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Sex took away our immortality
Until around two thousand million years ago, planet Earth’s only inhabi-
tants were bacteria. Whenever these organisms perceive a threat, they 
make copies of their genetic material and rapidly divide their cells. This 
means that a multitude of clones are created in record time, guaranteeing 
their survival over time. It would be hard to deny that bacteria are, in ef-
fect, immortal, don’t you think?
Then the first eukaryotic organisms, the real pioneers of sexual repro-
duction, appeared: like in a card game, each cell’s descendant is given a 
‘shuffled’ combination of genes, thus producing unique individuals. This 
brilliant innovation gave rise to the biodiversity we now see on the planet, 
but it brought a hidden curse: mortality.

1 CELLS: STRUCTURE, FUNCTIONS  
AND EVOLUTION
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Summary 
1   Cells and cell theory

2   Cell evolution: 

endosymbiotic theory

3  The cell cycle

 

WORK WITH THE TEXT

Answer the following questions: 

a) After reading the text, how would you define the word 
sex?

b) Which of the images on the right show asexual repro-
duction and which show sexual reproduction? Discuss 
them in class and share your conclusions.

c) Do you agree with the statement that bacteria do not 
have sex? Give reasons for your answer. 

d) What process does the second paragraph refer to?

e) In your own words, explain the idea that sex brought a 
‘hidden curse’ with it.

CHALLENGE

Remember what you already know and respond:
•	 Who was the first person to observe living cells through 

a microscope?

•	 What is the most important difference between a cell 
from your body and a bacterium?

•	 Where are chromosomes found? What are they made of?

•	 What is the name for the division of a cell into two daughter 
cells?

 
 

 KEYWORDS

Download and print the activities that will guide you through the essen-
tial vocabulary of this unit. 

 FIND A CLASSMATE

Download and print the worksheet ‘Find a classmate: Cells: structure, 
functions and evolution’ in order to share experiences about this topic 
with your classmates and discover interesting things about them. w
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8 UNIT 1

 SCIENCE 2.0

Watch the following vid-
eo, which narrates the 
history of cell theory:
https://goo.gl/Y4mY3K
Write a text summarising 
interesting facts about 
each of the scientists 
mentioned.

 REMEMBER

The progress of cellular 
biology has gone hand-
in-hand with improve-
ments in microscopes.
There are two kinds: 
optic microscopes and 
electronic microscopes.

LEARNING TO BE SCIENTISTS 1. Cell theory

Get into groups and complete together these activities:
1. Prepare a slideshow with the most important historic milestones in cell theory and link each signif-

icant step forward to the technology that made it possible.
 Investigate and complete your presentation with the following scientists’ contributions to cell 

theory: Camillo Golgi, Ernst Ruska and Theodor Boveri.
2. Read this report about the different microscopy techniques available and transform it into a table 

that compares them: http://goo.gl/AdSz6N

Figure 1.1. Time line showing 
events relating to cell theory.

Ancient times
In the classical period living 
things were already thought to 
be formed by a basic operating 
unit.

A. Van Leeuwenhoek
Developed a simple microscope 
to observe microorganisms.

J. E. Purkinje
Gave the name ‘protoplasm’ to 
cell fluid or cytoplasm.

R. Hooke
Gave the name ‘cells’ to the spaces he 
observed in slices of cork.

R. Brown
Discovered the cell nucleus by 
studying plant cells.

Before cell theory Proposal of cell theory

1665 1673 1831 1837

1 Cells and cell theory
As long ago as the classical period, living matter was believed to be made up of a 
basic operating unit. However, it was not until the 17th century and the creation of 
new technology, in the form of early microscopes, that it was possible to observe 
cells and some of their components, such as the nucleus and cytoplasm.

In the 19th century, German scientists M. Schleiden, T. Schwann and R. Virchow 
studied animal and plant cells to reach the conclusion that the structural, func-
tional and original unit of living things is the cell. This is known as cell theory.

From then on, scientists have developed new observation tech nologies and 
created increasingly powerful microscopes, allowing them to discover previ-
ously unknown aspects of cells.
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9    UNIT 1

DID YOU KNOW...?

Santiago Ramón y Cajal 
won the Nobel Prize for 
Medicine in 1906, thanks 
to his contributions to 
the study of neurones, 
which served to roll out 
cell theory and extend it 
to all human tissues.

Cell theory is the set of tenets proposed throughout the 19th century by M. 
Schleiden, T. Schwann and, some years later, R. Virchow.

 

1. Take turns with your partner to match the following concepts with the sci-
entist that discovered them: nucleus, cytoplasm, neurones, cell division, 
endosymbiotic theory.

2. Working in pairs,  recall each of the tenets of the cell theory and match 
them with the scientist responsible for their discovery.

3. Find out and explain the name given to the branch of science concerned with 
studying cells. What about the branch of science that deals with tissues?

ACTIVITIES

M. Scheleiden
Concluded that all plant tissues are 
made up of cells.

T. Schwann
Proposed that cells are the 
functional units of living things.

R. Virchow
Proposed the tenet, ‘every cell 
comes from another cell.’

S. Ramón y Cajal
Discovered the cellular and 
individualised nature of neurones.

L. Margulis
Proposed the tenets of  
the origins of eukaryotic cells. 

Proposal of cell theory After cell theory

1839 1855 1888 1981

WORKSHEET

Download this unit’s work-
sheet and do activities 1 
and 2.

1.1. Cell theory

•	 Cells are the structural units of living things, i.e. all living things are made 
up of cells.

•	 Cells are the functional units of living things, i.e. they perform the three 
vital functions: nutrition, interaction and reproduction.

•	 Cells are the unit of origin of living things, i.e. every cell comes from another cell.

•	 Cells are the hereditary unit, i.e. cells pass their characteristics to their 
offspring.
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10 UNIT 1

Cells are the basic unit of all living things, and have the capacity to per-
form the three vital functions: nutrition, interaction and reproduction.

100 nm

1 000 nm = 1 μm

 DID YOU KNOW…?

Non-cellular forms of life 
exist, such as viruses and 
prions. These infectious 
agents are not considered 
living things, because 
they do not perform all 
the vital functions and 
they do not have a cellular 
structure.

CHALLENGE 1. Housing models

Team up to discuss the answer to the following questions:
Look at the people in these two houses.
a) Which house will the student work 

best in?
b) Match each housing model to 

prokaryotic and eukaryotic cells. 
Which housing model has the most 
benefits, and why?

c) Suggest which type of cells is capa-
ble of performing the greatest num-
ber of simultaneous activities.

 REMEMBER

Membrane proteins are 
what makes each cell 
different.
Membrane receptors 
allow cells to respond to 
external stimuli.

Membrane receptors

Proteins

Protein channel
Lipid 
bilayer

Figure 1.2. Cell membrane. Cholesterol

A

B

 WORKSHEET

Download this unit’s work-
sheet and do activities 3, 
4, 5, 6 and 7.

1.2. Cells

All cells contain the following structures: 

•	 Cell membrane. The organelle that separates the cell’s contents from the 
external environment and forms its boundaries. It is formed by a lipid bilayer, 
embedded with cholesterol molecules and different proteins.

