+theme_classic()+ theme(axis.text = element_text(size =,
—-12)) + theme(axis.title = element_text(size = 15))+theme(legend.
~text=element_text(size=15))+theme(legend.
—title=element_text(size=15))+labs(x="Years since discovery", y="Frequency")+,
~geom_density(alpha=.2, fill="grey")

ggsave("Discoveries_lm.png", width = 10, height = 10, dpi=2000)
“stat_bin()" using “bins = 30°. Pick better value with “binwidth".
library("gridExtra")

options(repr.plot.width = 8, repr.plot.height = 4)
grid.arrange(g2, gl, nrow = 1)

Warning message:

"package 'gridExtra' was built under R version 3.6.2"
Attaching package: 'gridExtra'

The following object is masked from 'package:dplyr':

combine

“stat_bin()” using “bins = 30°. Pick better value with ~binwidth”.
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The plot is included as Figure 8 in the article.

7 Cross-tabulation of trends in knowledge content and educational
form

[48]: cross_table <- table(MEB$NRC1, MEB$Blooml)

[49]: cross_table_prop <- table(MEB$NRC1, MEB$Bloom1l)
cross_table_prop [1,] <- cross_table_prop [1,]/sum(cross_table_prop [1,])
cross_table_prop [2,] <- cross_table_prop [2,]/sum(cross_table_prop [2,])
cross_table_prop [3,] <- cross_table_prop [3,]/sum(cross_table_prop [3,])
cross_table_prop [4,] <- cross_table_prop [4,]/sum(cross_table_prop [4,])
cross_table_prop

1 2 3 4 5 6
C 0.188405797 0.550724638 0.115942029 0.144927536 0.000000000 0.000000000
E 0.148148148 0.370370370 0.018518519 0.351851852 0.111111111 0.000000000
G 0.093750000 0.515625000 0.187500000 0.140625000 0.031250000 0.031250000
M 0.173469388 0.647959184 0.066326531 0.107142857 0.005102041 0.000000000

7.1 Fisher’s test and pairwise comparisons

Pairwise comparisons of the four categories were performed with Fisher’s test.
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[55]:

[56]:

[57]:

[58]:

7.1.1 Ecology vs. Evolution

fisher.test(cross_table[c(1,2), 1:6])

Fisher's Exact Test for Count Data

data: cross_table[c(1, 2), 1:6]
p—value = 0.0003962
alternative hypothesis: two.sided

7.1.2 Ecology vs. Genetics

fisher.test(cross_table[c(1,3), 1:6])

Fisher's Exact Test for Count Data

data: cross_tablel[c(1, 3), 1:6]
p-value = 0.1886
alternative hypothesis: two.sided

7.1.3 Ecology vs. Molecules to organisms

fisher.test(cross_table[c(1,4), 1:6])

Fisher's Exact Test for Count Data

data: cross_tablel[c(1, 4), 1:6]
p-value = 0.4621
alternative hypothesis: two.sided

7.1.4 Evolution vs. Genetics

fisher.test(cross_table[c(2,3), 1:6])
Fisher's Exact Test for Count Data
data: cross_tablel[c(2, 3), 1:6]

p-value = 0.0006776
alternative hypothesis: two.sided
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7.1.5 Evolution vs. Molecules to organisms

[59]: fisher.test(cross_table[c(2,4), 1:6])

Fisher's Exact Test for Count Data

data: cross_table[c(2, 4), 1:6]
p-value = 2.96e-07
alternative hypothesis: two.sided

7.1.6 Genetics vs. Molecules to organisms

[60]: fisher.test(cross_table[c(3,4), 1:6])

Fisher's Exact Test for Count Data

data: cross_table[c(3, 4), 1:6]
p-value = 0.001408
alternative hypothesis: two.sided

7.2 Visualization

[54]: nrcs <- c()
nrcs <- c(rep("C", 6), rep("E", 6), rep("G", 6), rep("M", 6))
b <= c("Know", "Comprehend", "Apply", "Analyze", "Evaluate", "Create")
blooms <- c(b,b,b,b)
props <- c()
for (i in 1:nrow(cross_table_prop)){
for (j in 1:ncol(cross_table_prop)){
props <- c(props, cross_table_propli, jl)

+
}
[55]: data=data.frame(nrcs,blooms,props)
colnames(data) <- c("Category", "Level", "Proportion")
data$Level <- factor(data$Level, levels=c("Know", "Comprehend", "Apply",.
—~"Analyze", "Evaluate", "Create"))

levels(data$level) <- c("1. Know", "2. Comprehend", "3. Apply", "4. Analyze",
"5, Evaluate", "6. Create")

levels(data$Category) <- c("Ecology", "Evolution", "Genetics", "Molecules to \n,
—organisms")

[60]: g <- ggplot() + geom_bar(aes(y=Proportion, x=Category, fill=Level),,
—,colour="black", data=data, stat="identity")+theme_classic()
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g <- g + scale_fill_brewer(palette="PRGn")+theme(axis.text = element_text(size
= 15)) + theme(axis.title = element_text(size = 20))

g <- g + theme(legend.text=element_text(size=20))+theme(legend.
wtitle=element_text(size=20))

options(repr.plot.width = 10, repr.plot.height = 6)

g
1.00
0.75
Level
.5 1. Know
5 2. Comprehend
g 0-90 3. Apply
nE_ 4. Analyze
5. Evaluate
6. Create
0.25
0.00
Ecology Evolution Genetics Molecules to
organisms
Category

The plot is included as Figure 11 in the article.
[]: ggsave("Cross_compare.png", width = 10, height = 6, dpi=2000)

8 Exam questions

8.1 Spring 1921

e 1. Selittakaa sarjakukkaisten (Umbelliferae) tuntomerkit ja luetelkaa tuntemianne kasveja
tastd heimosta!

e 2. Mitd tiedédtte kasvien hengityksesta?
¢ 3. Kalojen verenkiertokulusta.

¢ 4. Kertokaa sammakon kehityksesta!

8.2 Spring 1924

¢ 1. Kasviheimot Labiatae ja Scrophulariaceae (Personatae) toisiinsa verrattuina.
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8.3

8.4

8.5

1.
2.
2.
3.
3.

Jamforelse mellan vaxtfamiljerna Labiatae och Scrophulariaceae (Personatae).
Ihmisen ruuansulatus.

Matsmaltningen hos ménniskan.

Mita tieddtte kalojen vaelluksista?

Vad vet Ni om fiskarnas vandringar?

Autumn 1924

1.
2.
3.

4.

Huru skilja sig frovidxterna och sporvéxterna fran varandra?
Olikheterna mellan viaxter, som férekomma pa torra och fuktiga vaxtplatser.
Redogor, helst enligt egna iakttagelser, for sparvfdglarnas hackplatser och bon.

Vad vet Ni om tundrans véxt- och djurvérld?

Spring 1925

1.
1.
2.
2.
3.
3.

Jakalistd ja niiden merkityksestd luonnon taloudessa.

Om lavarna och deras betydelse i naturens hushallning.

Lintujen lentokyky ja ruumiinrakenne suhteessa toisiinsa.

Faglarnas flygformaga och kroppsbyggnad i forhéllande till varandra.
Mitéa tieddtte loiseldmaéstd (parasitismista) eldinkunnassa?

Vad vet Ni om parasitismen i djurriket?

Autumn 1925

1.
1.

= LW

Kasvien maanalaiset varret ja niiden merkitys kasville.

Vixternas jordstammar (under jorden befintliga stammar) och deras betydelse for vax-
ten.

. Tehkdd selkoa Liliaceae-heimosta ja luetelkaa tuntemianne, tdhdn heimoon kuuluvia

kasveja.

Redogor for familjen Liliaceae och uppréakna for Eder bekanta véxter av denna familj.
Ihmisen silmd, sen rakenne ja toiminta.

Ogat hos ménniskan, dess byggnad och funtkion.

