Hoe ziet de lessenserie eruit? Hoe wordt tijdens de les gejojo-ed?

In het proefschrift wordt dit in de hoofdstukken 4 en 5 helder beschreven. In hoofdstuk  4 zijn ook de evaluaties en aanpassingen beschreven. Zie link.

Snel inzicht in jojo-lessenserie

Om snel zicht te krijgen op de opzet van de lessenserie en de ‘ jojo-momenten’ staan onder de volgende link een aantal schema’s uit het proefschrift op een rij. 

Daarna is voor de eerste les het lesscenario en een werkblad toegevoegd. Hierdoor wordt zichtbaar wat leerlingen precies doen. Dit is exemplarisch voor de hele lessenserie.  

Een snelle blik in de jojo-lessenserie

Onder de onderstaande kopjes staan geselecteerde schema’s uit het proefschrift. 

[ Else Lotte kun je een link maken van het kopje naar het kopje in de tekst?]

· Vier ontwerpcriteria voor de leerstrategie 

· De vakinhoud op een rij – per organisatieniveau

· Overzicht van de jojo-momenten 

· Een eerste uitwerking van de leerstrategie - met lesactiviteiten

· Een overzicht van de lessen met tijdschema

· De definitieve uitwerking van de leerstrategie - met lesactiviteiten

Vier ontwerpcriteria voor de leerstrategie

Na onderzoek heeft M.C.Knippels 4 ontwerpcriteria opgesteld waaraan een Learning strategy voor het onderwerp genetica zou moeten voldoen.

[image: image1.png]1. To adequately sequence the subject matter, genetics education should start on
the concrete organismic level students are familiar with, and gradually descend
to the cellular level.
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The relationship between meiosis and inheritance should be dealt with explicitly.
The two main cell lines, the somatic line and the germ line should be
distinguished in the context of the life cycle.

Students should explore the relationships between the levels of organisation
themselves, guided by the structure of learning activities (and/or teacher)

according to the problem posing approach.




De vakinhoud op een rij – per organisatieniveau

[image: image3.png]Table 5.1 Content structure of the yo-yo LT strategy for genetics. Key concepts are
depicted in italic bold. AR is asexual reproduction; SR i
reproduction.

sexual

Questions Answers
Organismic level Everybody is familiar with hereditary phenomena in
families.

What makes you look like your parents, without

being identical to them? (central question)
Sex life links parents and offspring (sexual
reproduction), but this does not apply to organisms
that produce identical progeny (asexual reproduction).

What distinguishes sexual from asexual reproduction?

In AR there is one parent and in SR there is fusion of
an egg and a sperm cell, originating from mother and
father respectively.

What structures are being passed on in AR and SR?

Cellular level In AR as well as in SR dividing cells, which contain
nuclei with chromosomes, are the vehicle.

What happens to chromosomes during cell division?

In AR the chromosomes are copicd and divided equally
among the daughter cells (mitosis). So the parent cell
divides to form two identical cells. In SR a cell divides
by two divisions into four germ cells, each containing
half the original number of chromosomes (meiosis)

How does mitosis fit in the life cycle of multi-cellular organisms?

AR is analogous to the somatic cell line: from the
zygote mitosis leads to growth and development. Any
mutation in this cell line will not affect the next
generation, contrary to a mutation in the germ cell line.

How do chromosomes determine the different
hereditary traits in an organism?

Chromosomes contain genes (and alleles) which
instruct the cell to produce all kind of proteins. The
latter have different structural and functional roles,
which are expressed in hereditary traits

How do genetic traits on the organismic level relate to
chromosome structure and behaviour on the cellular level?

Fusion of two gametes forms a zygote with a random

recombination of homologue chromosomes (and their
genes) from both parents.

How unique is an individual's genctic make-up?

The forming and fusion of gametes in SR arc random
processes, which add to an enormous genetic diversity,

i.e. unique individuals.

Molecular level

How do genes work? ) -
€ The genes in the chromosomes are made of DNA,




[image: image4.png]which stores and faithfully transmits information. The
information-carrying capacity of DNA comes from the
4 bases; they are 'read’ as if they were letters, making
up words of three bases long. These words provide the
information needed for building proteins, and for
organising the activity of the cell

Meta-reflection

Which levels of biological organisation have been
transected in succession and what is the added value of
thinking backward-and-forward between these levels?

In descending from organism to cells and molecules
and ascending vice versa, biological = structures,
processes and concepts can be interrelated, thus
cnabling us to build up a coherent conceptual
understanding of heredity. This backward-and-forward
thinking is helpful in grasping hereditary phenomena





Overzicht van de jojo-momenten 

Het onderstaande overzicht geeft de structuur van de lessenserie weer met de verdeling van de activiteiten over de organisatieniveaus en de jojo-momenten. 
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Een eerste uitwerking van de leerstrategie

[image: image6.png]Table 4.3

Outline of the first learning and teaching strategy for genetics

Sequence of problems

Sequence of learning activities (LA)

What does inheritance mean
and how do hereditary traits
look like?