•	 Cytoplasm. A fluid (cytosol) that fills the inside of cells and which contains 
cell organelles, which are multi-functional structures. The chemical reac-
tions of cell metabolism take place in the cytoplasm.

•	 Genetic material. Large DNA molecules which contain genetic information 
and which regulate the functioning of the cell.

Depending on the genetic material present, there are two types of cells: 
prokaryotes, where the genetic material is free in the cytoplasm, and eukary-
otes, where it is contained in the cell nucleus.w
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11    UNIT 1

 

4. What are the structures that all cells have in common? Take turns with 
your partner to give  a description of each of them.

5. Draw a diagram of the cell membrane and ask your partner to label its parts. 
Which are proteins and which are lipids? Use colour to highlight them.

6. Draw a detailed sketch of a bacterium and label its parts. You could even 
get creative and make a 3D model!

7. Explain to your partner the function of the following parts: nucleoid, 
plasmids, fimbriae and capsule. 

ACTIVITIES

Prokaryotic cells appeared on the planet at least 3 500 million years ago 
and formed the Monera kingdom. They are single-cell organisms, measur-
ing between 1 and 10 μm and do not have a true nucleus.

REMEMBER

The Monera kingdom in-
cludes not just bacteria, 
but also archaebacteria 
or archaea, which have a 
similar shape but differ-
ent characteristics. 

SCIENCE 2.0

The following video shows 
binary fission in bacteria.
https://goo.gl/Wn9ACu
What are the first bacte-
ria’s descendants like?

Cilia and flagellum. 
Hair-like structures which 
allow the bacteria to 
move.

Ribosomes. Organelles 
responsible for building 
proteins.

Cell wall. External 
covering which 
provides the 
bacteria with 
shape and 
resistance.

Plasma 
membrane

Cytoplasm

Capsule. Thick gel-like 
layer which protects 
the cell.

Fimbriae. Protuberances 
which allow the bacteria 
to adhere to their 
surroundings.

Nucleoid. The 
bacteria’s genetic 
material (DNA ring).

Pili. Hairs which enable 
the exchange of plasmids 
between bacteria.

Plasmids. Small 
additional DNA 
rings.

1.3. Prokaryotic cells
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12 UNIT 1

Eukaryotic cells appeared on the planet about 2,000 million years ago. 
They can be both single-cell and multi-cell organisms and they make up the 
protist, fungi, plant and animal kingdoms. They measure between 10 and 
100 μm and they have a true nucleus.

1. What types of eukaryotic cells do the following images show? Discuss it with your partner. Indicate as 
well whether they are single-cell or multi-cell organisms. 

THINK AND REFLECT

 DID YOU KNOW…?

Not all eukaryotic cells are 
from animals or plants. 
The ones that make up 
fungi have different char-
acteristics: they have cell 
walls made of chitin and 
large vacuoles but no 
chloroplasts.

Nucleolus

Cytoskeleton

Peroxisome

Cytoplasm

Mitochondria

Lysosome

Ribosomes

Endoplasmic 
reticulum

Cilia

Centrioles

Golgi 
apparatus

Cell 
membrane

Flagellum

Nucleus

 WORKSHEET

Download this unit’s work-
sheet and do activities 8, 
9, 10 and 11.

1.4. Eukaryotic cells

A. Animal cells 
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13    UNIT 1

 

8. Draw a detailed diagram of eukaryotic animal and plant cells for your 
partner to label all its components. You could also get creative and build 
a 3D model! 

ACTIVITIES

LEARNING TO BE SCIENTISTS 2.  Microbe hunters

Take some water from a pond, bring it to class and use a microscope to observe the micro-organisms 
it contains.
a) Try to work out if they are animal or plant cells. How can you tell? Explain your answers.
b) Draw diagrams of the microorganisms you have found and describe them.

SCIENCE 2.0

Try these exercises re-
lating to bacterial, plant 
and animal cells: 
http://goo.gl/aVW6Ri

REMEMBER

The single-celled organ-
ism known as euglena 
(Protist kingdom) has 
both animal cell char-
acteristics (a flagellum) 
and plant cell character-
istics (chloroplasts).

Nucleus

Golgi 
apparatus

Mitochondria

Lysosome
Cell 
membrane

Cell wall

Chloroplast

Vacuole

CytoplasmPeroxisome

Ribosomes

Endoplasmic 
reticulum

All eukaryotic cells have the following structures in common: cell membrane, 
nucleus contained by nucleus membrane, cytoplasm and a wide variety of 
organelles. 

B. Plant cells
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14 UNIT 1

2. Together with your partner, match each of the following images with a cell organelle. Give reasons for your choice.  

3. Draw a mitochondrion and a chloroplast, and label the component parts. What do they have in common? 
How are they different? Sum up your ideas in a Venn diagram.

THINK AND REFLECT

Mitochondria have a double mem-
brane. The inside is folded to form 
cristae.

They perform cell respiration, which 
consists of oxidising nutrients to 
obtain energy, carbon dioxide and 
water.

Ribosomes are small particles with 
two sub-units, without membranes to 
divide them.
They move freely within the cyto-
plasm or adhere to the rough exterior 
of endoplasmic reticula.

They are responsible for building 
proteins, using a linear molecule of 
nucleic acids as a mould.

The endoplasmic reticulum is made 
of a set of flattened interlinked 
tubes which adhere to the nuclear 
membrane. 
If there are ribosomes attached to its 
membranes, it is classified as rough; if 
not, it is smooth.

Rough endoplasmic reticula store and 
transport the proteins built by the 
ribosomes.
Smooth endoplasmic reticula partici-
pate in building, storing and trans-
porting lipids.

The Golgi apparatus is made up 
of one or more sets of flat cavities 
(dictyosomes) which emit and receive 
small vesicles.

Its job is to receive substances that 
come from the endoplasmic reticula 
and pack them into vesicles for use in 
the cell or secretion out of the cell.

Lysosomes and perixosomes are 
membrane-covered vesicles which 
contain digestive enzymes.

Their function is to break down large 
or harmful molecules into simpler 
and harmless substances.

C. Common cell organelles
All eukaryotic cells contain the following organelles:
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9. Working in pairs, classify cell organelles into the following groups: 

Double membrane Single membrane No membrane

•	 What do the functions of the organelles in the same group have in 
common? Discuss it with your partner.

10.  Take turns with your partner to indicate the functions that the following 
organelle groups perform: 

•	 Ribosomes, rough endoplasmic reticula and Golgi apparatus.
•	 Mitochondria and chloroplasts
•	 Centrosomes, cytoskeletons, cilia and flagella.

ACTIVITIES

SCIENCE 2.0

Watch this video from 
2:30 minutes:
https://goo.gl/4UL4nc
Identify the different or-
ganelles that are shown 
and the functions they 
perform.

Chloroplasts have a double 
membrane and flattened tubes, 
known as thylakoids, inside.

They perform photosynthesis, which is the 
production of organic matter and oxygen 
from carbon dioxide and water, using solar 
energy.
They are only found in plant cells.

Vacuoles are large membrane-
covered vesicles.

Their function is to store water, mineral salts 
and reserve or waste substances.
They help maintain the cell shape.
They are only found in plant cells.

Cell walls are thick protective 
layers that cover the plasma 
membrane and are made mainly 
of cellulose.