Suomen ilmasto ja sithen vaikuttavat syyt.

Klimatet i Finland och dédrpd inverkande orsaker.
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8.6 Spring 1926
¢ 1. Kasviheimo Ochidaceae.
¢ 2. Kertokaa saniaisten (Filicinae) kehityksesta.
¢ 3. Tarkeimpien hyonteislahkojen suuosien rakenne ja sopeutuminen ravintoon.

e 4. Afrikan eldinkunta padpiirteissaan.

8.7 Autumn 1926

e 1. Mitd tiedatte kasvien siementen rakenteesta ja itdimisestd?

1. Vad vet ni om fronas byggnad och groning hos vaxterna.

2. Kertokaa mérehtijan ruuansulatuksesta.

2. Redogor for idisslarnas matsmaéltning.

e 3. Mitid tiedatte lohikaloista (Salmonidae)?

3. Vad vet ni om laxfiskarna (Salmonidae)?

8.8 Spring 1927
e 1. Heindkasvien heimo (Graminaceae).
¢ 1. Grésens familj (Graminae).

Mita tiedatte bakteereista?

Vad vet ni om bakterierna?

Imettavdisten hampaiden rakenne ja muoto suhteessa ravinnon laatuun.

[ ]
@ o»L D

Téndernas byggnad och form hos ddggdjuren i forhallande till f{édans beskaffenhet.

8.9 Autumn 1927

e 1. Mitd tiedatte kasvin solusta ja sen lisddntymisesta?

¢ 1. Vad vet Ni om véxtcellen och dess forokning?

Veren kokoomus ja ominaisuudet.

Blodets sammansittning och egenskaper.

Kertokaa ristihdméahékin ruumiinrakenteesta ja elamasta.
Beridtta om korsspindelns kroppsbyggnad och liv.

Australian eldinmaailman erikoisuudet.

[ ]
o R A

Egenheterna i Australiens djurvarld.
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8.10

8.12

Spring 1928

1.

1.

L e R

Palmujen heimo ja sen tarkeimmat edustajat.
Palmernas familj och dess viktigaste representanter.
Alkueldimet (Protozoa).

Urdjuren (Protozoa).

Mit4 tieddtte Mendelin perinnollisyyslaista?

Vad vet Ni om den Mendelska arftlighetslagen?
Kivihiilen synty ja esiintyminen maapallolla.

Stenkolets uppkomst och férekomst pd jordklotet.

Autumn 1928

1.
1.

L S R

Kasvisolun rakenne.

Vaxtcellens byggnad.

Ristikukkaisten heimo (Cruciferae).

Familjen Cruciferae.

Linnunjalan mukautuminen eri liikkkumistapoihin.
Féagelfotens anpassning for olika rorelsesétt.

Miti tiedatte Islannin luonnosta?

Vad vet ni om Islands natur?

Spring 1929

1.
1.
2.
2.
4.

4.

Levékasveista (Algae).

Om algerna (Algae).

Ihmisen hermoston rakenne ja toiminta.
Nervsystemets byggnad och funktion hos médnniskan.
Sahara (maantieteellinen kuvaus).

Sahara (geografisk skildring).
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8.13 Autumn 1929

¢ 1. Kasvien siementen levidmisesta.

¢ 1. Frospridningen hos véxterna.

Eldinten suojelus- ja puolustuskeinoista.
Djurens skydds- och forsvarsmedel.

Miti tiedétte neekereisti?

o

Vad vet ni om negrerna?

8.14 Spring 1930

¢ 1. Miénty ja kuusi toisiinsa verrattuina.

1. Tallen och granen jamférda med varandra.

¢ 2. Solun yleisrakenne ja jakautuminen.

¢ 2. Cellens allmdnna byggnad och delning.

¢ 3. Ihmiskunnan padrodut ja niiden asuma-alueet.

¢ 3. De viktigaste manniskoraserna och deras bosittningsomrdden.

8.15 Autumn 1930
¢ 1. Heindkasvien (Graminaceae) tirkeimmat tuntomerkit ja merkitys ihmiskunnalle.

e 2. Miti tiedadtte muurahaisista?

3. Tehkéa selkoa symbioosista (yhdyseldmastd) kasvi- ja eldinkunnassa.

8.16 Spring 1931
¢ 1. Kasvien vedenotto ja veden merkitys kasvin eldméssa.
¢ 1. Vattenupptagningen hos vixterna och vattnets betydelse i vixtens liv.

e 2. Tehkéa selkoa eldinten ja ihmisen surkastuneista elimistd sekd surkastumisilmion mah-
dollisista syista.

e 2. Redogor for de rudimentédra organen hos djuren och méanniskan samt de mojliga orsak-
erna till deras uppkomst.

¢ 3. Mihin perustuu mahdollisuus jalostaa viljelykasveja ja kotieldimid ja mitd menettely-
tapoja kdytetdan jalostustydssa?

e 3. Varpa grundar sig mdjligheten att férddla kulturvixter och husdjur, och vilka metoder
anvander man vid forddlingsarbetet?
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8.17

8.18

Autumn 1931

1.

2.

Hos vilka véxter forekommer fruktbildning, huru uppsté frukten och den s. k. falska
frukten, och vilka &dro deras uppgifter?

Vilka reptiler hora till Finlands fauna, och huru skiljer ni dem fran varandra?

3. Redogor for skyddande likhet med anvindning av exempel ur den inhemska naturen.
Spring 1932

1. Mista kasveista ja mistd niiden osista valmistetaan a) kahvia, b) teetd, c) kaakaota?
Tehkdd selkoa puheenalaisten kasvien ulkoasusta, mainitkaa niiden kotiseudut ja
tarkeimmdt nykyiset viljelysalueet.

1. Ur vilka véxter och vilka delar av dem framstills a) kaffe, b) te, c) kakao? Redogor
for ifrdgavarande véxters utseende, nimn deras hemorter och viktigaste nuvarande
odlingsomraden.

2. Tehkda selkoa vihreiden kasvien aineenvaihdosta perustana eldinmaailman séi-
lymiselle maapallolla.

2. Redogor for damnesomsattningen hos de grona véxterna sasom grund for djurvérldens
fortbestdnd pa jorden.

3. Haukat (paivdpetolinnut) ja pollot (yopetolinnut) toisiinsa verrattuina.

3. Dagrovfaglarna och nattrovfaglarna (ugglorna) jaimforda med varandra.

4. Selittdkaa selkdrankaisen eldimen (tyyppind suikulainen) ja sen tdrkeimpien elimien
alkukehitys hedelmoitetystd munasolusta.

4. Redogor for den forsta utvecklingen av ett ryggradsdjur (med lancettfisken som typ),
och dess viktigaste organ ur den befruktade dggcellen.

Autumn 1932

1.

—_

SANER L e A

Kasvien polyytys ja sen merkitys.

Pollinationen hos véxterna och dess betydelse.

Piikuoriset levat.

Kiselalgerna.

Ihmisen korvan rakenne ja toiminta.

Orats byggnad och funktion hos ménniskan.

Tehkdd selkoa mehildisten yhteiskuntaeldamasta.

Redogor for samhallslivet hos honungsbina.

Miten Australia poikkeaa eldinmaantieteellisesti muista maanosista?

Huru avviker Australien djurgeografiskt fran 6vriga varlddelar?
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8.20

8.21

Spring 1933

1.

@ oMb

Vihredn lehden sisdrakenne ja eri rakenneosien tehtavat.

Det grona bladets inre byggnad och de olika byggnadsdelarnas uppgift.
Tehkéa selkoa hiivasienestd ja niiden merkityksestd ihmiselle.

Redogor for jastsvamparna och deras betydelse f6r ménniskan.

Mitd tarkoitetaan planktonilla ja mitd tieddtte sen ominaisuuksista sekd merkityksesta
elamalle vedessa?

Vad menas med plankton, och vad vet ni om dess egenskaper och betydelse for livet i
vattnet?