How are hereditary traits
passed on?

What are the differences
between the somatic cell line
and the germ cell line in an
individual's life cycle?

How are the cell division
processes, mitosis and meiosis,
related to these two lines?
What are chromosomes?

What are the structures that are
passed on and determine a
genetic trait?

What are genes?
What s the relationship
between genetic traits on the
organismic level and
chromosome behaviour and
structure on the cellular level?
How are these genetic traits
passed on?

How unique is a person’s
genetic basis?

LA 1: Introduction and orientation on the organismic level. Whole

class discussion and brainstorming on students first notions on:

- (non)Hereditary traits (in humans)

- Influence of environment and upbringing on hereditary features

- Reproduction.

- What makes you look like your parents but not being identical to
them?

LA 2: Group work: Transition from the organismic level to the

cellular level by distinguishing the somatic and the germ line in an

individual, by:

- Discussing the influence of a mutation in the hereditary material
of a somatic cell and gamete on the next generation.

- Relating hereditary features of the offspring with the genetic
basis of the parents.

- Relating the cell division processes, mitosis and meiosis, to the
somatic cell line and the germ cell line.

- Activating students’ prior knowledge on these topics in their own
words.

Students realise what they do not understand yet and/or where they get

stuck in their reasoning pattern.

LA 3: Plenary reflection on LA 2.

comparison of the group answers on LA 2. Topics to discuss are:

- Somatic cell line; germ cell line

- The relationship of the two cell lines with mitosis and meiosis

- Sexual reproduction, formation and fusion of gametes,
fertilisation, zygote with a new unique genetic combination

- Gametes contain half the number of chromosomes of the
parent(cell), one of every homologue pair.

The purpose of reproduction is to pass on chromosomes (genetic

basis) from a parent to their offspring.

Whole class discussion and

LA 4: Group work: chromosome practical. Relating hereditary traits
(phenomena) on the organismic level to chromosome behaviour and
structure on the cellular level. Active integration and visualisation by
‘means of coloured paper strips (chromosomes) of :

- somatic line and germ line

- process of meiosis and gamete formation

- formation of a zygote

- chromosome behaviour during these processes

- gene arrangements

- relationship gene location and genetic traits in the offspring

Whole class discussion and reflection on the chromosome
practical. Relating and discussing the applied concepts in  the
practical: gene, chromosomes, homologue chromosomes, cell, cell
division (meiosis and mitosis), gametes, zygote, sexual reproduction,
hereditary traits.

LA 6; Individual task: Calculating variety.

Calculating how many genetic different gametes one individual can
form, and how many genetically different zygotes one parent-couple
can form, to get an idea of the huge variety.

LA 7: Whole class discussion and reflection on LA 6.
Comparison of and reflection on students’ answers to LA 6. Notions
on variety and sexual reproduction are discussed: the forming and




[image: image7.png]What are chromosomes
genes made of?

and

fusion of gametes are random processes, which add to an enormous
genetic diversity, and produce unique individuals.

LA 8 Individual task: Transition from cellular structures
(chromosomes) to the molecular level

Critical reflection on a newspaper article reporting on  the
identification of chromosome 22. Students identify the biological
questions that arise when reading the article and students note how
they picture chromosomes and genes (what they are built of) after they
read the article.

LA 9: Plenary discussion and reflection on LA 8 and providing
additional information.

Students’ questions are discussed, compared and answered. Relating
and discussing the chromosome and gene structure. Additional
information is provided by the teacher.





Een overzicht van de lessen met tijdschema

[image: image8.png]Table 4.4

Actual arrangement of the learning activities and duration per lesson in

the first case study.

Lesson  Learning activity Time in
number minutes
1 LA 1 : Introduction and orientation organismic level 20
LA 2: Group work. Transition from the organismic level to the cellular level by 20
distinguishing the somatic and the germ cell line in an individual.
Students’ logbooks 10
2 LA 3: Plenary reflection on and discussion of LA 2 15
LA 4: Group work. Chromosome practical. Relating hereditary traits on the
organismic level to chromosome behaviour and structure on the cellular level.
Students’ logbooks 5
3 LA 4: Group work. Chromosome practica 30
LA 5: Whole class discussion and reflection on the practical (LA 4) 20
4 LA 6: Individual task. Calculating variety. 10
LA 7: Whole s discussion and reflection on LA 6. 5
LA 8: Individual task. Reflecting on newspaper article. Transition from cellular 15
structures (chromosomes) to the molecular level.
LA 9: Plenary discussion and reflection on LA 8 and providing additional 10
information.
Students’ logbooks 10
5 Written test 50
6 Discussion on written test 30





De definitieve uitwerking van de leerstrategie - met lesactiviteiten

[image: image9.png]Table 4.12

Outline of the final yo-yo LT strategy for genetic.
activity (LA), asexual (AR) and sexual reproduction (SR). Rev
highlighted in grey.