They provide rigidity and a polygonal shape 
to cells.
They are only found in plant cells.

Centrosomes contain a pair of 
centrioles, made out of protein 
fibres.

These are the cytoskeleton’s organisation 
centres and they help distribute genetic ma-
terial during cell division and the formation 
of cilia and flagella.
They are only found in animal cells.

Cytoskeletons are networks 
of protein fibres distributed 
throughout the cytoplasm.

They allow the formation of pseudopods, 
the movement of organelles and vesicles 
inside the cell and cell division, forming the 
spindle apparatus.
They are highly developed in animal cells.

Cilia and flagella are protube-
rances or evaginations of the 
cytoskeleton, covered with plas-
ma membrane. Short, numerous 
ones are cilia, while single long 
ones are flagella.

They allow the cell to move, or move the 
cell’s external surroundings through a wave 
motion.
They are only found in animal cells.

D. Specific cell organelles  
The following organelles are specific to certain eukaryotic cells:

w
w

w
.m

he
du

ca
tio

n.
es



16 UNIT 1

11. Use a graphic organiser of your choice to represent the organelles that 
plant and animal cells have in common, and the specific organelles for 
each of them. 

ACTIVITIES

LEARNING TO BE SCIENTISTS 3.  Eukaryotic cells

Get into groups and complete together the following activities:
Look at the micrographs below.

•	 Name the organelles you can see in the two cells. What type of cell is it in each case? Give reasons 
for your answer. 

•	 Use your maths knowledge: work out the actual size of the plant and animal cells in the micro-
graphs. How many plant and animal cells lined up would fit in a centimetre?

4.  Observing plant and animal cells

•	 Onion tissue preparation: Peel a thin film from inside a slice of onion. Place it on the microscope 
slide, slightly wet, and stain it with methylene blue.

•	 Oral epithelium preparation: Wipe a cotton swab over the inside of your mouth, place the sample 
on the microscope slide and stain it with methylene blue.

1. Draw a diagram of each of the samples you have observed, indicating the organelles you recognise.
2. List the similarities and differences you notice when comparing plant and animal cells with regard 

to colour, shape, size, organelles etc.

1 μm 1 μm

 WORKSHEET

Download this unit’s work-
sheet and do activities 12, 
13, 14 and 15.

1.5. Plant cells vs animal cells
The most significant differences between plant and animal cells involve the 
presence or absence of certain organelles.
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17    UNIT 1

LEARNING TO BE SCIENTISTS 5. Prokaryotic cells

Get into groups to complete the following activities:
List the structures you can identify in the bacteria in the 
micrographs opposite:
a) Use your maths knowledge: work out the actual length 

of the bacteria in the micrographs. How many bacteria 
lined up would fit in a centimetre?

b) Draw a eukaryotic cell, a bacteria and a virus, to the 
same scale.

Write an explanation of your conclusions from this exercise.

6.  Observing bacteria in yoghurt

Team up and complete together these activities:
Yoghurt bacteria preparation. Take a small sample of the 
liquid you find on yoghurt, place it on a slide and stain it 
with methylene blue.
a) Draw a diagram of every cell you see.
b) List the similarities and differences you notice between 

them with regard to shape, size etc.

Genetic material Ribosomes Size

The genetic material of eukaryotic cells is made 
of linear molecules, which adhere to proteins, 
known as histones, inside the cell nucleus.
The genetic material of prokaryotes, the nucleoid, 
is circular and is free in the cytoplasm, without 
adhering to proteins.

The ribosomes of eukaryotes are 
larger than those of prokaryotic 
cells.

Eukaryotic cells are between 10 and 
100 times larger than prokaryotic 
cells.

Organelles with membrane systems Level of complexity Compartmentalisation

Mitochondria and chloroplasts have membrane 
systems, which increases the efficiency of the 
energetic processes taking place within them (cell 
respiration and photosynthesis).

Eukaryotic cells have a variety of 
organelles which prokaryotes do 
not have.

Membrane-bound organelles in 
eukaryotes enable them to perform 
different activities simultaneously.

1 μm

1.6. Eukaryotes vs prokaryotes 
Eukaryotic cells are different from prokaryotic cells in many ways:
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18 UNIT 1

 DID YOU KNOW…?

The use of oxygen in 
cell metabolism brought 
about a major change 
because it enabled cells 
to obtain a huge amount 
of energy, from either 
organic nutrients or from 
sunlight.

LEARNING TO BE SCIENTISTS 7. Primordial Earth’s changes

Team up and answer together the following questions:
1. In the history of planet Earth, which event made it possible for the atmosphere to contain its cur-

rent level of oxygen? How does this proportion remain constant?
•	 What change is currently happening to the concentration of gases in the atmosphere? Identify it 

and find out more about its consequences and ways of counteracting it.

2. Use your chemistry skills! Balance the chemical equations below and match them to the stages 
shown in the illustration above.

•	 CO2 + H2O → C6H12O6 (glucose) + O2     

•	 C6H12O6 (glucose) + O2 → CO2 + H2O 

•	 Which process does each reaction correspond to? What is the relationship between the two processes?

•	 Which process is endothermic and which is exothermic? What is the energy source for each one? 
Give an explanation of your answer.

1. In the beginning, bacteria 
performed anaerobic 
metabolism, which was not 
very efficient in terms of 
energy.

2. Everything changed when 
cyanobacteria ‘developed’ 
photosynthesis, a process 
that produces a lot of 
energy and releases a large 
amount of oxygen into the 
atmosphere. This led to the 
creation of the ozone layer 
and the inhabitation of the 
air environment.

3. The released oxygen gave 
rise to a proliferation of 
bacteria which perform cell 
respiration. This consists 
of completely oxidising 
nutrients and releasing CO2 
as a waste product, and 
is a very energy-efficient 
process. 

Figure 1.3. Primitive forms of life. The evolution of cells.

 WORKSHEET

Download this unit’s work-
sheet and do activities 16 
and 17.

2 Cell evolution: endosymbiotic theory
For a long time, scientists have wondered how complex eukaryotic cells devel-
oped from prokaryotic cells.

As Lynn Margulis theorised, the evidence suggests that eukaryotes appeared 
as a consequence of a stable symbiotic relationship between different types 
of prokaryotic cells.

However, it was not possible for them to appear before living things on Earth 
underwent certain adjustments...
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19    UNIT 1

12. Investigate and summarise in a short report the 
similarities and common structures you find in the 
organisation of prokaryotic cells and in the organ-
isation of mitochondria and chloroplasts.
Does this information support Lynn Margulis’ en-
dosymbiotic theory? Explain your answer and de-
bate your conclusions in the class forum.

13. Why did phagocytosis of mitochondria lead to an 
increase in the size and complexity of eukaryotic 
cells? Discuss it with your partner. 

14. Why do you think only eukaryotic cells have re-
sulted in organisms with more complex levels of 
organisation? Justify your answer. Then, compare 
your reasons with your classmates’.

15. Which cells in our organisms specialise in engulf-
ing pathogenic microorganisms? Watch this vid-
eo and, together with your partner, describe how 
they perform: 
https://goo.gl/AGawuU

ACTIVITIES

REMEMBER

Mitochondria and chlo-
roplasts are organelles 
with efficient membrane 
systems that increase 
energy production.