Mesotsooisen maailmankauden tarkeimmait erikoispiirteet.
Den mesozoiska erans viktigaste sardrag.

Pohjoismainen havumetsd ja troopillinen aarniometsd (sademetsd) toisiinsa verrat-
tuina.

Den nordiska barrskogen och den tropiska urskogen (regnskogen) jamforda med
varandra.

Autumn 1933

1.

L o »w DN

AL .

Kaktuskasvit ja niiden taistelu kuivuutta vastaan.
Kaktusvéxterna och deras kamp mot torkan.

Suomen vesinisdkkait ja niiden rakenne-erikoisuudet.
Finlabnds vattenddggdjur och sdrdragen i deras byggnad.

Loiseldimdn vaikutuksia loiseldinten rakenteeseen ihmisen loisia esimerkkeind kayt-
taen.

Om parasitismens inverkan pd parasitdjurens byggnad med méanniskans parasiter som
exempel.

Mendelin sddnto ja sen merkitys.
Den mendelska lagen och dess betydelse.
Gronlannin luonto ja sen asutuksen edellytykset.

Gronlands natur och forutsattningar for bosittning.
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8.22

8.23

8.24

Spring 1934

1.

Ll o

Mistd ja miten kasvit saavat typpiravintonsa, ja mihin ne tarvitsevat typpea?
Varifran och huru erhdlla véxterna sin kvdvendring, och vartill behéva de kvave?
Rustokalat ja luukalat toisiinsa verrattuina.

Broskfiskarna och benfiskarna jamforda med varandra.

Mita tieddtte alkulimasta ja sen ominaisuuksista?

Vad vet ni om protoplasmat och dess egenskaper?

Darwinin oppi luonnollisesta valinnasta ja nykyaikaiset kdsitykset valinnan merkityk-
sestd lajien synnylle.

Darwins ldra om det naturliga urvalet och de moderna uppfattningarna om urvalets
betydelse for arternas uppkomst.

Autumn 1934

1.
1.

Ll o

4.

Tehkéaa selkoa jakilien ja sammalten rakenne-eroavaisuuksista.

Redogor for olikheterna i lavarnas och mossornas byggnad.

Miten kasvien siemenet ja itiot levidva?

Huru spridas véxternas fron och sporer?

Mista eri kotieldimemme ovat kotoisin ja mitd tieddtte niiden syntyhistoriasta?
Varifrdn hdarstamma vara olika husdjur och vad vet vi om deras uppkomsthistoria?
Lihaksien rakenne ja toiminta.

Musklernas byggnad och funktion.

Spring 1935

1.

N

L S

Miten puut kasvavat paksuutta ja mihin perustuu mahdollisuus niiden idn
madrddmiseen?

. Huru véxa traden i tjocklek och varpa grundar sig mojligheten att berdkna deras dlder?

Lentdjdt ja liitdjat nisdkkdiden ryhmaéssd, niiden rakenne-erikoisuudet ja liikuntotavat.

Flygare och glidflygare i ddggdjurens grupp, sdrdragen i deras byggnad och deras
rorelsesatt.

Ihmisruumiin tirkeimmat solukot ja niiden paatehtavat.
Mainniskokroppens viktigaste vdvnader och deras huvuduppgifter.
Homologia- ja analogia-késitteet biologiassa (myos esimerkein valaistuina).

Begreppen homologi och analogi i biologin (belysta jamvéal med exempel).
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8.25

8.27

Autumn 1935

1.

L e R

Tehkda selkoa perunakasveista ja sen viljelyshistoriasta.

Beskriv potatisvéaxten och redogor for dess odlingshistoria.
Nisdkkdiden hammastyypit ja ravinnon laatu.

Tandtyperna och arten av fodan hos daggdjuren.

Mitd tiedetddn n. s. hankittujen ominaisuuksien periytymisesta?
vad vet man om de s. k. forvdrvade egenskapernas adrftlighet?
Tehkaa selkoa hyonteisten muodonvaihdoksesta.

Redogor for metamorfosen (forvandlingen) hos insekterna.

Spring 1936

1.
1.

Ll

Kasvien erilaiset karvamuodostukset ja ndiden tehtaviét.
Vixternas olika harbildningar och deras uppgifter.

Tee selkoa ihmisen loismadoista.

Redogor for manniskans parasitmaskar.

Solutuma, sen rakenne ja merkitys.

Cellkdrnan, dess byggnad och betydelse.

Selitd kasitteet perusasu (genotyyppi) ja ilmiasu (fenotyyppi) ja valaise esitystd es-
imerkeilla.

Redogor for begreppen genotyp och fenotyp och belys framstéllningen med exempel.

Autumn 1936

1.
1.

L S R

Mitd syotdvia sienid tunnette ja mitd tieddtte niiden rakenteesta?
Vilka dtbara svampar kdnner ni och vad vet ni om deras byggnad?
Ihmisen ruuansulatuskanavaan kuuluvat rauhaset ja niiden tehtavit.
Kértlarna i manniskans matsmaélnitngskanal och deras uppgifter.
Suvuton lisddntyminen kasvi- ja eldinkunnassa.

Den konlosa fortplantingen inom vixt- och djurriket.

Miten uusia kotieldinrotuja voidaan saada aikaan?

Huru kunna nya husdjursraser fas till stand?
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8.28

8.29

8.30

Spring 1937

1.

Paljassiemeniset ja koppisiemeniset toisiinsa verrattuina.

. Nakenfroiga och gomfroiga véxter jamférda med varandra.
. Perhosten rakenne ja eldméntavat sekd merkitys ihmiselle.
. Fjarilarnas byggnad och levandssitt samt betydelse for manniskan.

1
2
2
3.
3
4

Tehkaa selkoa Linnén ja Darwinin késityksistd lajien synnysta.

. Redogor for Linnés och Darwins uppfattning om arternas uppkomst.

. Mitd tarkoitetaan entsyymeilld, vitamiineilla ja hormooneilla, ja mitad tieddtte niiden

merkityksesta?

Vad menas med enzymer, vitaminer och hormoner, och vad vet Ni om deras betydelse?

Autumn 1937

1.
1.
2.

Ll

Kukan eri osien synty ja rakenne.

De olika blomdelarnas uppkomst och byggnad.

Tehkda selkoa selkdrankaisten sarveismuodostuksesta ja niiden tehtavista.
Redogor for horndmnesbildningarna hos ryggradsdjuren och deras uppgift.
Mitéa tiedétte esihistoriallisesta ihmisesta?

Vad vet Ni om den forhistoriska manniskan?

JOKO: Kalojen vaellukset ja niiden syyt TAI: Sukupuolenmaéérays eldinkunnassa.

ANTINGEN: Fiskarnas vandringar och deras orsaker ELLER: Kénsbestimningen inom
djurriket.

Spring 1938

1.

@ P Db

Miten tapahtuu koppisiemenisten hedelmditys (siitos) ja mitd syntyy sen seurauksena?
Huru sker befruktningen hos gomfréiga och vad uppkommer som dess resultat?

Tee selkoa nokkaeldimistd, erikoisesti niiden alkeellisista rakenneominaisuuksista.
Redogor for ndbbdjuren, sarskilt for de ursprungliga dragen i deras byggnad.

JOKO: Mitéa tieddtte mutaatioista? TAI: Eldinten esiintyminen parvina (laumoina) ja
yhteiskuntina.

ANTINGEN: Vad vet Ni om mutationer? ELLER: Djurens forekomst i flockar och
samhaillen.

. Mitka tekijat vaikuttavat eldin- ja kasvilajien levinneisyysalueiden laajuuteen ja sup-

peuteen?

Varpa beror inskrankheten resp. vidstrackheten av djur- och véxtarternas utbredning-
somraden?
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8.31

8.32

Autumn 1938

1.

1.

Mihin tarkoituksiin kasvit tarvitsevat vettd ja miten vesi nousee puiden latvaan?
For vilka &ndamal behova vixterna vatten och huru stiger vattnet upp i tradtopparna?