Abbreviations: learning

ions are

Sequence of problems

Sequence of learning activities

What does inheritance mean
and how do hereditary traits
look like?

What are the mechanisms
for passing on hereditary
traif

What are the structures that
are passed on in the AR and
SR mechanism:
By means of which
processes are these
structures formed?

What are the structures in
the cell that account for
passing on hereditary traits?

Where are chromosomes

LA 1: Introduction and orientation on the organismic level.

Globally orientating and motivating students in a class discussion by referring to

their real life experiences of hereditary in humans, discussing their notions on

(nomhereditary features, the influence of upbringing and environment on these

personal features, which leads to students” amazement and questioning of what

is experienced as obviously:

o How is it possible that you (offspring) look like your parents, but that you
are not identical to them? Central question(CQ)

Referring to students’ prior-knowledge: reproduction links parents and offspring

(SR). There are also organisms with (almost) identical offspring (AR).

o What does SR distinguish from AR?

LA 2:Group work, jigsaw method: Investigating SR and AR on the organismic

Tevel by: Schematising and comparing the steps of AR and SR cycle. Comparing

the advantages and disadvantages of AR & SR for the population.

«  Discovering AR offspring identical, SR offspring not identical to parents.

«  Discovering that in AR there is one parent and in SR a union of egg and
sperm cell, originating from mother and father respectively, takes place.

e Experience now (reflection in action) or in LA3 that they encounter a new
question.

LA 3 Individual reflection students on LA 2 followed by a plenary reflection:

Towards the Cellular level.

Class discussion and comparison of the group answers of LA 2: Topics

discussed: differences and similarities in AR and SR; advantages and

disadvantages of the two reproduction mechanisms; schemas of the two
reproduction cycles. For SR the concepts: egg cell, sperm cell, fertilisation,
zygote, and new individual.

o Answer to question posed in LA1 and link this to the CQ: difference is that
in AR there is one parent. In SR a union of egg and sperm cell, originating
from mother and father respectively, takes place.

e Which evokes the need to explore: What are the structures that are being
passed on in SR and AR and how are they passed on?

Need for descending to the Cellular level.

LA 4: Whole class discussion and explanation (information) on the cellular level

of cells and chromosomes:

By means of the schemas and knowledge about AR & SR it is established that

cells, which contain the hereditary information, are being passed on to the next

generation. The cell division process mitosis is discovered in the discussion by
referring to students’ prior-knowledge on growth (i.e. zygote divides, grows, by
mitosis).

Mitosis is linked to AR. In AR dividing cells, which contain chromosomes,
are the vehicle. In AR offspring is (almost) identical to parent, so in mitosis
chromosomes must be copied.

In SR offspring differs from parents, duc to a combination of gametes of both

parents. The preceding cell division processes meiosis can be reasoned starting

from the knowledge of mitosis in AR (offspring identical to parent) and the fixed
number of chromosomes.

LA 5: Individual and group work investigating the cellular structures and cell
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division processes.
Looking at real cells and chromosomes under a microscope and at photographs
of dividing cells with visible chromosomes. Looking at the cell division
processes mitosis and meiosis on video.

LA 6: Individual reflection students on LA 5 followed by a plenary reflection.
Discussing what structures students have seen and recognised under  the
microscope and how these structures behave in the cell division processes

Resulting in the answer to question posed in LA3: Chromosomes are

located in the cell nuclei. In AR the chromosomes are copied and divided

equally among the daughter cells (mitosis). So the parent cell divides to form

two identical cells. In SR two successive cell divisions result in four germ cells,

cach containing half the original number of chromosomes (meiosis).

o This insight makes students wonder: How do these cell division processes
fitin the life cycle of multi-cellular organisms?

LA 7: Group work: Application of previous genetics concepis to a new problem:

relating the organismic level and the cellular level (yo-yo), by distinguishing the

somatic and the germ line in an individual:

e Discussing the influence of a mutation in AR on the next generation.

o Discussing the influence of a mutation in the hereditary material of a cell in
SR (i.e. colon cell and gametes) on the next generation.

Students relate in their own words: hereditary features of the offspring with the

hereditary basis of the parents; mitosis and meiosis with the somatic line and the

germ line respectively; AR with the somatic cell line, and SR with the germ line.

Students realise what they (do not) understand yet and or where they get stuck in

their reasoning pattern (reflection in action).