DID YOU KNOW...?

Giardia is a protozoan 
parasite that does not 
have mitochondria. How 
is this possible?

Figure 1.4. Endosymbiotic theory.

According to endosymbiotic 
theory, a bacterium and an 
archaeon joined in a stable 
union, giving rise to a cell with 
a capacity for phagocytosis.

That anaerobic cell is 
believed to have engulfed an 
oxygen-respiring bacterium. 
Instead of digesting it, the 
cell developed an indefinite 
symbiotic relationship with 
it, which eventually resulted 
in mitochondria. This is the 
origin of animal eukaryotic 
cells, which went on to 
increase in size and complexity 
and to make use of much more 
energy.

Later, according to this theory, 
the oxygen-respiring cell 
developed a symbiosis with 
a photosynthetic bacterium 
in the same way, eventually 
resulting in chloroplasts. 
This is the origin of plant 
eukaryotic cells with the 
capacity to photosynthesise.

The metabolic ‘innovations’ that these new cells incorporated offered a huge amount of energy. As 
a result, in the course of evolution, eukaryotic cells produced more complex multi-cell organisms 
with increasing levels of organisation.

Primitive cell

Oxygen-respiring 
bacteria

Animal eukaryotic cell

Plant eukaryotic cell

Mitochondrion

Photosynthesising 
bacteria

Mitochondrion Chloroplast
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20 UNIT 1

The cell cycle is a cyclical sequence of phases which cause cell growth and 
cell division into two daughter cells.

LEARNING TO BE SCIENTISTS 8. Cell cycle
Get into groups and complete together these activities:
1. Look at the graph opposite. Describe the variation 

in the amount of DNA present in the cell through-
out a cell cycle.

a) Why does it drop by half after mitosis?
b) Analyse the graph and describe what happens to 

the amount of DNA in phase S. Draw a conclusion 
from this and give reasons for it.

 DID YOU KNOW…?

Some highly specialised 
types of cells, such as 
neurones, lose the abili-
ty to divide.
Others, such as muscle 
cells, divide when they 
are stimulated.
And others, such as bone 
marrow cells, divide con-
stantly to produce blood 
cells.

PHASE G2. The synthesis of RNA 
and proteins continues. The cell 
prepares for cell division.

phase g1. The newly-formed 
cell begins to transcribe a lot of 
genes to synthesise proteins 
and other cell components in or-
der to grow and double its origi-
nal size.

phase S. The cell’s DNA repli-
cates, creating chromosomes 
with two sister chromatids. At 
the end of this phase, the cell 
has doubled its DNA and nu-
clear proteins.

interphase. The period between two oc-
currences of mitosis. It is the longest phase 
of the cell cycle, as it takes up almost 90% 
of the cycle. It contains three stages or 
phases: G1, S and G2. As the cell grows, the 
surface-volume ratio declines, thus reduc-
ing the efficiency of the exchange of sub-
stances with the exterior.

Figure 1.5. Phases of the cell cycle.
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 WORKSHEET

Download this unit’s work-
sheet and do activities 18, 
19 and 20.

3 The cell cycle
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SCIENCE 2.0

Follow this link and look 
at point 2:
http://goo.gl/1rTPdD
What is your understand-
ing of phase G2?

REMEMBER

When a cell loses control 
over its own cell cycle, it 
begins to divide uncon-
trollably, giving rise to a 
tumour. This can dam-
age the surrounding cells, 
converting it into cancer.

This video shows how can-
cer forms:
https://goo.gl/TPcSuZ 

4. In groups, investigate how the following factors vary throughout the cell 
cycle and share your answers with the rest of the class:
Amount of DNA / Size of cytoplasm / Synthesis of proteins / State of chro-
matin / The S:V ratio.

5. Name the method by which cells divide, with reference to variation in the 
efficiency of the exchange of substances between cells and the exterior.
What impact does this process have on daughter cells?

THINK AND REFLECT

Phase M. The cell division phase. 
The nuclear membrane disap-
pears, the chromosomes con-
dense. One parent cell creates 
two identical daughter cells. This 
phase includes mitosis (division of 
the nucleus) and cytokinesis (di-
vision of the cytoplasm). The cell 
enters mitosis to restore the S:V 
ratio and optimise the exchange 
of substances with the exterior.

CHALLENGE 2. Phases of the cell cycle

Working in pairs, discuss the answer to the following activities:
Imagine that the sphere in the diagram is a cell.
1 Use your maths knowledge. Given this increase in size, 

which would increase more quickly: surface (S = 4πr2) or 
volume (V = 4/3 πr3)?

2. How would the S:V ratio vary as the cell grows?
3. How would the cell’s efficiency in exchanging substances 

with the exterior vary? Give an explanation of your answer.

6 cm3 cm

A B
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Cell nuclei are membrane-bound organelles which contain DNA, the ge-
netic material of eukaryotic cells.

 SCIENCE 2.0

Watch this video about 
DNA packaging:
https://goo.gl/djluKn
Identify the phases of 
DNA packaging: nucle-
osome, solenoid and 
chromosome.

16. Take turns with your partner to describe the func-
tion of the following cell nucleus component parts: 
nucleolus, nuclear pores and nuclear membrane.

17. Ask different classmates to explain each of the 
steps of how nucleosomes, solenoids and chro-
mosomes are formed. 

18. In which phase of the cell cycle can you find ge-
netic material in the cytoplasm? Give an explana-
tion of your answer.

19. In which phase of the cell cycle does the process 
of DNA condensation happen?

ACTIVITIES

DNA is wrapped around proteins 
known as histones to form the 
nucleosome, shaped like a pearl 
necklace.

Nuclear membrane. 
Double membrane which 
separates the nucleus 
from the cytoplasm.

Nucleolus. Dense 
part of the nucleus 
in which ribosomes 
are formed.

Nuclear pores. Holes in the 
nuclear membrane through which 
substances are exchanged between 
the nucleus and the cytoplasm.

Chromatin. DNA 
molecules and proteins 
which make up the cell’s 
genetic material.

Nucleoplasm. 
Nucleus liquid.

Figure 1.6. Cell nucleus, DNA condensation and chromosome formation. 

Histones

3.1. Cell nucleus: components and 
structure
Cell nuclei are only visible with a microscope if the cell is in the interphase, i.e. 
when it is not in the process of dividing.
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LEARNING TO BE SCIENTISTS 9. Observing strawberry DNA

Get together in groups of four and complete these activites:
1. Blend three strawberries with 100 ml water and a pinch of salt. Strain the resulting juice and pour 

into a glass. Add a spoonful of liquid detergent, stir and leave to rest for 10 minutes. Then, careful-
ly add 100 ml alcohol so that it forms a layer on top of the strawberry juice. The white DNA fibres 
rise into the alcohol.

2. Use your understanding of chemistry to explain why you think the salt, liquid detergent and alco-
hol are necessary in this experiment.

REMEMBER

If the genetic material is 
duplicated, the chromo-
somes form an X shape, 
with two chromatids 
joined by the centromere.
If the genetic material 
is not duplicated, the 
chromosomes are ba-
ton-shaped, with just one 
chromatid.