Miten yksisoluinen alkueldin suorittaa ne tehtdvit, joita varten monisoluisilla eldimilla
on eri elimet?

Huru forrdttas hos ett encelligt urdjur de funktioner, som hos de flercelliga djuren
Overtagits av olikam organ?

Mihin perustuu késitys eldinmaailmassa tapahtuneesta kehityksestd alhaisista ko-
rkeampiin muotoihin?

. Varpa grundar sig uppfattningen om en inom djurvéarlden forsiggangen utveckling fran

lagre till hogre former?

. JOKO: Missd lampétilanrajoissa on kasvien ja eldinten elama mahdollinen? TAI: Kivi-

hiilikauden elidmaailma.

. ANTINGEN: Inom vilka temperaturgranser dr vaxt- och djurliv mgjligt? ELLER:

Stenkolsperiodens véxt- och djurvarld.

Spring 1939

1.

L A e

Mita tarkoitetaan nimitykselld sekovartiset ja mitd tieddtte sekovarren erilaistumisesta
eri tehtdviin?

Vad menas med bendmningen bélvixter och vad vet ni om balens differentiering for
olika uppgifter?

Petoeldimet ja jyrsijit toisiinsa verrattuina.

Rovdjur och gnagare jaimférda med varandra.

Yhtéldisyydet ja erilaisuudet kasvien ja eldinten hengityksessa.

Likheter och olikheter i andingen hos véxter och djur.

JOKO: Lihastemme rakenne ja toiminta TAI: Eloyhteisoista.

ANTINGEN: Vara musklers byggnad och funktion ELLER: Om levnadssamfund.

Autumn 1939

1.
2.
3.

4.

Vixtroten byggnad och anpassning for olika uppgifter.
Jamforande oversikt av kroppsbeklddnaden och dess uppgifter hos ryggradsdjuren.
Vixtriket som grundval for djurvérldens och ménniskans tillvaro.

Vad fortilja oss de s. k. rudimentdra organen hos djuren?
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8.34

8.35

8.36

Spring 1941

1.
1.
2.

Tehkéaa selkoa kasvien ja eldinten rakenteen ja elintoiminnon yhteisista piirteista.
Redogor for de gemensamma dragen i vixternas och djurens byggnad och livsfunktion.
Sanikkaisten (sanajalkojen) sukupolvenvuorottelu ja siemenkasvien sitd vastaavat
ilmiot.

Ormbunkarnas generationsvéxling och motsvarande foreteelser hos frovéxterna.

Mitd ravintoaineita ihmisruumis vélttimatta tarvitsee ja mihin erilaisiin tarkoituksiin
niitd tarvitaan?

Vilka ndringsamnen dro oumbdrliga for ménniskokroppen och for vilka olika &ndamal
behovas de?

Selittakdd perinnollisyysopin késitteet genotyyppi ja fenotyyppi ja ndiden tyyppien ri-
ippuvaisuus eri tekijoista.

. Redogor for arftlighetsldarans begrepp genotyp och fenotyp samt dessa typers beroende

av olika faktorer.

Autumn 1941

N N N A el o

Selittakaa, miksi ruohokasvit kuihtuvat veden puutteessa.

Forklara, varfor ortvaxterna vissna till f6ljd av vattenbrist.
Eldinruumiin side- ja tukisolukot, niiden synty ja rakenne.
Djurkroppens bind- och stodjevdvnader, deras uppkomst och byggnad.
Miten eldin- ja kasvisolut lisdaantyvit?

Huru foroka sig vaxt- och djurcellerna?

Miten nykyinen tutkimus suhtautuu Darwinin oppiin luonnollisesta valinnasta ja
kasvi- ja eldinkunnan kehityksen suunnan maaradjana?

Huru forhéller sig den nutida forskningen till Darwins lira om det naturliga urvalet
som bestimmande for riktningen av véxt- och djurvarldens utveckling?

1944 N:o 1

1
1
2.
2
3

. Kasvien hiilihaponyhteyttdminen ja hengitys.

. Véxternas kolsyreassimilation och anding.

Veren kokoonpano ja tehtadvit.

. Blodets sammanséttning och uppgifter.

. Miksi samojen vanhempien lapset eivdt aina ole ruumiillisilta tai henkisiltd omi-

naisuuksiltaan samankaltaisia?

Varfor dro barn av samma fordldrar ej alltid lika till sina kroppsliha eller andliga egen-
skaper?
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8.37

1944 N:o 4

1.

o

Mistd ja miten kasvit saavat vélttiméattoman typpiravintonsa?
Varifran och huru erhalla védxterna sin nodvandiga kvavendring?
Suvuton lisddntyminen eldinkunnassa.

Den konlosa forokningen i djurriket.

Mitd tarkoitetaan nimitykselld geeni ja mitd tieddmme geeneista?

Vad menas med bendmningen gen och vad veta vi om generna?

Spring 1944

1.

Ll e A

Miten kasvinjalostaja voi saada aikaan uusia, edullisia viljelyskasvilaatuja?
Huru kan véaxtforddlaren fa till stand nya, formanliga sorter av odlingsvéxter?
Ihmiskorvan rakenne ja sen eri osien tehtavit.

Mainniskoorats byggnad och dess olika delars uppgifter.

Tyonjaon periaate yksisoluisissa ja monisoluisissa elidissa.
Arbetsfordelningens princip hos de encelliga och de flercelliga organismerna.
Miten hedelmoitetystd munasolusta syntyy uusi eldinyksilo eri elimineen?

Huru uppstar ur den befruktade dggcellen en ny djurindivid och dess olika organ?

Autumn 1944

1.

Mitd ominaisuuksia vaaditaan puutarhamaalta ja mitd aineita tdytyy siihen siséltya,
jotta viljelyskasvit viihtyisivit ja antaisivat hyvan sadon?

. Vilka egenskaper fordras av tradgardsjorden och vilka @mnen maste ingd déri, for att

odlinsvaxterna skola trivas och giva god skord?
Ympaériston vaikutus kasvien ulkoasuun.
Huru véaxterna till det yttre padverkas av miljon.

Mikad on Mendelien lakien mukaan tulos, jos risteytetddn kaksi yhteen ominaisuuteen
ndhden toisistaan poikkeavaa puhdasta rotua ja annetaan syntyneiden sekamuotojen
lisdadntya keskendan?

Vad blir enligt de Mendelska lagarna resultatet, om tvd med hdnsyn till en egenskap
frdn varandra avvikande rena raser korsas och de uppkomna bastarderna fa fortplanta
sig sinsemellan?
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8.40

8.42

1945 N:o 1

1.

Ll A e A

Miten solut lisddntyvat.

Huru cellerna foroksa sig.

Valkuaisaineiden tarve ja kdytto ihmisruumiin aineenvaihdunnassa.

Behovet och anvidndingen av dggviteimnen i ménniskokroppens &mnesomsattning.
Mendelin lait ihmiseen sovellettuina.

De Mendelska lagarna tillimpade pa manniskan.

Luonnollinen valinta ja sen merkitys.

Det naturliga urvalet och dess betydelse.

1945 N:o 3

1.

Ll o

Mita tarkoitetaan keinotekoisella lannoituksella, mitd aineita siind kdytetddn ja mika
merkitys silld on kasvinviljelykselle?

Vad menas med konstgoddning, vilka @mnen anvidndas darvid och vilken betydelse har
den for vaxtodlingen?

Solutuma ja sen merkitys solun eldmaén eri vaiheissa.
Cellkdrnan och dess betydelse under olika skeden i cellens liv.
Miten nisdkédsalkio saa ravintoa kehityksensa aikana.

Huru déggdjursembryot far naring under sin utveckling.

Mita tarkoitetaan perinnollisyysopissa elion fenotyypilld ja mitkd tekijat sen
maadraavat?

