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LIVING THINGS

The following sections have been designed for use in association with one another. The
Learning Guides are supported by the Research Sumumary, the Science Map and The
Teacher’s View. It will also be helpful to refer to the Science Map and The Teacher’s
View when using the Research Summary,

CONTENTS

Science Map

This map shows those ideas which make up a sound basis for understanding Living Things to work towards
in the early secondary years. This is proposed as a coherent framework in itself which at the same time
provides an appropriate basis for development. Critical ideas around which understanding is structured are
identified in the map as shaded boxes and these goals make up the right hand column of the Learning
Guides,

Learning Guides

These guides are the nucleus of the materials. They are folded so that children’s prior ideas from the
Research Summary are set alongside goals from the Science Map and they describe the challenges pupils
face when it comes to restructuring their ideas. They also suggest interventions which could be used in
teaching schemes to help pupils reach the goals. Related extracts from the National Curriculum are
included, The Learning Guides in this domain are:

LIVING AND NON-LIVING
CELLS }’ECIES
CLASSIFICATION
ANEMAL/PL!\NT/HUMAN
STRUCTURE A{ND FUNCTION
ADAP"!'AT!ON
TIME ISCALE
Research Summary: Children’s Ideas

This is a brief outline of research setting out the main prior ideas and understandings which teachers might
expect to meet among pupils. These ideas make up the left hand column of the Learning Guides.

The Teacher’s View

This section outlines aspects of the deeper understanding which the teacher needs to have in mind whilst
working with pupils.

Additional Materials
Diagnostic Questions: Living/Animal/Plant: Case Study of their Use.
Games and Puzzles: Classtoom Materials to help Clarify the Meaning of ‘Animal’ and ‘Plant’,

Copyright Leeds National Curriculum Science Support Praject, 1932
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The map overleaf shows those ideas which make up a basis to work towards in the
early secondary years. This is proposed as a coherent framework in itself which at
the same time provides an appropriate basis for development. Critical ideas
around which understanding is structured are identified in the map as shaded boxes
and these goals make up the right hand column of the Learning Guides..

Aspects of a deeper understanding which the teacher needs to have in mind whilst
working with pupils are outlined in The Teacher’s View.

Science Map Copyright Leeds National Curriculumn Science Support Praject, 1982



VING THINGS

SCIENCE MAP

We distinguish  living
things from nun-living
things.

Somc things arz aon-
Tiving and havc never
heen alive. They may
te similar (o living
things in somec ways,
but de nol perform all
the fife processes. They
cannot make new body
malerials and so carnot
graw and reproduce
like living things.

——

Some things are non-
living, but have been
alive and then died.

When a living thing
stops performing  the
fife processcs it dics
and is o longer alive.

We group things as
diving things' i they
perform the basic Bic

processes  (nutrition,
scspiration,  excretion,
maovement,  seasitivily,
growth  and  repro-

duction), il they are
compased of one or
more celis  containing
genctic material and H
they muke now body
materials,

(Sce Learning Guide:
Living and Non-Living)

There is a wide varicly
of fiving things.

A specics is one ‘kind'
of living thing,
Generation after
generation, individuals
of a specics preduce
other individuals of the
same  ‘kind'  only.
{See Learning Guide:
Specics)

Within cach  species,
individunls  arc  wory

similar, but they differ

fram one another in

—

Al imdividuals of a
species have a simibiae
sct of gencs, but their
gencs arc nol ideatical,

We can group living
things in different ways
for different purposcs:
o reflect their
ccological relationships,
their uses to humans,
where they five,

We group all living
things into sets within
ane systematic classifi-
calion, This shows the
patterns of simifarities

In the  systematic
classification, sels are
suldivided into smalker
and smaller sub- sels.

and differences. The fundamental sub-
(See Learning Guide: set is the species.
Classilication}

i

Lile processes depend
upon  the  chomical
isteractions - of  the
ahatances in the fiving
echl

{Scr Learning Cuide:
tell)

Cells are made of many
different substances.

Theee ix 0 very Jngue
number of molecufos in
a ccl.

Living things arc made
up of cefls, A cellix the
basic unit of life: it can
perform  all the life
preacesses,

{Sec Learning Guide
CUells)

Al ¢ells come from
pre-cxisting cells,

Some living things arc
made wp of only one
eufl,

We divide living things
ito lwo main  scis:
animals and glants, but
some of the smaller
living things do nof fit
into the sets “animals'
or *plants’,

]

Fnzymes arc substances
which  enable  the
chemical interaction in
Eving cells to occur
amdee nornzal
ennditions.

The molccules of the
differcnt substances in
a cclf vary in size, but
even the  biggest
molecules  are  mach
smaller than the cell
which they make up.

O)rganisms can only live
and he active within 2

centain temperature
range.  Extremes of
temperature damage

enrymes and otker cell
subntances.

A celt is made up of
diffcrent struclures
which have pariicular
functions,

Large living things,
made up of many cells,
have tissucs and organs
such as Mond, bose,
woend, heard, leaves....

We can usc the word
‘mickobe’ 10 group
several scis of wvery
small living things.

We use the word
fanimal’ to group all
fiving things which fecd
by taking food in the
form of materials from
other  animals  and
plants,

We use the word *plant”
to group all living things
which contiin
chlmraphyfl, and which
can make food.

{Sce Learning Cuide:
Animal/Plant/Human)

Humans arc animals.
(Sec Learning Guide:
Animal/Plant/Human}

B the environment
changes  and  mo
imdivichrals of  the
particular  specles are
suited to survive in the
new enviranment, that

specics becomes
extinct.