The solenoid wraps 
around itself to form 
the chromatids in the 
chromosome.

The nucleosome wraps 
around itself and forms 
the solenoid.

Chromosome

Solenoid

Nucleosome

Cell nuclei undergo various changes in the course of the cell cycle:

•	 In the interphase, genetic material can be found in the form of dispersed 
chromatin in the nucleus, coiled, like a ball of wool.

–  In phase S, chromatin replicates. A double helix of DNA results in two 
identical DNA strands.

•	 In cell division, genetic material condenses to form chromosomes which, 
after the disappearance of the nuclear membrane, are released freely into 
the cytoplasm.
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20. Discuss with your partner how to link the following terms:
•	 Haploid	cell	 •	 Somatic	cell
•	 Diploid	cell	 •	 Gametes

ACTIVITIES

Metacéntrico Submetacéntrico Acrocéntrico TelocéntricoMetacentricMetacéntrico Submetacéntrico Acrocéntrico TelocéntricoMetacéntrico Submetacéntrico Acrocéntrico TelocéntricoMetacéntrico Submetacéntrico Acrocéntrico TelocéntricoSubmetacentric  Acrocentric Telocentric

 REMEMBER

Somatic cells (diploids) 
are those that make up 
the body of a multi-cell 
organism.
Germ cells are those 
that give rise to an or-
ganism’s gametes (hap-
loids) and are only found 
in the gonads.

Diploide 2n Haploide n

 DID YOU KNOW…?

After multiple cell divi-
sions, chromosomes tend 
to lose DNA from the 
telomeres.
This loss of genetic infor-
mation from the extremi-
ties of the chromosomes 
is linked to cell ageing 
and the development of 
cancer.

sister chromatids
telomere

short arm

centromere

bands

long arm

paternal maternal

homologous 
chromosomes

Somatic  
cells

Germ  
cells

Diploid 2n Haploid n

A. Chromosomes
Chromatin condenses to form chromosomes prior to the cell division phase. 
The chromosomes are then distributed evenly between the daughter cells.

All chromosomes have the same structure.

•	 Each chromatid of a chromosome comes from the packaging of a long 
strand of DNA.

•	 The two sister chromatids come from identical strands of DNA, joined by 
the centromere.

We distinguish two different types of cell, depending on the number of chro-
mosome pairs:

•	 If an organism’s cells have two of 
each chromosome, they are said to 
be diploid cells. In a diploid organ-
ism, each pair contains two homol-
ogous, or similar, chromosomes.

•	 If an organism’s cells have just one 
of each chromosome, they are 
called haploid cells.

We distinguish four types of chromosome depending on their shape:
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A karyotype is the set of chromosomes that belong to a cell, individual or 
species.

LEARNING TO BE SCIENTISTS 10. Karyotypes

Together with your group, answer the following questions:
1. Name the type and shape of each of the chromosomes pictured.

2. Match each of the chromosomes pictured with one of the pairs of  
homologous chromosomes in the karyotypes above. Give reasons for your answer.

SCIENCE 2.0

Complete this karyotype:
http://goo.gl/qHz59N

 

21. Take turns with your partner to define the following terms: chromatin, hap-
loid, homologous chromosome, submetacentric, diploid and sister chromatid.

ACTIVITIES

Figure 1.7. Karyotype of female and male 
human somatic cells.

b)

c)

a)

d)

e)

WORKSHEET

Download this unit’s work-
sheet and do activities 21, 
22, 23, 24, 25, 26, 27 and 28.

B. Karyotypes 

There are two types of chromosome in a karyotype:

•	 Autosomes, which make up pairs of homologous chromosomes.

•	 Heterochromosomes, which are pairs of differently-shaped chromosomes 
that participate in determining sex. Men have X and Y chromosomes, where-
as women have X and X.

Somatic cells in human beings have 46 chromosomes, of which 22 pairs are 
autosomes and one pair are heterochromosomes or sex chromosomes.

By studying the karyotype, it is possible to detect anomalies in the number 
and shape of the chromosomes.
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In mitosis, a parent cell produces two daughter cells that are identical to 
the parent, with the same genetic information.  

LEARNING TO BE SCIENTISTS 11. Observing mitosis under the microscope

Get into groups to complete this experiment about mitosis: http://goo.gl/i0VNbF

•	 Cut a 3 mm sample from the end of an onion’s roots.

•	 Stain the sample with orcein A and heat it over a flame.

•	 Place the root sample on a slide, add a drop of orcein B 
and leave for a minute.

•	 Place a cover slip on top, squeeze carefully to spread 
the sample and dry the excess liquid with filter paper. 
Now have a look!

•	 The image shows onion root cells in the process of mi-
tosis. Identify the phase the cells are in.

Figure 1.8. Cell division: mitosis.

Interphase

Prophase. The chromatin condenses and forms chromosomes. 
The nucleolus and nuclear membrane disappear, and the spindle 
apparatus begins to form.

Metaphase. The chromosomes 
align in the centre of the cell, on 
the equatorial plane, and adhere 
to the spindle apparatus fibres at 
the centromere.

Anaphase. The sister 
chromatids of each 
chromosome separate and move 
toward the opposite poles of the 
cell, pulled by the spindle fibres.

3.2. Mitosis

Mitosis is divided into four phases: prophase, metaphase, anaphase and 
telophase.

w
w

w
.m

he
du

ca
tio

n.
es



27    UNIT 1

SCIENCE 2.0

Watch mitosis in a eukar-
yotic cell:
https://goo.gl/gU4rQv
What kind of eukaryotic 
cell is it?

 

22. Draw a detailed diagram of each of the phases of mitosis and ask your 
partner to explain what happens in each one.

23. Observe how cytokinesis happens in eukaryotic plant and animal cells. 
Describe the similarities and differences. http://goo.gl/C9pSNk 

ACTIVITIES

Telophase. The nucleolus reappears and a nuclear 
membrane begins to form. The spindle apparatus 
disappears and the chromosomes disperse to form the 
chromatin once more.

Cytokinesis. The 
cell begins to narrow 
until the cytoplasm is 
divided between the 
two daughter cells.

WORKSHEET

Download this unit’s work-
sheet and do activities 29, 
30, 31 and 32.

Mitosis in plant cells has its own characteristics.

•	 The spindle apparatus is not formed by the centrosome, as plant cells do 
not have one.

•	 Cytokinesis does not involve a narrowing of the cytoplasm, but rather the 
creation of a new cell wall between the daughter cells.
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24. This image shows a slide with 
cells from an iris stamen in the 
process of meiosis.
Together with your partner, list  
the cells that appear in the slide 
and identify which phase the cells 
you can see are in. Give an expla-
nation of your answer.

ACTIVITIES

Meiosis is a special type of cell division which germ cells undergo to pro-
duce gametes (egg and sperm cells).

Figure 1.9. Cell division: meiosis.

The chromosomes 
condense. 
Homologous 
chromosomes form 
pairs and exchange 
fragments of DNA, 
in a process called 
crossover, which 
ensures that the 
daughter cells have 
different genes from 
the parent.

Without passing 
through an inter-
phase period, the 
nuclear membrane 
disappears and a 
spindle is formed 
again. The chromo-
somes, each made 
of two chromatids, 
move towards the 
equatorial plane.