Vad menas i drflighetslaran med organismens fenotyp och av vilka faktorer bestimmes
den?

1945 N:o 5

1.

L o e A

Miten kasvit talvehtivat.

Huru véxterna dvervintra.

Valkeat ja punaiset verisolut ja nooden merkitys.

De vita och de roda blodkropparna och deras betydelse.

Viéxternas andnings- och jasningsprocesser jamférda med varandra.
Kasvien henitys- ja kdymisreaktiot toisiinsa verrattuina.
Ihmissyddmen rakenne ja toiminta.

Minniskohjértats byggnad och funktion.
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8.43

8.44

8.45

Spring 1945

1.

N T R A R

Kasvien eri solukot ja niiden vélinen tyonjako.

Vixternas olika vdavnader och arbetsfordelningen dem emellan.
Hiilen kiertokulku luonnossa.

Kolets kretslopp i naturen.

Miten liha, leipd ja voi sulavat ihmisruumiissa.

Huru koétt, brod och smor smailtas i manniskokroppen.

Mista riippuu, kehittyykd munasolusta tytto vai poika, ja miten molempien likipitden
yhtasuuri lukumaééra on selitettdvissa?

Pa vad beror det. om ur dggcellen utvecklas en flicka eller en gosse, och huru kan deras
i stort sett lika antal forklaras?

Autumn 1945

1.

e

=

Mitd perinnéllisyystutkimuksessa tarkoitetaan puhtailla linjoilla (sarjoilla) ja mitéd ni-
iden avulla on saatu selville?

Vad menas i artftlighetsforskningen med rena linjer och vad har man genom dem fatt
klarhet om?

Vitamiinit ja niiden merkitys.
Vitaminerna och deras betydelse.
Miten lihas toimii ja mikd merkitys lihastyo6lld on ruumiin lampdtaloudessa?

Huru arbetar muskeln och vilken betydelse har muskelarbetet for kroppens varme-
hushéllning?

Eldinten regeneraatiokyky ja sen merkitys.

Regenerationsformagan hos djuren och dess betydelse.

1946 N:o 1

1.
2.
3.
4.

5.

Veden merkitys kasveille.

Rusto- ja luusolukot, niiden synty ja rakenne.
Alkulima ja sen kemiallinen kokoomus.

Taistelu olemassaolosta luonnossa ja sen merkitys.

Suvuton lisddntyminen eldinkunnassa.
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8.46

8.48

1946 N:o 2

1.

Ll A

Mitkd voimat saavat veden nousemaan puiden latvoihin?

Vilka krafter far vattnet att stiga till tradtopparna?

Miten uusia kasvi- ja eldinsoluja syntyy?

Huru nya véxt- och djurceller uppkomma.

Eldinten ja ihmisten surkastuneet elimet ja niiden merkitys.

De rudimentéra organen hos djuren och ménniskan och deras betydelse.
Nisdkkdan munan kehitys.

Daggdjursaggets utveckling.

Spring 1946

1.

—_

AR L T T R

Siemenkasvien siitos ja sen seurausilmiot.

Befruktningen hos frovaxterna och dess foljdforeteelser.

Katsaus solukaésitteen historialliseen kehitykseen.

Oversikt av cellbegreppets historiska utveckling.

Mitd ravintoaineita ja kuinka paljon ihminen valttamatta tarvitsee?

Vilka ndringsaimnen och vilka madngder av dem dro noddvndiga for ménniskan?
Hormonit ja niiden merkitys.

Hormonerna och deras betydelse.

Kasvimaailma maanpintaa muovailevana tekijana.

Vaxtvarlden som landomdanande faktor.

Autumn 1946

1.

1.

N T A

Osmoosi ja sen merkitys kasvin eldméssa.

Osmosen och dess betydelse i vixtens liv.
Muodonvaihdos eldinten yksilokehityksessa.
Metamorfosen i den indiviudella utvecklingen hos djuren.
Elididen muuntelu.

Variationen hos de levande organismerna.
Viahennysjakautuminen ja sen merkitys.

Reduktionsdelningen och dess betydelse.
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8.49

8.50

Spring 1947

1.

1.

AN B T i

5.

Sokeri kasvin elamaéssa.

Sockret i vaxtens liv.

Kasvien suvuton lisddntyminen.

Den konlosa forokningen hos véxterna.
Eldinten muodonvaihdos ja sen merkitys.
Metamorfosen hos djuren och dess betydelse.
Aidin ja isdn osuus lapsen perusasussa.
Moderns och faderns andel i barnets anlagstyp.
Mutaatiot ja niiden merkitys.

Mutationerna och deras betydelse.

Autumn 1947

1.

1.

Sl

AN

Mita ruohokasvit voivat pysyéa pystyssa.

Huru ortvaxter kunna hélla sig uppratta?

Selluloosa, sen esiintyminen luonnossa ja sen merkitys.

Cellulosan, dess forekomst i naturen och dess betydelse.

Selkdrankaisten alkiokehityksen ensi vaiheet ja niiden riippuvaisuus eri tekijoista.

Fosterutvecklingens forsta stadier och deras beroende av olika faktorer hos vertebra-
terna.

Ihmisen haimarauhanen ja sen tehtdvit.
Bukspottskortelns hos manniskan och dess uppgifter.
Eri eldinten lampotilavaatimukset ja niiden eldméan ldmpdorajat.

Olika organismers temperaturfordringar och varmegranserna for deras liv.

Spring 1948

1.

Miksi veden haihdunta on kasveille valttamé&tontd ja miten ne suojautuvat liialliselta
haihdunnalta?

. Varfor ar avdunstningen av vatten nodvandig for vaxterna och huru skydda de sig mot

alltfor stark avdunstning?
Sikiokalvot ja niiden tehtdvat.

Fosterhinnorna och deras uppgifter.
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8.52

8.54

3.

3.

Sukupuuttoon kuolleita elidmuotoja, joissa yhdistyy eri systemaattisten ryhmien tun-
tomerkkejd, ja niiden merkitys kdsityksellemme eliokunnan kehityksesta.

Utdoda organismer, som hos sig forena olika systematiska gruppers kdnnetecken, och
deras betydelse for var uppfattning om de levande varelsernas utveckling.

Autumn 1948

1.
1.
2.
2.
3.
3.

Yhteyttdminen ja hengitys kasvin eldmaéssa.
Assimilation och andning i véxtens liv.

Ihmisen ihon rakenne ja toiminta.

Hudens byggnad och funktion hos ménniskan.
Solun rakenteen péaapiirteet ja solun jakautuminen.

Huvuddragen av cellens byggnad samt celldelningen.

Spring 1949

1.

LN S N

Kasvin varren sisdrakenteen paapiirteet ja eri rakenneosien tehtavit.
Viéxtstammen inre byggnad i huvuddrag och de olika delarnas funktion.
Eldinten vaelluksista ja niiden syista.

Djurens vandringar och orsakerna till dem.

Kasveille ja eldimille yhteisid ja niitd erottavia piirteita.

Likheter och olikheter mellan vaxterna och djuren.

Mitkd ovat Suomen puulajit ja mitd tiedétte niiden kasvupaikkain luonteesta ja niiden
levinndisyydestd maassamme?

Vilka &ro Finlands trddslag, pd hurudana platser vixa de och vilken dr deras utbredning
i vart land?

Autumn 1949

1.

AR LN O T

Lehtivihredttomien kasvien ravitsemus.

Huru erhélla de klorofyllfria vixterna sin néring?

Ihmisen (ulko)erityselimet ja niiden toiminta.

Utsondringsorganen hos ménniskan och deras funktion.

Nykyisen tieteen suhtautuminen Lamarckin oppiin.

Huru forhéller sig den nutida forskningen till Lamarcks ldra?

Miksi maantieteellisesti eristetyilld alueilla usein on omalaatuinen kasvi- ja eldinlajisto?