{Sce Learning Guide:
Adaptation)

Qne of itho el
structurcs is the
nucleus. i conlrols
growth and division and
activities of the cell.

L

Some molecules in cells
casry infarmation in the
form of gemes.  Ciones
make  copies of
themscives when  row
eclis are made.

One  of the cel
structures is the ccll
membrane. Water and
some other substances
can pass through, but
others cannal,

n most Kving things the
cells are not  alike,
There  ave  difforent
kinds af cells, which
carry owt different jobs,

Maost animals respond
quickly to {hings aroumd
themy and  most can
movie ELBIT] hy
themselves. Must
plants me touted in the
ground  and  immohile

excepl by  growth.
Plants a#rc shw to
respand,

Similar  cells  arc
gtouped  together 1o
form a fissue with a
particalar function.
Tissues are organiscd
together 1o form
organs, Organs work
together as systems in
the body of an
afganism,

{See Learning Guide:
Structure and Funclion)

Changes to the Farth's
surface amd atmospherc
huve tken plice wver
thousands of miflions of
years. During this time,
specics  have  been
evolving.

{Sce Lcarning Guide:
Time Scale)

The ccfls, lissues and
trgans  within  fiving
things are suited
(adapted}) to the
functions they porform.
{Sec Learning Guide:
Struciure & Fanction.)

Il individuals of a
speties are well suited
to their surroundings,
they are said fo be
adapted o their
cnvironment, and the
specics  will  suevive.
(Sce Learning Guide:
Adaptation)
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LIVING AND NON-LIVING
Goal

We group things as ‘living things
the basic life processés (nutritio
excretion, movement, - sensiti
reproduction), if they. are cor
more cells containing’ geneti
they make new body materials

Related National Curriculum Programme of Study
Key Stage 3

They should study fife processes, feeding (including
digestion and assimilation), respiration, removal of
waste, movement, behaviour, growth, reproduction
and sensitivity particularly as they relate to human
beings. They should study respiration, growth and
sexual reproduction in plants. (Sc21i)

They should have opportunities to group organisms
on the basis of similarities and differences....
(8c2ii)

Reiated extracts from the National Curriculum Programmes of Study: Key Stages 1,2 and 4

Pupils should find out about themselves and develop their ideas about how they grow, feed, move, use their
senses....They should be introduced to the main parts of flowering plants and investigate what plants need to
grow and reproduce, (KS1S8c¢2i)

They should have opportunities....to find out about a variety of animal and plant life. They should sort living
things into broad groups according to similarities and differences.... (KS1 Sc2 ii)

They should explore some aspects of feeding, support, movement and behaviour in relation to themselves and
other animals. They should explore ideas about the processes of breathing, circulation, growth and
reproduction, They should investigate the factors that affect plant growth.... (KS2 Sc2 i)

Pupils should investigate and measurc similarities and differences between themselves, animals and plants....
(KS2Sc2 i

Related National Curriculum Statements of Attainment

Pupils should:

Sc2ii/1b know that there is a wide variety of living things, which includes humans.
Sc2if3a know the basic life processes common to humans and other animals,

Sc2i/7a understand the life processes of movement, respiration, growth, reproduction, excretion, nutrition and
sensitivity in animals, .

8c2i/7> understand the life processes of photosynthesis, respiration and reproduction in green plants.
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CELLS

Goals

Living ‘m_ubmm..‘ gs

basic unit” of <life

Life processes ” dépen
interactions of the substances in'th

Related National Corricolum Programme of Study
Key Stage 3

Pupils should explore and investigate how flowering
plants and mammals are normally organised at

rollnlor ned cnnnmananclc lacnde foA N

Related extracts from the National Curriculum Programmes of Study: Key Stages 1,2 and 4

None.

Related National Curriculum Statements of Attainment
Pupils should:

Sc2i/6a be able to relate structure to function in plant and animal cells,
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SPECIES

Goal

A species is one ‘kind' of.: living’ thin
Generation after generation, ‘individuals’ o
species’ produce other individuals: of the. same
‘kind’ only,* i

Related Natlonal Curriculum Programme of Study
Key Stage 3

Pupils should broaden their study of locally
occurring plants and animals to other organisms
and be introduced to the major taxonomic groups,
They should have opportunities to group organisms
on the basis of similarities and differences and to
use keys to name organisms. (Se2 i)

Related extracts from the National Curricalum Programmes of Study: Key Stages 1,2 and 4

They should have opportunities, when possible through first-hand observation, to find out about a variety of
animal and plant life.... (KS18¢2ii)

They should sort living things into broad groups according to similarities and differences using observable
features. (KS1 Sc2ii) .

Pupils should investigate and measure the similarities and differences between themselves, animals and plants
and fossils, They should have the opportunity to develop skifls in identifying locally occurring species of animals
and plants by observing structural features and making and using simple keys. (KS2 Sc2 if)

Pupils should use keys to assign organisms to their major groups and have opportunities to measure the
differences between individuals. (KS4 Sc2 ii

Related National Curricolum Statements of Attainment

Pupils should:

8¢2ii/1b know that there is a wide variety of living things, which includes humans, .

Sc2ii/2b be able to sort familiar living things into broad groups according to easily observable features.