The homologous 
chromosomes 
align in pairs to 
form bivalents or 
tetrads along the 
cell’s equatorial 
plane.

Pulled by spindle 
fibres, the homolo-
gous chromosomes 
separate and move 
toward opposite 
poles of the cell.

Two haploid 
daughter cells 
(n) are formed, 
each with half of 
the parent cell’s 
chromosomes.

Interphase Prophase I

Prophase II

Metaphase I Anaphase I

Telophase I and  
cytokinesis

 WORKSHEET

Download this unit’s work-
sheet and do activities 33, 
34, 35 and 36.

3.3. Meiosis

Meiosis consists of two successive divisions, meiosis I and meiosis II, each of 
which consists of the following phases: prophase, metaphase, anaphase and 
telophase.
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25. Draw a detailed diagram of each of the phases of meiosis and describe 
each one to your partner. What is the end result of meiosis?

26. What is the difference between anaphase I in meiosis and the anaphase 
in mitosis? Discuss it with your partner and explain your answer. 

27. Ask your partner to explain the process which makes it possible for the 
four daughter cells that result from meiosis to be different from each other.

28. How many gametes come from each germ cell?

29. Gametes are haploid. Which process restores the species’ number of 
chromosomes? Discuss it with your partner.

ACTIVITIES

SCIENCE 2.0

Watch this video about 
meiosis:
https://goo.gl/UDFBDF
What kind of eukaryotic 
cell does it show?

DID YOU KNOW...?

All men have the same 
Y chromosome as their 
father’s father, because 
it is passed along the pa-
ternal line.

The chromosomes 
align along the 
cell’s equatorial 
plane.

The sister chromatids 
separate and they 
moves toward 
opposite poles of the 
cell.

Four haploid daughter cells (n) are 
formed, different from one another, 
each with half the parent cell’s 
chromosomes.

Metaphase II Anaphase II
Telophase II and cytokinesis

REMEMBER

Meiosis produces sex 
cells or gametes.
Examples of male gam-
etes include sperm and 
grains of pollen from the 
stamen of a flower, while 
female gametes include 
human egg cells and 
ovules inside the pistil of 
a flower.

•	 In the first meiotic division, the amount of genetic material in the two result-
ing cells is halved, which is why meiosis is known as a reductional division.

•	 The second meiotic division, without passing through a phase of duplicat-
ing genetic material, results in four haploid cells that are different from the 
original cell and different from one another. 
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a) b) c)

6. Take turns with your part-
ner to describe each of 
the following images and 
state whether they relate 
to mitosis or meiosis. Ex-
plain as well the biologi-
cal significance of these 
processes in each case.

THINK AND REFLECT

Mitosis Meiosis

Takes place in somatic cells. Takes place in germ cells.

A short process. A long process.

The nucleus divides only once. The nucleus divides twice.

Crossover does not occur. Crossover occurs in homologous 
chromosomes.

Sister chromatids separate in the anaphase.
Homologous chromosomes separate in 
anaphase I and sister chromatids separate in 
anaphase II.

Two daughter cells with the same number 
of chromosomes and which are identical to 
each other are produced.

Four daughter cells with half the parent’s 
number of chromosomes and a different 
genetic combination are produced.

3.4. Mitosis vs meiosis
Mitosis and meiosis are similar processes, but there are some very important 
differences.

Biological significance of mitosis

•	 In single-cell organisms, mitotic division is essential in the asexual repro-
duction mechanism.

•	 In multi-cell organisms, mitotic cell division allows the individual to grow and 
damaged tissues to regenerate.

Biological significance of meiosis

•	 Meiotic division means the amount of genetic material can be reduced by 
half, which is essential in order to maintain a species’ number of chromo-
somes after fertilisation of the gametes.

•	 Crossover between homologous chromosomes takes place during meiotic 
division, resulting in gametes that are different from one another. In this 
way, sexual reproduction creates genetic variation in populations. 
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Cell theory

...

Levels of 
organisation

Prokaryotic 
cells

Eukaryotic 
cells

Endosymbiotic 
theory

...

Plasma 
membrane

Chloroplasts

Animal cell

Ribosomes

Mitochondria

DNA ring

Cell cycle

Chromatin

...

...

Chromosomes

...

...

Mitosis ...

Biological 
significance

Cytokinesis

Cell division

...
Membrane-bound 

organelles

MIND MAP

Download and print the worksheet you will find in the OLC to complete the concept map of the unit.

Supplementary

Essential

Necessary

...

          IN-DEPTH VOCABULARY

Use the worksheet from the OLC to work with the es-
sential vocabulary terms from the concept map or other 
terms your teacher gives you.

 SELF-ASSESSMENT

Download the self-assessment 
sheet from the OLC to assess 
your ‘can-do abilities’.w
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Cells and cell theory

1. Take turns with your partner to describe the 
following scientists’ contributions to cell theory: 
Anton Van Leeuwenhoek, Rudolf Virchow, San-
tiago Ramón y Cajal and Lynn Margulis. 

2. Working in pairs, search the web for a recent 
discovery related to cell theory. 

3. Write a report about viruses, explaining their 
component parts, the vital functions they per-
form and what their infection mechanism is.

4. Take turns with your partner to list five simila-
rities and five differences between eukaryotic 
plant and animal cells. 

5. Together with your partner, search online to find 
out what the relationship is between bacterial 
plasmids and their resistance to antibiotics.

6. Explain the relationship between the structure 
and the function of the cell organelles in the 
images. Then compare your answers with your 
classmates’.

7. Identify which structures in bacteria and which 
structures in mitochondria and chloroplasts 
support Lynn Margulis’ endosymbiotic theory.

8. Explain the following phrases from scientists in 
your own words:

•	 ‘Nothing is more conservative than a bacte-
rium, and yet they have changed our world’ 
(Nick Lane).

•	 ‘Life is a symbiotic and co-operative union 
that lets those who network triumph’ (Lynn 
Margulis).

Endosymbiotic theory 

9. Together with your partner, explain the relation-
ship between the image below and endosymbio-
tic theory. What were the most significant conse-
quences of this process?

The cell cycle

10. Explain to your partner in which phase of the 
cell cycle you can observe chromosomes, and 
in which the synthesis of proteins and DNA is 
most active. 

11. Copy this table in your exercise book and com-
plete it with descriptions of each phase of the 
cell cycle:

12. The graph shows the amount of DNA a 2n 
cell has throughout cell division. What type 
of division does it show? What type of cell is 
it? Explain what happens, step by step, in your 
exercise book. Then check your answers with 
your partner.

Interphase

Phase G1
...

Phase S ...

Phase G2
...

Phase M Cell division ...

FINAL ACTIVITIES

Membrane 
of small  

cell

Membrane 
of large 

 cell

Double 
membrane

a)

c)

b)

d)
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Cell nucleus

13. Ask your partner to name the indicated struc-
tures. 

14. Discuss with your partner how to classify the 
following cells, according to whether they are 
haploid or diploid: sperm, adipocytes, egg 
cells and neurones.  

15. Working in pairs, find and analyse the karyo-
types of other plant, animal and prokaryotic 
species. Share your discoveries with the rest 
of the class. 