Varfor ha geografiskt isolerade omrdden ofta en sdregen viaxt- och djurvarld?
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8.55

8.56

Spring 1950

1.

o

Valo kasvin eldmaéssa.

Ljuset i vdxtens liv.

Veren kokoomus ja tehtavit.

Blodets sammanséttning och uppgifter.
Kromosomit.

Kromosomerna.

Autumn 1950

1.
1.
2.
2.
3.
3.

Bakteerit ja niiden merkitys luonnon taloudessa.
Bakterierna och deras betydelse i naturens hushallning,
Sisderitys.

Den inre sekretionen.

Suvuton lisddntyminen kasvi- ja eldinkunnassa.

Den konlosa forokningen inom véxt- och djurvarlden.

Spring 1951

1.

N

= LW

Mita tarkoitetaan kasviyhdyskunnilla (kasviformaatioilla, kasvillisuusmuodoilla) ja
mihin niiden olemassaolo perustuu?

. Vad menas med vixtsamhdllen (vaxtformationer, vegetationsformer) och varpa beror

deras forekomst?

Talvilinnustomme.

Vér fagelfauna under vintern.

Padperiaate nykyisen kasvi- ja eldinjdrjestelmén laatimisessa.
Huvudprincipen vid uppgorandet av det moderna véxt- och djursystemet.
Mutaatiot ja niiden merkitys.

Mutationerna och deras betydelse.
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8.58

8.60

Autumn 1951

1.

Ll i A

Valon aiheuttamat kasvien liikkeet.

Av ljuset orsakade rorelser hos véxterna.
Ihmisen ruoansulatus.

Matsmailtningen hos méanniskan.

Mita tiedétte ihmisen esihistoriasta?
Vad vet Ni om méanniskans forhistoria?
Lehtivihred luonnon eldimén perustana.

Klorofyllet som grundval for naturens liv.

Spring 1952

1.

—_

AN T R

Siemenkasvien suvullinen lisddntyminen.

Den konliga forokningen hos fanerogamerna.

Mita tiedéatte tavallisimmista perhosistamme?

Vad vet ni om vdra vanligaste fjdrilar?

Miten elitt saavat energiantarpeensa tyydytetyksi?

Hur fa de levande varelserna sitt behov av energi tillfredsstallt?
Mité tutkimus on saanut selville ihmisen perinnollisyydesta?

Vad har forskningen utrett i frdga om arftligheten hos manniskan?
Mita tieddtte Suomen soista?

Vad vet ni om Finlands torvmossor?

Autumn 1952

1.

LN

Typpi kasvien eldmaéssa.

Kvévet i vaxternas liv.

Ravintomme tdrkeimmat aineosat.

De viktigaste bestdndsdelarna i var foda.
Perusasu (genotyyppi) ja ilmiasu (fenotyyppi)
Genotyp och fenotyp.

Mitd todisteita polveutumisopille saadaan elididen maantieeteellisestd levinneisyy-
destd?

Vilka bevis for utvecklingsldran lamnas av de levande varelsernas geografiska utbred-
ning?

46



8.61 Spring 1953
e 1. Kasvien levidminen.
¢ 1. Vixternas spridning.

* 2. Veren kokoomus ja tehtdvit.

.
N

Blodets sammanséttning och uppgifter.

Fossiilit (kivettymat) ja niiden merkitys.
Fossilen och deras betydelse.

Miten eroavat eliot elottomasta luonnosta?

[ ]
Ll

Varigenom skilja sig de levande varelserna fran den livlosa naturen?

8.62 Autumn 1953

e 1. Miten kasvit valmistautuvat kestamaéan talvea?
¢ 1. Huru bereda sig véxterna for 6vervintring?
Elama valtamerten syvyyksissa.

Livet i varldshavens djup.

Solun eldva sisallys.

Cellens levande innehall.

Elion eri osien vélinen vuorovaikutus (korrelaatio)

[ ]
L

Viaxelverkan (korrelation) mellan de olika delarna av organismen.

8.63 Spring 1954

1. Kotiseutuni (tai kotipaikkakuntani) vesikasvillisuudesta.

1. Om vattenvegetationen i min hembygd (eller pd min skolort).
¢ 2. Ominaisuuksia, jotka suojelevat saaliseldimid pedoilta.
Egenskaper, vilka ge vissa djur skydd mot rovdjur.
Neitseellinen (partenogeneettinen) lisidntyminen.

Den partenogenetiska fortplantingen.

Geenien kytkentd ja n.s. tekijdinvaihto.

[ ]
Ll

Genkopplingen och utbytet av arvsfaktorer.
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8.64 Autumn 1954

¢ 1. Miksi vesi on vélttamatonta kasveille?

* 1. Varfor vattnet 4r nodvandigt for véxterna.

. Miten vesieldimet ovat rakenteeltaan sopeutuneet elinympéristoonsa.
Huru vattendjuren till sin byggnad anpassat sig efter sin omgivning.
Sukupuolen médardaytyminen.

Konsbestamningen.

Hormonit.

[ ]
Ll i A

Hormonerna.

8.65 Spring 1955

1. Solun aineenvaihdunta.

1. Cellens dmnesomséttning.
Pahimmat tuhohyonteisemme.
Véra farligaste skadeinsekter.
Homologiset ja analogiset elimet.

De homologa och analoga organen.

[ ]
Ll

Miten selittyy se, ettd samaakaan sukupuolta olevat sisarukset eivit ole tdysin saman-
laisia?

°
b

Huru forklarar man, att icke syskon ens av samma kon &ro fullstandigt lika?
e 5. Arojasavanni sekd niiden eldinmaailma.

e 5. Steppen och savannen samt deras djurvérld.

8.66 Autumn 1955

¢ 1. Kasvisolujen ja eldinsolujen vilisid yhtédldisyyksid ja eroavaisuuksia.

1. Likheter och olikheter mellan viaxtceller och djurceller.
¢ 2. Hermoston rakenne ja toiminta.

Nervsystemets byggnad och funktion.

Kéyminen.

Jasningen.

[ ]
Ll

Matelijoiden valtakausi.

¢ 4. Krildjurens “guldélder”.
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8.67

8.69

Spring 1956

1.

1.

L e R

Kasvien typpitalous.

Vixternas kvdvehushdllning.

Sikion ja emon vélinen aineenvaihdunta.
Amnesomsittningen mellan foster och moder.
Sukupuolisolujen synty.

Konscellernas uppkomst

Kasvi- ja eldinsystematiikka kehitysopin tukena.

Vixt- och djursystematiken som stod for utvecklingslaran.

Autumn 1956

1.
1.

L S R

Valo yleisend elamédnehtona.

Ljuset som allmén livsbetingelse.

Valkoiset ja punaiset verisolut ja niiden tehtavit.

De vita och réda blodkropparna och deras uppgifter.
Mendelin lait ihmiseen sovellettuina.

Mendels lagar tillimpade pa ménniskan.

Miten kivettymat (fossiilit) syntyvat?

Hur uppkomma fossil?

Spring 1957

1.

1.

L T A

Kasvien hiilihapon yhteyttiminen ja hengitys toisiinsa verrattuina.
Vixternas kolsyreassimilation och andning jamforda med varandra.
Alkuliman fysikaalis-kemiallinen rakenne.

Protoplasmats fysikalisk-kemiska struktur.

Onko ihmiskunnan jalostaminen perinndéllisyysopin pohjalla mahdollista?
Ar en foradling av méinskligheten pa basen av arftlighetslaran mojlig?
Uuden lajin synty biologisen kehityksen tuloksena.

Uppkomsten av en ny art som resultat av den biologiska utvecklingen.
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8.70 Autumn 1957
¢ 1. Lampdtila yleisend elamanehtona.
¢ 1. Temperaturen som allmén livsbetingelse.
Mitd aineita ravintomme sisaltaa?
Vilka @mnen innehaller vér foda?
Tavallinen tumanjakautuminen ja reduktiojako toisiinsa verrattuina.
Den vanliga kdrndelningen och reduktionsdelningen jamfoérda med varandra.