Sc2ii/db be able to assign plants and animals to their major groups using keys and observable features.
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CLASSIFICATION
Goal

We group all living things 5
systematic classification. .-,
patterns of similarities and differen

to-sets withi

Related National Curriculum Programme of Study
Key Stage 3

Pupils should broaden their study of locally
occurring plants and animals to other organisms
and be introduced to the major taxonomic groups,
They should have opportunities to £roup organisms
on the basis of similarities and differences and to

tep lrate $a mnman ammataco . SO A e

Related extracts frem the National Curriculum Prograrmmes of Study: Key Stages 1,2 and 4

They should sort living things into broad groups according to similarities and differences using observable
features. (KS1 Se2 ii)

They should have the opportunity to develop skills of identifying locally occurring species of animals and plants
by observing structural features and making and using simple keys, (KS2 Sc¢2 ii)

Pupils should use keys to assign organisms to their major groups.... {KS4 S¢2 ii)

Related National Curriculom Statements of Attainment
Pupils should:
Sc2ii/2b be able to sort familiar mﬁwm things into broad groups according to easily observable features.

8c2ii/4b be able to assign plants and animals to their major groups using keys and observable features.

e
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ANIMAL/PLANT/HUMAN

Goals

We usc the word. ‘animal’ 1o grou;
things which feed by taking fc .
materials from other animals lanits
use the word ‘plant’ to group-all:living's
which contain chlorophyll, and:whic

food. .7

Humans ar¢ animals

Related National Curriculum Programme of Study
Key Stage 3
Pupils should explore and investigate how flowering

plants and mammals are normally organised at
celhslar and macrneranie lavale Q-7 0

Related extracts from the National Curriculum Programmes of Study: Key Stages 1,2 and 4

They should have opportunities, when possible through first-hand observation, to find out about a variety of
plant life.... (KS1 Sc2 ii)

They shouid sort living things into broad groups according to similaritics and differences using observable
features, (KS18c2ii) .
They should be intreduced to the idea that plants are the ultimate source of all food in the living world.
(KS1 Se2 iv)

Pupils should investigate and measure the similarities and differences between themselves, animals and plants..,
(KS2 Sc2 ii)

They should be introduced to the idea that green plants use energy from the Sun to produce food and that food
chains are a way of representing fecding relationships, (KS2 Sc2 iv)

Related National Curriculum Statements of Attaiument

Pupils should:

Sc2ii/1b know that there is a wide variety of living things, which includes humans,

8¢2ii/2b be able to sort familiar living things into broad groups according to easily observable features.
Sc2i/3a know the basic life processes common to humans and other animals.

Sc2ii/4b be able to assign plant and animals to their major groups using keys and observable features,
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STRUCTURE AND FUNCTION
Goals

work together: as- systeris ‘in th
organism. .

The cells, tissués‘and o i
arc suited (adapted) 1o the: funct
perfform, . . .

Related National Curriculum Programme of Study
Key Stage 3

Pupils should explore and investigate how flowering
plants and mammals are normally organised at

roalhtlar and cmnmamaan oot s oA

Related extracts from the National Curriculum Programmes of Study: Key Stages 1, 2 and 4

Pupils should be introduced to the major organs and organ systems of mammals and flowering plants.
(KS28c2 1)

Pupils should extend their study of the major organs and organ systems and life processes. (KS4 S¢2i)

.

Related National Curriculum Statements of Attainment
Pupils should:

Sc2if5b be able to name and outline the functions of the major organs and organ systems in mammals and in
flowering plants,

Sc2i/6a be able to relate structure to function in plant and animal cells,
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ADAPTATION

Goals

If individuals of a species are .,mn.m,_‘mﬁm.nm.ﬂ,..ﬂ?w
surroundings they are said to be adapted.to the

environment, and the species will surviv

Ifthe environment changes and no individuals'of
the particular species are suited to survive in the
new environment, that species becomes extinct;

Related National Curricalum Programme of Study
Key Stage 3

Pupils should study a variety of habitats at first-
hand and make use of secondary sources, to
mvestigate the range of seasonal and daily variation
in physical factors, and the features of organisms

which enable them (o survive these changes.
(Se2 iy

Related extracts from the National Corriculum Programmes of Study: Key Stages {, 2 and 4

They should...become aware that some life-forms became extinct a long time ago and others more recently,
(KS1 Sc2 ii) ,

Pupils should explore and investigate at least two different habitats and the animals and plants that live there.
They should find out how animals and plants are suited to these habitats.... (K82 Sc2 iii)

Pupils should make a more detailed and quantitative study of a habitat, including the investigation of the
abundance and distribution of common species, and ways in which they are adapted to their environment.
(KS4 Se2 iii) .

Related National Curriculum Statements of Attainment

Pupils should:

Sc2 iii/2¢ know that different kinds of living things are found in different localities. .

Sc2 iii/3b know that human activity may produce changes in the environment that can affect plants and animals.