Mitosis and meiosis

16. How does sexual reproduction promote diver-
sity in animals? What advantage does this 
diversity give them? Discuss these questions 
with your partner.

17. Discuss with your partner which stage of cell 
division (mitosis or meiosis) corresponds to 
each of the following images.

18. Together with your partner, identify and 
correct the false statements.

•	 Gametes result from meiosis in somatic 
cells.

•	 Homologous chromosomes separate in the 
anaphase of mitosis.

•	 Both mitosis and meiosis begin with DNA 
replication.

•	 Mitosis produces four cells that are differ-
ent from one another. 

19. Draw a diagram of anaphase I in a cell (2n = 6). 
What is the biological significance of the cros-
sover of homologous chromosomes? Discuss it 
with your partner.

20. Divide the class into seven groups. Each group 
should expand their knowledge of the topics 
in this unit, following the list below, and then 
write a creative post for the class blog.

•	 Cell theory.

•	 Prokaryotic cells.

•	 Eukaryotic cells.

•	 Endosymbiotic theory.

•	 The cell cycle.

•	 The cell nucleus.

•	 Mitosis and meiosis.
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An accident in the universe

As the second law of thermodynamics states, any system in the universe tends, by definition, towards 
a state of maximum disorder: chaos.

However, against all odds, around 3,500 million years ago, the first living things appeared on Earth, 
eventually giving rise to all the biodiversity on the planet. Is there anything more ordered, and more 
beautiful, than the biosphere? How has the universe let a system as complex as the one we are observ-
ing develop? Could it be, in fact, a happy accident?

Absolutely. Living systems, from cells to ecosystems, harness the energy available in their surround-
ings to maintain their own internal order and, as a result, their life. In other words, they put their envi-
ronment ‘out of order’ to put themselves ‘in order.’

1. After reading this text, use your knowledge of chemistry to answer the following questions:

a) Explain the idea that they put their environment ‘out of order’ to put themselves ‘in order,’ in your 
own words.

b) Where does the energy that the whole biosphere runs on come from? Answer using a diagram of 
your choice.

Living things are open systems

2. Identify and name the two open systems shown in 
the illustration. Then think about their similarities 
and differences and represent them using a Venn 
diagram.  Finally, explain your ideas to your partner.

3. Some properties of open systems are listed below:

•	 Boundaries and permeability. Separation between 
the interior and the exterior, between which there is a 
continual exchange of matter, energy and information.

•	 Homeostasis and adaptability. Systems work to maintain constant internal conditions and, to achieve 
this, they respond to external stimuli.

Working in pairs, think of examples of the following aspects for each of the systems depicted above 
and organise them in a table:

a) Boundary between interior and exterior.

b) Entry and exit of matter, energy and information.

c) Homeostasis mechanisms.

d) Response to stimuli.

4. Both systems follow the diagram opposite. Togeth-
er with your partner, compare each one with the di-
agram and explain, with examples, the mechanisms 
they use to complete each phase. 

LEARNING TO LEARN

Growing complexity

Availability of increasing 
energy

Constancy of 
vital functions

Specialisation of 
functions
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Lynn Margulis, who died on 22 November 2011 at the age of 73, was an American biologist who was 
responsible for endosymbiotic theory and, along with James Lovelock, developed the controversial 
Gaia theory. Some of her most famous phrases, which are not without controversy, are listed below. 
What’s your opinion?

1. ‘Darwin’s great vision was not wrong, just incomplete.’

•	 Work out which mechanism she was referring to and explain your answer.

2. ‘Life is a symbiotic and co-operative union that lets those who network triumph.’

•	 Which cell organelles are the result of this symbiosis, according to Lynn Margulis’ endosymbiotic 
theory? 

– Cilia and flagella – Mitochondria and chloroplasts

– Vacuoles and cell walls  – Nuclei and ribosomes

•	 Does this symbiotic relationship have other levels of organisation, which benefit those who network?

3. ‘I don’t really know if life is matter wrapped in energy, or if it is energy surrounded by a soup of 
matter.’

•	 Which vital function, or functions, relates to this statement? Give reasons for your answer.

4. In addition to endosymbiotic theory, which other great modern theory did Lynn Margulis contribute 
to, along with researcher James Lovelock? Give a summary of its fundamental principles. You can 
use the following links:

http://goo.gl/vmJmgX

http://goo.gl/9Z5DTi

Create a presentation that sums up your findings and thoughts and present it to the rest of your class. 

Endosymbiotic theory Gaia theory

LOOK AROUND YOU
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Porque el aprendizaje lo cambia todo

Una nueva forma de leer...
Una nueva forma de aprender 

¿Te imaginas un libro de texto 
adaptado a las necesidades 
individuales de cada estudiante?

SmartBook® es la primera 
y única experiencia de 
lectura y aprendizaje 
adaptativo diseñada 
para cambiar la forma 
en la que los estudiantes 
leen y aprenden, 
rompiendo con el camino 
lineal de los libros de 
texto tradicionales 
y adaptándose a las 
necesidades y al ritmo 
de cada estudiante.

PREMIO
SIMO

EDUCACIÓN

2015

SmartBook®, ganador del

Premio SIMO Educación al

MEJOR RECURSO DIGITAL

DE CREACIÓN EDITORIAL

en la modalidad Tecnologías

y recursos para el aula.
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SmartBook® es una herramienta de aprendizaje adaptativo que combina 
una revolucionaria tecnología desarrollada por McGraw-Hill Education con 
un libro digital interactivo. SmartBook® analiza la forma en la que lee y 
aprende el estudiante y, en función de sus respuestas a preguntas sobre lo 
estudiado y la seguridad sobre sus conocimientos, le va guiando a través de 
los contenidos del libro, de una manera personalizada y adaptada a su propio 
ritmo de aprendizaje, para que cada minuto que pasa el alumno estudiando 
sea lo más efectivo posible.

¿Qué es?

Lee

¿Cómo funciona?

SmartBook®

En la fase de lectura, el 
estudiante es guiado a través 
del texto para que lea de 
una manera adaptada a sus 
necesidades. En SmartBook® el 
estudiante tiene acceso al texto 
completo, pero se le mostrarán 
áreas resaltadas en amarillo 
que indican el contenido en el 
que debería centrar su estudio 
en ese momento concreto. 
Las áreas resaltadas del texto 
van variando en función de sus 
respuestas en la parte práctica, 
subrayando nuevos temas y 
conceptos de más nivel, una vez 
que el estudiante ha demostrado 
el dominio de los conceptos 
esenciales del tema.

SmartBook® consta de varias fases: 
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Lee Practica

Practica

Repasa

En la fase de práctica, los estudiantes 
afianzan lo aprendido hasta el momento 
realizando una serie de actividades de 
diversa tipología.
Antes de responder, se pedirá al estudiante 
que evalúe el grado de seguridad sobre sus conocimientos:

En función de las respuestas a esas preguntas,  el grado de seguridad que establezcan y 
otros datos que va recogiendo el sistema mientras los estudiantes trabajan, SmartBook® 
irá ajustando el camino de aprendizaje de cada estudiante adaptándolo a su ritmo y 
necesidades y determinando cuál será la siguiente pregunta.