LA 7A: Homework assignment ‘Cells of Robert’: Application of the somatic and
germ cell line concept to a new situation on the cellular level.

Comparison of the genetic information in different cell types of one person in
different combinations (of somatic cells and germ cells).

LA 8 Individual reflection students on LA 7 followed by a whole class

reflection, discussing and comparing students” group answers,

o Resulting in answering question posed in LA 6: AR is analogous to the
somatic cell line: from the zygote ongoing mitosis leads to growth and
development. Any mutation in this cell line will not affect the next generation,
contrary to a mutation in the germ cell line.

o Formulate new partial question: How exactly do chromosomes determine

the different hereditary traits in an organism?

LA 9: Plenary explanation (information) and discussion on: Chromosomes,
genes and alleles. Discussing students’ first notions on genes (number of genes
in humans).

Chromosomes contain genes (and alleles) which instruct the cell to produce all
kind of proteins. The latter have different structural and functional roles, which
are expressed in hereditary traits. Relationship gene and protein.

LA 10: Group work chromosome practical: application of gene, chromosome,
cell, cell division, reproduction, hereditary trait -concepts, to a new situation
(vo-yo): relating the organismic and cellular level.

Active integration and visualisation by means of coloured paper strips
(chromosomes) of somatic line and germ line; process of meiosis and gamete
formation; formation of a zy gote; chromosome behaviour during these processes;
gene arrangement; relationship gene location and genetic traits in the offspring.

LA 11: Individual reflection students on LA 10 followed by a whole class
discussion and reflection on the chromosome practical.

Comparing and discussing students' findings of the chromosome practical.
Relating and discussing the concepts: genetic traits, genes, chromosomes, and
homologue chromosomes. Inheritance, sexual reproduction, meiosis, gametes,
zygote, mitosis
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*  Resulting in answering the question posed in LA 8, and in a contextualised
and integrated picture of the relationships between the genetics concepts on
the cellular and organismic level.

o TFollowing the genetic make-up of their own family mak
how unigue is a person's genetic basis?

s them wonder

LA 12: Individual task calculating variety.

Calculating how many genetic different gametes one individual can form and
how many genetically different zygotes one parent-couple can form, to get an
idea of the huge variety.

LA 13: Individual reflection students on LA 12 followed by a whole class
discussion and reflection

Comparing students' answers on LA 12. Notions on variety and biological
meaning of SR are discussed: the forming and fusion of gametes in SR are
random processes, which add to an enormous gemetic diversity, i.e. unique
individuals.

o Students are wondering: How do genes work? > Need to descend to the

molecular level.

LA 14; Individual investigation and application task. Transition from cellular
structures (chromosomes) to the molecular level.

Critical reflection on a newspaper article reporting on the identification of
chromosome 22. Students identify the biological questions that arise when
reading the article and students note how they picture chromosomes and genes
and what they are built of.

LA 15 Individual reflection students on LA 14 followed by a plenary reflection
and providing additional information

Students' answers are compared and discussed. Additional explanation is
provided on the chromosome, gene and DNA structure.

Answer to question posed in LA 13: The genes in the chromosomes are made of
DNA, which stores and faithfully transmits information. The information-
carrying capacity of DNA comes from the 4 bases; they are 'read" as if they were
letters, making up words of three bases long. These words give the information
needed for building proteins, and for organising the activity of the cell.

LA 16: Whole class reflection on the successive questions and answers in the

genetic course and reflection on the related levels of biological organisation.

o Explicit answer to the central question by integrating all the previous steps.

o Distinguishing the different levels of biological organisation.

o Relating different activities in the genetics course with the levels of
biological organisation.

LA 17; Individual task. Application of the levels of biological organisation to a

different genetics context.

- Distinguishing different levels of biological organisation in a text on a
hereditary discase.

- Describing the main features and phenomena of the hereditary disease topic
per level of biological organisation.

Students recognise the advantages of distinguishing the levels of biological

organisation and yo-yo between them in grasping the hereditary topic.

LA 18: Plenary reflection on LA 17:
Discussing and comparing students’ answers to LA 17.

In descending from organism to cells and molecules and ascending vice ver
biological structures, processes and concepts can be interrelated enabling us to
build up a coherent conceptual understanding of heredity. This backward-and-
forward thinking is helpful in grasping hereditary phenomena.





Een werkblad bij een van de lesactiviteiten - groepsdiscussie

Het werkblad is gebruikt bij LA 7 uit het voorgaande schema (tabel 4.12) 

Lesscenario bij de groepsdiscussie  

Hieronder volgt het behorende lesscenario waarin de activiteit plaats vindt.

De kopie komt uit het materiaal voor de 2e versie van het lesmateriaal.