Se2 iii/Sc know how pollution can affect the sirvival of organisms,
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LEARNING GUIDES APPENDIX: EXTRACTS FROM THE NATIONAL CURRICULUM PROGRAMME OF
STUDY FOR KEY STAGE 3

References relating to the Learning Guides are underlined below:

Sc2 strand i - life processes and the organisation of living things

Pupils should explored” and investigate how flowering plants and mammals are normally
orgémised at cellular and macroscopic levels. They should study life processes, feeding

(including digestion and assimilation), respiration, removal of waste, movement,
behaviour, growth, reproduction and sensitivity, particularly as they relate to_human
beings. They should investigate the requirements for photosynthesis in green plants, the
resulting products (sugars, starch and oxygen) and the minerals required for healthy
growth. They should study respiration, growth and sexual reproduction in plants. They
should have opportunities to explore and investigate the uses of enzymes and microbes,
for example, in the baking, brewing and dairy industries. Pupils should extend their study
of the ways in which the healthy functioning of the human body may be affected by diet,
lifestyle, bacteria and viruses (including Human Immunodeficiency Virus (HIV)), the
abuse of solvents, tobacco, alcohol and other drugs, and how the body’s natural defences
may be enbanced by immunisation and medicines. They should study the human life
cycle, including the physical and emotional changes that take place during adolescence,
the physical and emotional factors necessary for the well-being of human beings in the
early stages of their development, and understand the need to have a responsible
attitude to sexual behaviour.

Sc2 strand ii - variation and the mechanisms of inheritance and evolution
Pupils should broaden their study of locally occurrine plants and animals to other
organisms and be introduced to the major taxonomic groups. They should have

opportunities to group organisms on the basis of similarities and differences to use keys
to name organisms. They should measure and investigate variation between individuals
in a range of living things, giving attention to their welfare. They should translate data
into trends and norms and consider genetic and environmental causes of variation and
extinction. They should study how information in the form of genes is passed on from
one generation to the next. They should be introduced to the idea of selective breeding.

Learning Guides Appendix: Extracts frem the Natienal Curriculum Pragramme of Study for Key Stage 3



Sc2 strand iii - populations and human influences within ecosystems

Pupils should study a_variety of habitats at first hand and make use of secondary
sources, to investigate the range of seasonal and daily variation in physical factors, and
the features of organisms which enable them to survive these changes. They should be

introduced to the factors affecting the size of populations of organisms, including
competition for resources and predation. They should study the effects of human
activity, including food production and the exploitation of raw materials, on the purity

of air and water and on Earth’s surface. They should come to appreciate that beneficial -

products and services need to be balanced against any harmful effects on the
environment, -

Sc3 strand iv - the Earth and its atmosphere
............ They should be aware of the time-scales involved in the operation of geological

processes.

2 Learning Guides Appendix: Extracts from the Natiopal Curriculum Proaramrne of Studv far Kev Stage 3
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Children’s ideas about
LIVING THINGS

Before reading this summary of children’s prior ideas, it would be helpful to look at the
Science Map and The Teacher’s View so as to have a useful overall perspective from
which to view children’s understanding.

Introduction
The research into children’s concepts of living things, which is covered in this Research
Summary, is presented under the following headings:

The concept of living’

The concept of ‘animal’

The concept of ‘plant’

The process of classification -

The concept of ‘species’

Cell theory

Adaptation

Organisation of the body: Structure and function
Implications for teaching.

It would be helpful to consult the Research Summaries in other domains of ‘Life and
Living Processes’ for those aspects of the papers reported here, and of other articles,
which outline children’s ideas on particular life processes.

The concept of ‘living’

Research on children’s ideas of ‘living’ has been in progress ever since the 1920s. We
can define Tliving’ by contrasting living things either with inanimate objects, which have
never been alive, or with dead organisms, which were once alive. However, these two
aspects have not always been distinguished in the research.

Animism

‘The pioneering studies about children’s ideas of ‘living’ were carried out by Piaget!, He
observed that children tend to regard many inanimate objects as capable of sensations,
emotions and intentions, and he called this view“fg;lig“u_:srg_’_: He found that young

children said that such things as the sun, cars, the wind, clocks and fires ‘know where
they are’ and ‘could feel a pin prick’. When asked what is and is not alive, they judged

Research Summary 1



Living Things

these same objects to be alive. He showed that children younger than ten years old
interpret physical phenomena in terms of intention on the part of inanimate objects, for
example ‘the sun is hot because it wants to make people warm’.

Piaget identified five stages in the development of the ‘life concept’ in children:

Stage 0 No concept. ' "

Stage 1 Age 6-7...things that are active in any way, including falling or making a
noise, are alive. '

Stage 2 Age 8-9....all things that move, and only those, are alive.

Stage3  Age 9-11...things that appear to move by themselves, including rivers and the

N sun, are alive,

Stage4  Over 1l...adult concept: only animals are alive, or animals and plants are
alive.

Carey * has studied childhood animism and suggests that there is no evidence for the
universal progression through the stages defined by Piaget. Her criticisms are based on
several concerns, the main one of relevance to teaching being that the word ‘alive’ as
used by children and investigated by Piaget does not label the adult concept of ‘living
thing’. Children may appreciate that living things are distinct from inanimate objects,
but they do not have a concept of ‘living things’ which subsumes animals and plants into
a single category. As they do not have this concept to correspond to the word ‘alive’, the
word ‘alive’ has some other meaning for them. The meaning of the word ‘alive’ changes
with the age of the child. If this is so, studying the development of the meaning of ‘alive’
is not the best way to study the child’s developing concept of life. Carey suggests that
the Piagetian procedure induced self-conscious theories about ‘life’ on the part of the
children, rather than tapping into and diagnosing their prior concept of life. In Carey’s
own experiments, only 13% of children aged less than ten years old volunteered
physiological criteria for life, but most of another sample of similar age were able to
assign given attributes, such as ‘has babies’, correctly to living things.