Luonnollinen ja keinotekoinen elidjarjestelma.

[ ]
L e R

Organismernas naturliga och konstgjorda (artificiella) system.

8.71 Spring 1958

1. Lehtivihredn merkitys luonnon taloudessa.

1. Klorofyllets betydelse i naturens hushéllning,

e 2. Miten maaselkdrankaisten alkiot ovat suojassa ympariston haitallisilta vaikutuksilta.
. Hur dro landvertebraternas foster skyddade mot omgivningens skadliga inverkan?

. Suvuton lisddntyminen kasvi- ja eldinkunnassa.

2
3
¢ 3. Den konlosa fortplantningen i vixt- och djurriket.
4. Perinnollisyystieteen sana sukulaisavioliitosta.
4

. Vad sédger genetiken om dktenskap mellan sléktingar?

8.72 Autumn 1958

¢ 1. Kasvien suorittamia liikkeita.

* 1. Viéxternas rorelser
Lihaksien rakenne ja toiminta.
Musklernas struktur och funktion.
Typen kiertokulku luonnossa.
Kvévets kretslopp i naturen.

Miten uusia periytyvid ominaisuuksia syntyy?

[ ]
L T A

Hur uppkomma nya arftliga egenskaper?
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8.73

8.74

8.75

Spring 1959

1.

N T

Siemenkasvin eldamékerta (yksilon kehityksen padpiirteet ensimmaisestd alusta kuole-
maan saakka).

Froviaxtens biografi (huvuddragen av individens utveckling fran forsta begynnelse till
doden).

Ihmisruumiin lammonséaétely.

Minniskokroppens temperaturreglering.

"Tuottajat” ja “kuluttajat” luonnon taloudessa.
“Producenter” och “konsumenter” i naturens hushdllning,
Kromosomien geenikartat.

Kromosomernas genkartor.

Autumn 1959

. Viljelykasvien lannoitus.
. Godsling av kultuvaxter.
. Vaihtolampdisyys ja tasalampdisyys eldinkunnassa.

1
1
2
2.
3
3

Vixelvarme och egenviarme i djurriket.

. Homotsygootti ja heterotsygootti.

. Homozygoter och heterozygoter.

Spring 1960

1
1
2.
2
3

91 G e e

. Kasvien vedenotto ja veden merkitys kasveille.

. Viéxternas vattenupptagning och vattnets betydelse for dem.

Ihmisen ruuansulatusnesteet ja niiden tehtavit.

. Méanniskans matsmaltningsvatskor och deras uppgifter.

. Kahden geeniparin suhteen heterotsygoottinen yksilo risteytetddan vastaavan resessi-

ivisen homotsygootin kanssa. Mikd on tulos edellyttden, ettd geeniparit sijaitsevat eri
kromosomeissa?

En individ, som &r heterozygot for tva genpar, korsas med den motsvarande recessiva
homozygoten. Vilket ar resultatet under forutsittning, att genparen ar lokaliserade i
olika kromosomer.

Kivihiilikauden metsa.
Stenkolstidens skog.
Kasvillisuus, eldimet ja ihminen pohjoisessa tundravyohykkeessa.

Vegetationen, djuren och ménniskan i det nordliga tundrabéltet.
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8.76 Autumn 1960

¢ 1. Omavaraiset (autotrofiset) ja toisenvaraiset (heterotrofiset) kasvit esimerkein valaistu-
ina.

¢ 1. Autotrofa och heterotrofa vixter belysta med exempel.

¢ 2. Suvullisen ja suvuttoman lisddntymisen edut ja haitat.

Den konliga och konlosa forokningens fordelar och nackdelar.
Milloin eri selkdrankaismuodot ovat ilmestyneet maapallolle?
Nar ha de olika ryggradsdjurstyperna uppstatt pa jordklotet?

Mendelin vapaan yhtymisen sddnto ja sen soluopillinen selitys.

[ ]
L M

Mendels lag om den fria kombinationen och dess forklaring genom foreteelserna i
cellen.

8.77 Spring 1961
e 1. Kasvien typpildhteet.
e 1. Vixtens kvavekillor
e 2. Eldinyksilon kehityksen hormonaalisesta sadatelysta.
¢ 2. Om den hormonala regulationen i djurindividens utveckling
¢ 3. Sukupuolen méardaytyminen.

¢ 3. Konsbestamningen.

8.78 Autumn 1961

1. Sokeri kasvin eldamassa.

1. Sockret i vixtens liv.

Kromosomin rakenne.

Kromosomens byggnad.

Kaksoset ja niiden merkitys perinnollisyystutkimukselle.
Tvillingarna och deras betydelse for drftlighetsforskningen.

Matelijat eri geologisina kausina.

[ ]
L M i N

Kréldjuren under de olika geologiska perioderna.
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8.79

8.80

Spring 1962

1.

L o » DN

o1 9 e e

Kasvien kivenndisainetalous

Viéxternas mineralamneshushallning.

Eldinten kudosten ja elinten uusiutumiskyvysta.

Om regenerationsférmagan hos djurens vavnader och organ.

Vertaa toisiinsa sukupuolisolujen syntyyn johtavia tuman jakautumisia ja tavallista tu-
man jakautumista.

Jamfor med varandra de kdrndelningar, som leder till konscellernas uppkomst, och den
vanliga kdrndelningen.

Valinta lajin kehitystd sddtelevana tekijana.
Urvalet som reglerande faktor vid arturvecklingen.
Talvisateiden alueet ja niiden kasvillisuus.

Vinterregnsomrddena och dessas vegetation.

Autumn 1962

1.

AT BN T A

Kasvihormoneista

Om vixthormoner

Kasvi- ja eldinsolut toisiinsa verrattuina.

Vixt- och djurcellerna jamforda med varandra.

A-, B-m C- ja D-vitamiinit ja niiden merkitys ravinnossamme
A-, B-, C- och D-vitaminerna och deras betydelse i var foda.
Dominoiva ja resessiivinen ominaisuus.

Den dominerande och den recessiva egenskapen.

Miten selittyy, ettd sekd kasvi- ettd eldinlajisto voivat olla varsin erilaisia sellaisillakin
seuduilla, missd ilmasto ja maaperd ovat samanlaisia?

Hur forklarar man, att bdde floran och faunan kan vara mycket olika i sddana trakter,
dér klimatet och jordménen ar likadana?
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8.81

8.82

8.83

Spring 1963

1. Elamaén riippuvuus lampotilasta

1. Livets beroende av temperaturen.

2. Suikulaisen (tai sammakkoeldimen) kehitys hedelméittyneestdi munasolusta malja-
asteen loppuvaiheeseen.

2. Lansettdjurets (eller groddjurets) utveckling ur det befruktade dgget till slutet av gas-
trulastadiet.

3. Lamarckismin ja darwinismin vertailu. Miten nditd oppeja on arvosteltu?

3. Jamforelse mellan lamarckismen och darwinismen. Huru har dessa laror bedomts?

4. Kasvinjalostuksen menetelmista.

4. Om véaxtforadlingens metoder.

Autumn 1963

1. Solun sisdinen aineenvaihdunta ja siithen vaikuttavat tekijat.

1. Cellens inre &amnesomséttning och de darpa verkande faktorerna.

2. Mekaaniset aistit.

2. De mekaniska sinnena.

3. Kasvien sukupolvenvuorottelu esimerkein valaistuna.

3. Generationsvéaxlingen hos vixterna belyst med exempel.

4. Thmisen perinnéllisyyden tutkimusmenetelmisté ja niiden antamista tuloksista.

4. Om metoderna att utforska arftligheten i frdga om ménniskan och de resultat de lett
till.

Spring 1964

1. Miten eli6t saavat tarvitsemansa energian?

1. Hur far organismerna den energi de behodver?

2. Miksi saman kasvi- ja eldinlajin eri yksilot eivat aina ole samanlaisia?

2. Varfor &r individer av samma viaxt- och djurart icke alltid lika?

3. Thmisen polveutuminen

3. Miénniskans harstamning

4. Mité kudoksia ja elimid syntyy selkdrankaisten eri alkionkerroksista?

4. Vilka vavnader och organ utvecklar sig ur de olika groddbladen hos ryggradsdjuren?

6. Suomen suot

6. Finlands torvmarker
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8.84

8.85

8.86

Autumn 1964

1.
1
2
2
3.
3
4
4

Valom merkitys eliville

. Ljusets betydelse for organismerna.
. Bakteerien merkitys luonnontaloudessa.