Sé la respuesta Eso creo No estoy seguro Ni idea

Para asegurar el dominio de los 
temas y la retención a largo plazo 
de los conceptos aprendidos, en 
esta fase el estudiante repasa en 
forma de actividades el contenido 
importante que el sistema ha 
identificado que es más probable 
que olvide.

De vuelta en la fase Lee, el estudiante se encontrará con nuevas partes del texto 
resaltadas en amarillo, que indican el nuevo contenido a estudiar, y otras resaltadas en 
verde, que son los temas o conceptos que el estudiante ha demostrado que domina al 
responder correctamente a las preguntas en la fase de práctica.

Subrayado amarillo: muestra el contenido que es importante para el estudiante en este 
momento.
Subrayado verde: muestra el contenido que el estudiante ha demostrado que domina 
realizando preguntas en la fase de práctica.

La mejor manera de estudiar con SmartBook® es ir pasando de una fase a otra hasta 
completar la unidad. La propia herramienta ayudará al estudiante a identificar cuándo ha 
llegado el momento de cambiar de fase.
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Informes completos 
sobre el progreso del curso

Todo son ventajas

Estudiante
Los informes del estudiante proporcionan detalles sobre su progreso, sobre los temas que domina y los que necesita 
estudiar más, para que pueda maximizar su tiempo de estudio.

Profesor
Los informes del profesor le permiten conocer en tiempo real las fortalezas y las debilidades de sus alumnos de manera 
individual y a nivel global, y adaptar así sus clases y tutorías.

Para el profesor:
• Mejora la calidad y la productividad de las clases.

•  Facilita la adaptación de las clases al nivel y necesidades
de los alumnos.

•  Ayuda a prevenir el posible fracaso escolar y a remediarlo
antes de que ocurra.

•  Mejora el rendimiento de los alumnos y su nivel de notas.

Para el estudiante:
•  Ofrece el contenido adecuado para cada estudiante en el

momento preciso para maximizar el tiempo de estudio.

•  Excelente preparación para clase y para los exámenes.

•  Ayuda a retener conceptos clave a largo plazo.

•  Ayuda a conseguir mejores notas.

•  Herramienta online: sin descargas, sin necesidad de
grabar el progreso.

•  Acceso en cualquier momento a través de una conexión a
Internet y desde múltiples dispositivos.

•  Interfaz intuitiva y atractiva.

•  Es divertido, porque permite competir con otros usuarios.

Informes

Beneficios
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La mejor manera de sacar el máximo provecho a las ventajas de SmartBook® es crear una clase a la 
que se apuntarán tus alumnos. Los estudiantes pueden trabajar independientemente o asociados 
a tu clase, pero la experiencia es mucho más positiva y productiva si se integra SmartBook® como 
una parte más de la asignatura. Te damos algunas opciones o ideas:

... como deberes

... antes del examen

... antes de ir a clase

Puedes decir a tus alumnos que estudien con SmartBook® antes de ir a clase. Así, podrás basar tus clases 
en los datos que obtengas con la herramienta.

Puedes presentar el contenido en clase y después, a modo de deberes, decirles que estudien el tema con 
SmartBook®. Posteriormente, en función de los datos que obtengas sobre el progreso, las fortalezas 
y las debilidades de tus alumnos, podrás reforzar ciertos contenidos y hacer un seguimiento general e 
individual de lo que realmente se ha aprendido.

Puedes dar la unidad completa y recomendar a tus alumnos que utilicen SmartBook® para preparar el 
examen. Si tienen examen de final de curso, recuerda a tus alumnos que utilicen regularmente la fase 
Repasa para estar preparados cuando llegue el gran día. 

...

Integra SmartBook® en tu curso

Si tus alumnos tienen dificultades para acceder a Internet, una buena solución puede 
ser dedicar periódicamente tiempo de clase a SmartBook® en el aula de informática.
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Publicaciones personalizadas a tu medida

¡Elige el contenido y crea el manual que mejor se adapta 
a tus necesidades!

Entra en nuestra web:
http://create.mheducation.com

¡Accede a todo el catálogo!
y crea tu libro a medida en 3 sencillos pasos

Create permite crear una obra personalizad a través de un proceso fácil e intuitivo seleccionando 

material del catálogo de McGraw-Hill. Además, se puede adaptar a las necesidades de cada 

docente ¡añadiendo material propio!

El deseo de todos los profesores ha sido siempre tener el libro que refleje fielmente los temas 

del curso y con el que los alumnos dispongan de todo el material que necesitan para seguir la 

clase y superar la asignatura. McGraw-Hill Education fiel a su misión de ayudar a los docentes 

y enseñar a los estudiantes, pone a disposición de cualquier profesor su oferta editorial y la 

diversidad de las soluciones de aprendizaje de las que dispone para lograr este objetivo.
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SECUNDARIA

PRIMARIA

BACHILLERATO

CICLOS
FORMATIVOS

FORMACIÓN
PROFESIONAL
CERTIFICADOS

MEDICINA

UNIVERSIDAD

Para más información: Tel. 902 289 888 
educador@mheducation.com

www.mheducation.es / www.mhe.es

PROFESIONAL

McGraw-Hill Education
una editorial global a tu servicio
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Ahora en McGraw-Hill Education 
te regalamos los gastos de envío. 
Si el importe de tu pedido es 
superior a 25€, los gastos de 
envío valorados en 5€ serán 
descontados de tu compra.

Compra cualquiera de nuestros 
títulos para Primaria y ESO y 
disfruta de un descuento inmediato 
del 20% en el precio de tus libros.

Todos los productos 
McGraw-Hill Education más 
económicos en nuestra tienda 
online. Selecciona tu producto 
y benefíciate de un 5% de 
descuento comprando 
cualquiera de nuestros títulos.

Consigue tus Gastos 
de Envío GRATIS

¡Ahórrate un 20% 
en los libros de 
tus hijos cada curso!

5% de descuento en todo 
nuestro fondo editorial

Regístrate como cliente y visualiza siempre que quieras el contenido de tu cesta o las compras realizadas

La tienda de

McGraw-Hill Education
te ofrece las

mejores ventajas

Nuestro proceso de compra es muy sencillo

¡Todo el fondo de McGraw-Hill Education 
en papel o formato digital ahora más fácil y económico!

www.mheducation.es

Porque el aprendizaje lo cambia todo

Localiza todos nuestros productos en el apartado TIENDA en el menú principal.

Encuentra tu producto navegando por nuestro catálogo o en el buscador.

Añade a la CESTA lo que quieres adquirir e inicia el proceso de compra, 

pinchando en REALIZAR PEDIDO.

1

2

3

Tus libros de texto 
con un

20% de
descuento

a partir
de 25€

Envío GRATIS
en todo nuestro

fondo
editorial

5% de descuento
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¡La tienda online de McGraw-Hill Education! 
www.mheducation.es

Toda la información | Todos los productos | Sencillo y rápido

McGraw-Hill Education
Basauri, 17 - Edificio Valrealty - Planta 1ª
28023 Aravaca (Madrid)
Teléfono: 91 180 30 00 • Fax: 91 180 31 00
www.mheducation.es

Atención al profesorado:
902 929 008 • 902 289 888
educador@mheducation.com
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