Carey reviewed the work of Piaget and of Laurendau and Pinard and others, in relation
to her own research data, suggesting that progression in the concept of ‘living’ is linked
to the child’s developing conceptual framework about biological processes. Young
children (4-7 years) have little biological knowledge, but there is a marked increase in
the knowledge of 9 and 10 year-olds. The younger children therefore explain bodily
functions of living things and the activity of inanimate objects using a ‘naive psychology’
of human behaviour entwined in intentional causal reasoning, for example: spinach
makes Popeye strong because he likes it, the Sun shines in order to keep us warm. As
the biological knowledge of the child grows the idea of biological function independent
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of human intentional causality develops, and animistic reasoning declines.

Piaget’s work prompted a number of other studies, in various countries and cultures,
which have produced an extensive literature on animism. In 1969 Looft and Bartz 3
reviewed the literature up to that date. The research showed that animistic notions are
present in populations of all age rangés and great cultural differences. They are
prevalent in the thinking of many different college student samples, though students
who had studied biology gave fewer animistic answers than those who had not. °
However, the subjects were not usually informed that they were expected to give
scientific answers, so many may have answered metaphbricaliy. A recent study by
Inagaki and Hatano ¢ suggests that young children use animism metaphorically as a
model to explain phenomena.

The words ‘living’ and ‘life’ may label different concepts. Klingberg found that the
question ‘Is (a certain object) living?’ produced different responses from the question
‘Has it life?” (reported in 3). These semantic distinctions have not always been
acknowledged in designing research studies and have given rise to much discussion of
the detailed results.

Criteria for life: the characteristics of living things
Following the ‘animism’ debate, research in the 1970s attempted to delve into the
biological criteria that children use in deciding whether something is alive.

Smeets * found that eleven year-old children used biological words as criteria for things
that they considered as living, but that they did not distinguish the meanings of these
words from other usages. For example the majority seemed to consider the following
pairs of words identical in meaning: destruction/dying, seeing/knowing, contact/
feeling, presence of ears/hearing, production of noise/talking, expanding/growing.
Looft ¢ reported that although 39 out of 59 seven year-old children correctly classified
sixteen items as living or non-living, this ability is not indicative of a biological grasp of
the implications of the life concept. Over half of the 39 understood the need for
nutriment, but few applied a concept of breathing or of reproduction in defining living
things, even when asked questions such as ‘does a frog breathe or need air?’.

By the late 1970s and early 1980s, work on children’s concepts of living things became
more related to the educational context but the same issues were still being discussed.
Bell (formerly Stead) " #° has pointed out that commonly used words such as ‘living’,
‘dead’ and ‘animal’ may be used to label different concepts by different people.

[
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Stead (Bell) found that all but one of her sample of 9-15 year-olds used biologically
accepted characteristics of life to justify their categorisation of examples as living things.
Many used a combination of these attributes. However, she reports that only five out of
32 pupils had a concept of living similar to that of a biologist, despite up to four years of
formal biology teaching. Most children over-extended the scientifically-accepted
concept of living: they considered fire, clouds, sun, candle, river, car, and so on, to be
living.

This over-extension usually resulted form the use of only one or a few critical attributes,
for example ‘a cloud is living because it moves’. Some pupils considered that an item
could be living at some times (for example, a bike when moving) and non-living at other
times, and many acknowledged that they were unsure of their categorisations.

These findings have been replicated in further work by Bell and by researchers and
teachers using questions based on her research schedules. Surveys across a range of
ages, by Bell et al, have shown the prevalence of different ideas about ‘living’.
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Figure 1: Representative sample response (o ‘is it living?". (16 and 17 year-old pupils were studying biology)

Arnold and Simpson © investigated the concept of living things, amongst Scottish pupils
from age 10-15 including biology and non-biology students. From the primary years all
pupils could use the term ‘living thing’ in context and could give appropriate examples.
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When classifying eighteen examples and non-examples of living things there was no
steady improvement from age 10-15, and non-biology certificate pupils performed
better than biology pupils. This suggests that school biology experience had not
improved the students’ concept attainment and is further evidence for the trends
described by Bell. Of the non-certificate (lower attaining) pupils aged fifteen, 28%
included at least one of the following as living: fire, milk, water, cloud, energy, car.
Only 9% correctly classified all eighteen items. The four most popular attributes
chosen to identify living things were eating/drinking, moving/ walking, breathing,
growing. There was little progression evident in the responses from primary to junior
secondary pupils, although the older pupils gave the best results. Only 36% of 14-15
year-olds included respiration as a criterion of life although many had studied biology.

Leach et al confirm this *. These researchers found that a few infant children are
unfamiliar with the word ‘alive’. When they do recognise the word, most children at this
age and many up to eleven do not consider plants to be alive. They did not point out
the grass and the tree when asked to find something alive in a picture, but searched
amongst these for drawings of animals.

The results of Stavy and Wax = from a study of 5-16 year-old children in Israel are
similar. They found that almost all children recognised animal examples as living, but _
only 30% of six year-olds, and 70-80% of 12-15 year-olds regarded particular plants as
living. Almost all children attributed growth to plants, but apparently did not consider
this a pre-requisite of life: 100% of 8-11 year-olds stated that plants grow but only 69%
of them regarded plants as living.

Stavy and Wax attribute their results in part to the Hebrew language, where the word
for ‘life’ is similar to that for ‘animal’, but not to that for ‘plant’. Also the words for
‘growth’ and ‘death’ in animals are different from those applied to plants. However, in
view of similar findings from English speaking pupils in various countries, this proposed
explanation may need to be questioned.