. Bakteriernas betydelse i naturens hushallning.

Regeneraatiosta eldinkunnassa.

. Om regenerationen i djurvéarlden.
. Rotuhygienia.
. Rashygien.

Spring 1965

L o A A e

Viljelykasvien lannoitus.

Kulturvaxternas godsling.

Mitéa tiedédtte solujen idstd, koosta ja muodosta?

Vad vet ni om cellernas alder, storlek och form?

Geenien vaihdunta (crossing over) ja geenikartat

Kromosomernas dverkorsning (crossing over) och kromosomkartorna
IImakehan hiilidioksiditasapaino

Atmosfiarens koldioxidbalans

+8. Elollisen luonnon kehitys vuorijonoaikojen ja tasaisuuden aikojen vuorottelussa maa-
pallolla.

+8.

Den organiska naturens utveckling under omvéxlande bergvecknings- och utjgmn-

ingsperioder

Autumn 1965

P RN =

o

Kasvien fosforinldhteet.

Véxternas fosforkallor.

Hermokudos, sen synty, rakenne ja tehtdava

Nervvavnaden, dess uppkomst, byggnad och uppgift

Perimén (genotyypin) muutokset ja niiden merkitys elididen kehitykselle

Anlagstypens (genotypens) fordandringar och deras betydelse for organismernas
utveckling

Tehkda selkoa entsyymeista

Redogor for enzymerna
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8.87 Spring 1966

1. Kasvien talvehtiminen.

e 1. Vixternas dvervintring.

. Veren koostumus ja tehtavit.

. Blodets sammanséttning och uppgifter.

. Polyploidia eli kromosomiston moninkertaistuminen

. Polyploidin eller kromosombestdndets mangdubbling

. Syrets kretslopp i naturen.

2
2
3
3
e 4. Hapen kiertokulku luonnossa.
4
6. Suomen jdrvien ominaispiirteet.
6.

Sardragen hos Finlands insjoar.

+8. Korallisaaret.

+8. Korallparna.

8.88 Autumn 1966
¢ 1. Vanheneminen ja kuolema
e 1. Aldrandet och déden.
Surkastumat
Rudimentena.

Mit4 keinoja tiede voisi tarjota ihmiskunnan perintdaineksen jalostamiseksi.

S R N

Vilka metoder skulle vetenskapen kunna erbjuda for foradlingen av ménniskosldktets
arvsmassa,

i

Miksi nykymatelijat edustavat niin erilaisia eldinmuotoja.
* 4. Varfor nutidens kraldjur representerar sa olika djurtyper?
¢ +8. Kudostyypit

¢ +8. Vdvnadstyperna
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8.89

8.90

8.91

Spring 1967

1.

@ oMb

Suvuton lisddntyminen.

Ko6nlos forokning

Linnun ja nisdkkaan alkio- eli sikidkalvot ja niiden tehtavat.
Fosterholjena hos fageln och déggdjuret och deras uppgifter.

Miten on tutkittavissa, mikd perusasu on yksilolld, joka ilmentaa tiettya vallitsevaa om-
inaisuutta?

Hur kan man undersoka, vilken anlagstyp en individ har, som foreter en viss dominant
egenskap?

Ihmisen hiilihydraattiaineenvaihdunta.

Kolhydratimnesomsittningen hos méanniskan.

Autumn 1967

1.
1.

= W

Kromosomien kdyttdytyminen tavallisen solunjakautumisen eli mitoosin aikana.

Kromosomernas beteende under den vanliga celldelningen eller mitosen.

. Eraassa jalkeldispolvessa oli noin puolessa yksiloistd ilmentyneend tietty vallitseva om-

inaisuus. Esitd kirjainkaavana tdmén ja edellisen polven perusasut.

En efterfoljande generation uppvisar i cirka halva antalet individer en viss dominant
egenskap. Framstill i ett bokstavsschema genotyperna i denna och féregdende genera-
tion.

Kudossiirto ja kudosviljely.
Transplantation och vdvnadsolding.
Ihmisen héiriintynyt sisderitys.

Rubbad inre sekretion hos méanniskan.

+8. Mitéd todisteita voidaan esittdd polveutumisopin puolesta?

+8. Vilka bevis kan man framlagga for utvecklingsldran?

Spring 1968

1.
1.
2.
2.

Eldin- ja kasviyksiléiden kasvu.
Tillvaxt hos djur- och véxtindivider.
Lihaskudoksen alkuperd, rakenne ja toiminta.

Muskelvdvnadens ursprung, struktur och funktion.

57



8.92
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4.

4.

Miten suuri on mahdollisuus, ettd punaviher-vérisokeutta ilmenee perheen lapsissa,
jos isd on punavihersokea ja diti on terve samoin kuin hanen molemmat veljensd, mutta
yksi didin sisarista on punavihersokea?

Hur stor dr mojligheten, att rodgronblindhet framtrader hos barnen i en familj, om
fadern ar rodgronblind och modern normal, likasa hennes bada broder, men en av
moderns systrar dr rodgronblind?

Keijusto (plankton) ja sen merkitys vesieldinten ravintotaloudessa.

Plankton och dess betydelse i vattendjurens niaringsekonomi.

+8. Fotosynteesin kehittymisen merkitys eldinlajien evoluutiolle.

+8. Vilken betydelse har fotosyntesens utveckling for djurarternas evolution?

Autumn 1968

1.

L M i N

Kasvien kasvun sdétely.

Regleringen av véxternas tillvaxt.

Identtiset kaksoset sekd niiden synty ja merkitys perinnollisyystutkimuksessa.
Identiska tvillingar samt deras uppkomst och betydelse for arftlighetsforskningen.
Miten kypsymis- eli reduktiojakautuminen tuottaa uusia geeniyhdistelmia?

Hur reduktionsdelningen framkallar nya genkombinationer?

Orgaanisten aineiden tuottajat ja kuluttajat merien ravintotaloudessa.

Producenter och konsumenter av organiska @&mnen i havens niaringsekonomi.

+8. Miten kasvi- ja eldinlajit ovat sopeutuneet tundrailmastoon ja trooppiseen sademetsail-
mastoon?

+8.

Hur véxt- och djurarterna har acklimatiserat sig i tundraklimat och tropiskt regn-

skogsklimat?

Spring 1969

1.

L T S B

Sukupolvenvuorottelu

Generationsvaxling

Typen kiertokulku luonnossa.

Kvévets kretslopp i naturen

Geenien kytkentd (esimerkeilld valaistuna ja sen soluopillinen tulkinta.
Genkoppling (belyst med ett exempel)c och dess cytologiska tolkning.

Nisdkkadn sikiokalvot ja istukka sekd niiden synty ja tehtavat.
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¢ 4. Fosterhinnorna och moderkakan hos ddggdjuret, deras uppkomst och uppgifter.
¢ +8. Solun sisdrakenne

¢ +8. Cellens inre byggnad.

8.94 Autumn 1969

¢ 1. Kasvinjalostuksen menettelytavat

¢ 2. Mendelin vapaan yhtymisen sdanto ja sen soluopillinen tulkinta.
e 3. Kuuloaisti.

e 4. Thmisen esimuodot.

* +8. Suomen luonnon kehitys jadkauden jalkeen.
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