Tamir et al © studying 424 Israeli pupils aged 8-14 also found that there was no
significant difference between grade levels in chiidren’s ability to classify sixteen
pictures into living and non-living categories. Over 99% of the children classified all the
animal pictures as living; 82% of the responses correctly classified the plant illustrations
as living, with the tree and the mushroom less frequently considered alive than the
herbaceous plant. Also, 80% classified the inanimate examples as non-living, with
natural things like a river or the sun more frequently being considered alive than man-
made objects. Thus 20% of item responses were incorrect, and this may represent far
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more than 20% of individual children failing to correctly classify at least one item.

Embryos provided interesting responses. Only half the children considered eggs to be
alive whereas 60% classified seeds as alive.

A progression from the ideas of the yo?mgef to those of the older students became
apparent in the criteria they gave for classifying examples. Overall, the most popular
criteria as indicators of life were movement for animals, and growth and development
for plants and embryos. About half the reasons were based on life processes with more
emphasis on biological processes and less on usefulness to man by the older children.

Most of the children who classified inanimate items as alive believed that they have a
different kind of life, and about half thought that plans have a different kind of life from
animals. The differences were related to supposed differences in movement, sensation
and consciousness. These findings are evidence that life has many meanings for
children; it is not a uniform concept.

Tamir et al also investigated the notion of continuity of life. Although most pupils could
put pictures of seed germination or chick embryology in the correct sequence, and 85%
said that the seedling was alive, only 66% said that the seed was alive. They believed in -
the possibility of living organisms to develop from non-living, stating: ‘seeds are dead,
when we put them in soil they get food and begin to live’ or ‘larvae change into pupae
which are dead and then we get butterflies’. However, most of the children did
understand the continuity of life explicitly stating ‘if the seed were not alive it would not
be able to grow’ or expressing the idea that living organisms originate from other living
organisms. In some cases the latter idea did not prevent children from believing that -
eggs and seeds are not alive. A difference was apparent in a class of agricultural school
students within the sample where only one classified eggs and seeds as non-living,
suggesting that their agnculturai experience had an impact on their understanding of
the life concept.

Lucas, Linke and Sedgwick = used an unfamiliar object, in a photograph, to elicit
concepts of life from nearly a thousand Australian children aged 6-14. The object was
actually a lump of dough photographed on a sandy background. Children were asked to
write down how they could find out whether the object was alive, with cues about how to
proceed: what would you look for? what would you do to it? what would it do?. The
overwhelmingly common responses (86-100% varying with age grades) was in terms of
the behaviour of the object. The behaviour most children chose was some sort of
movement, with an increase in this response through the primary grades and a decline
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through the early secondary years. However, analysis of the children’s range of
responses revealed that even young children’s ideas of life are based on more than
movement. Children at all grade levels applied a variety of criteria, including consulting
expert advice. At all grade levels more than 40% of pupils suggested a criterion based
on external structure; an increasing proportion at higher grades used an aspect of
internal structure, such as blood or cells; a substantial proportion used physiological
functions, such as heartbeat or respiration. These types of response had not been
elicited by the restricted questioning of the earlier ‘animism’ studies.

Brumby * studied 52 British University biology students’ perceptions of the concept of
life. She set four different problems, one of which was similar to that of Lucas et al but
her stimulus material was an actual strange weathered stone, rather than a photograph.
Her other questions related to evidence of whether fire is alive, to evidence for life on
Mars and to explaining the expression ‘the web of life’.

Most students referred to similar criteria as those used by young children such as growth
and movement. The traditional ‘seven characteristics of life’: movement, respiration,
sensitivity, growth, reproduction, excretion and nutrition, dominated their explanations.
These were applied in an unsophisticated way and without reference to principles of
scientific experimentation, suggesting that the seven characteristics had been rote-
learned. Some responses included references to cells or organic chemicals, but there
was hardly any mention of a self-replicating molecule. Brumby suggests that the
‘learning’ of fragmentary ‘facts’ had overwhelmed the curiosity and wonder of children
as they become tertiary students and did little to help an understanding of the world
around them.

Anthropomorphism and personification

Anthropomorphism means attributing human attributes, thoughts, emotions and
intentions to non-human things. It is not always clear whether children, giving
anthropomorphic responses, think that other organisms or objects really think like
humans or whether they are using anthropomorphism in a metaphoric sense.

Inagaki and Hatano ¢ point out that children readily distinguish people from other living
and non-living things and that they do not readily accept that humans are a kind of
animal. However, children recognise a gradation in similarity between humans and
other things, ranging from the close similarity with other mammals, grading through
vertebrates, invertebrates, plants and minerals. Inagaki and Hatano investigated the
use of ‘personification metaphor’ by young children. They concluded that when a
particular response of an organism, whether it be a tulip or a rabbit, is similar to that of
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a human, children use human characteristics to make predictions about the organism,
but this is not the case when the attribute under consideration is different between the
organism and a human. They contend that children are able to differentiate between
humans, non-humans and inanimate objects, but they use personification as a metaphor
to help generate predictions.

Death
A number of studies of children’s concept of death, reviewed by Carey 2, have suggested -
that children progress to an intuitive biological conceptualisation at about 9 or 10. Very

young children consider death in terms of human experience, relating it to notions of

sleep and departure, separation and punishment. They see it neither as final nor as

inevitable. Primary school children accept the finality of death as an event that happens

to people due to an external agent. Around age 9 or 10, children begin to understand

death as an inevitable biological process of the body ceasing to function. Despite
different cultural references to myths and religious beliefs, children in all studies

indicated the same progression of concepts of death.

A study by Sequiera and Freitas v confirmed the stability of Portuguese primary school
children’s concepts of death and decomposition even after the teaching of these
concepts.* These children tend to conceptualise death in terms of a human/animal.
model referring to tiredness of the body, or the stopping of human/animal organs
(mainly the heart). Some children tend to define death using a theological or ;
deterministic approach, or refer to affective causes (sadness, lack of friends). Cell-
based explanations were only found amongst the oldest children studied (12-13 year-
0lds) and then only in 40% of the responses. Few children considered death in relation
to all living organisms.

The concept ‘animal’
Carey points out that very young children have concept ‘animal’ that does not include
inanimate objects, although the concept is different from the adult concept ‘animal’.

Leach et al, however, found some infant school pupils unfamiliar with the word animal.

Stead (Bell) * and her colleagues report that to many students animals are only the
large land mammals, such as those found as pets, on farms or in zoos. Their range of
examples of animals is narrower or more restricted than that of a scientist. She found
that only four out of 39 fifteen year-old pupils categorised pictures of animals and non-
animals in the way a biologist would. Only about half the pupils categorised a fish, boy,

*  See Research Summary: Microbes
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frog, snail, snake or whale as an animal. Reasons for identifying something as an
animal included: four legs, large size, land habitat, fur and noise production. About
half of the children used the criterial atributes of living things to specify items as
animals. They did not seem to recognise that these attributes do not distinguish animals
(in either their restricted sense or in the biological sense) from other living things.
Some mentioned feeding, but in the same way as it is used as an atribute of living
things, rather than emphasising the heterotrophic nature of animal feeding.

Surveys of pupils’, tertiary students’ and teachers’ understanding of the word ‘animal’-
produced the responses shown in Figure 2 and Figure 3. All these people were asked to
respond as they would in a science lesson context.

IS IT AN ANIMAL?

11 year Primary Experienced | University
olds leacher primary biology
trainees teachers students

(N=49) [ (N=34) | (N=53) [(N-=867)

Cow 9B8% 100% 100% 100%
Boy 57% 9404 96% 100%
Worm 37% 77% B86% 99%
Spider 220 65% 86% 97%
Grass 0% 0% 0% 0%

Figure 2: Percentage responses of various samples to ‘is it an animal?’
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Figure 3: Representative sample response to ‘is it an animal?

The U-shaped curves for a whale, worm and spider have been replicated in a number of
formal and informal surveys. One explanation for this is as follows. Five year-olds have
a relatively simple idea of classification, whereby living things consist of plants and
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animals (and humans). Older children learn about insects, arachnids, sea-mammals,
and so on. For some of these the concept of ‘animal’ becomes “restricted to land
mammals and they regard ‘insects’, ‘mammals’, ‘birds’, ‘fish’ and ‘humans’ as parallel
sets to ‘animals’ rather than as sub-sets. Some older students adopt the scientific
classification of subordinate sets, although the everyday restricted use of ‘animal’ affects
the responses of some older responderits, Many people of all ages are reluctant to
agree that a person is an animal; in everyday usage ‘animal’ is often contrasted with
‘person’, as in ‘No animals allowed in this shop’ and to describe a person as an animal is-

an insuit.

Bell and Barker ° report that traditional teaching about consumers and about animals as
consumers did not appreciably affect pupils’ understanding of either concept as shown

in Figures 4a.
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Figure da: Stability of thirteen year-old pupils’ views despite teaching.
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Pupils came to believe that only large mammals, (that is, ‘animals’ in their terms) are
consumers. However, teaching activities directed at extending the concept of ‘animal’
were successful. A parallel class of pupils was specifically taught the biologist’s view of
‘animal’ before they were taught about consumers. After this focussed teaching all
these children correctly identified a range of creatures as both animals and consumers,
as shown in Figure 4b,

Trowbridge and Mintzes * report restriction of the concept ‘animal’ in the thinking of
school and university students, consistent with Bell's findings. Asked to name five
animals, most students gave large four-legged terrestrial examples. Of all responses
81% were mammals, 10% birds, 5% reptiles and 4% fish. These students stated similar
attributes to those reported by Bell, also confusing the attributes of living things and of
the animal kingdom, indicating difficulty with the idea of hierarchical classification.
Some suggested that humans are not animals.

Tema » based her study on Bells’ work, and set out to investigate the conceptions held
by rural and urban African pupils in relation to the concept ‘animal’. Despite their
culturally different backgrounds most students showed some similarities with Bells’
pupils in their conceptions of ‘animal’. However, many of the rural children regarded as
an animal any creature which is not human or a plant. They used a human-centred
reference point, and defined an animal by its lack of human abilities like talking and
cooking. Many used religious arguments for the distinction between animals and
humans.

The concept ‘plant’

Stead (Bell) 2 established, from interviews with 29 children aged 9-15, that they have a
much narrower meaning of the word ‘plant’ than the biologist’s meaning. Only four
children used generalised criteria such as ‘grows in the ground’, ‘has leaves’, ‘has roots’,
‘is greert’, to categorise all the instances of plants. Others used criteria which excluded
particular examples from the category ‘plant’. Bell found children, from all age groups,
who considered that a tree is not a plant, because it is large and hard, although ‘it was a
plant when it was little’. Some children suggested that a plant is something that is
cultivated, hence grass and dandelions were considered weeds and not plants. Almost
half of the sample did not consider a carrot and a cabbage to be plants, but vegetables,
and over half did not consider a seed to be a plant. These results indicate that many
pupils do not view ‘weeds’, ‘vegetables’, ‘seeds’ as sub-sets of the set ‘plants’ but as
comparable sets.

Hesearch Surmnmary ‘ Tt




Living Things

The ideas of many fifteen year-olds were as restricted as those of ten year-olds despite
science teaching.
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Figure 5: Results from a survey which investigated the views of the concept ‘plant’ at several age levels.

Leach et al confirm that pupils choose ‘plant’, ‘tree’ and ‘flower’ as exclusive groups.

However, they were willing 1o assign trees and flowers to the category ‘plant’ when they
were given a restricted number of categories in a classification task.

Children’s concepts of plants can also be inferred from their identification of itemns,
including plants, as living or non-living (see “The concept of living” above).

The process of classification

Distinguishing living from dead, or living from inanimate things, and grouping living
organisms involves classificatory skills. Children’s ideas of classification in dealing with
a range of items have been investigated by Piaget and many others. Bell pointed out
that children’s classification indicates a lack of understanding of superordinate classes
(for example plant, animal) and subordinate classes (for example flowering plant,
mamumal, insect). Many biological sub-sets are seen as comparable sets to the set ‘plant’
or ‘animal’.

Leach et al report that most seven year-olds can assign organisms to groups of their own
choice, but their groups are of differing status and not hierarchical. Young children can
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use only two groups at the same time, whereas older children use a number of groups at
the same time to assign organisms. By age thirteen most children, when asked, can use
the group ‘animals’ to include groups such as bird, and by sixteen most students use
hierarchical classification more spontaneously.

Ryman # found that English twelve year-old children encountered difficulties in
classifying organisms into taxonomic categories, more so with plants than with animals.
Some difficulties arose from adaptations to similar environments within a taxonomic:’
group which mask fundamental similarities and prevent children from generalising
examples of organisms into that group. Moreover, pupils may learn a ‘school science’
way of classifying and be able to classify organisms in the school science context, but
they retain their intuitive ideas about concepts such as ‘flower’ and ‘animal’ for use in
everyday life. The label ‘insect’” was understood to apply to small, crawly things,
including spiders and centipedes.

The categories ‘flowering plant’ and ‘vertebrate’ were found to be used in the scientific
sense by less than half of the thirteen year-olds surveyed by the Assessment of
Performance Unit 2. Even fewer (18%) of the sample of about 800 children could apply
the term ‘reptile’ correctly. Many held incorrect views about reptiles having slimy
skin.

Askham * reports that children (aged 9-12, in California) used mixed strategies in
classifying plants outdoors in a botanic garden. They focussed on individual features of
the plants such as the shape of leaves, the flowers, the colour, rather than on the whole
plant. The latter would be necessary to find the totality of resemblances and differences
required to arrive at a formal scientific classification. Leach et al also found that
children of all ages focussed on more obvious features such as number of limbs or
habitat, rather than on more fundamental differences such as physiology, when
classifying living things.

Trowbridge and Mintzes report similar findings to those of Ryman with groups such as
‘insects’ being used as ‘garbage cans’ for animals whose group name was not known.
Many students relied on everyday, rather than the taxonomic meaning of class names,
such that jellyfish and starfish were classified as fish, and turtles with amphibious habits
were classified as amphibians. This ‘amphibian’ classification of turtles and of penguins
was found by Braund amongst many of the children he studied ».

The concept of species
Leach et al report that pupils from 5-16 recognised that rottweilers, poodles and
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alsatians should all be put into one group called ‘dogs’ but they showed little
understanding of the basis of this grouping. At age sixteen a few pupils referred to
genetic information, but even these showed little knowledge of the genetic basis of the
“concept ‘species’.

Cell theory

Arnold » has shown that pupils seem to suffer from interference between the concepts
of ‘cell’ and ‘molecule’. Eleven year-old Scottish pupils were asked to draw their ideas
of molecules. Most drawings resembled cells, with features such as nucleus and
membranes discernible. Children seem to bave a generalised concept of ‘very small
units that make up larger things’ which Arnold has called the ‘Molecell’, Pupils aged
14-15 were asked to indicate whether certain items are made of cells and/or molecules.
As well as living organisms themselves, things associated with living things were thought,
by a large minority of pupils, to be made of cells. It seems that those items studied in
biology lessons, including proteins, carbohydrates and water, are thought to be made of
cells.

An overwheinlirig majority of pupils indicated that living organisms are not made of
molecules, but that energy, heat and so on, are. It seems that they confined the concept
‘molecules’ to things encountered in physics and chemistry.

Dreyfus and Jungwirth # report similar confusion about orders of magnitude and levels
of organisation amongst sixteen year-old Israeli students. Their responses suggested
that they thought that molecules of protein are bigger than the size of a cell and that
single celled organisms contain intestines and lungs. The pupils had been taught about
cells in the previous year and superficially ‘knew’ a number of correct statements about
them. However, over a third or responses revealed ‘inadequate’ alternative ideas about
cells as follows: |

Everything, including enzymes, is floating in water inside a cell.

The cell membrane functions just like a sieve; only liquids can pass

through; it recognises, selects and rejects substances by a conscious

process.

The nucleus supervises the cell in a conscious way ‘like a brain’.

Hereditary information is only considered in those events related to

reproduction.

Some cells specialise in making protein, others specialise in producing

energy; the main energy source is protein; there is a lot of energy in water

which is an energy source for the cell; cells only need energy when

moving; energy is transferred from cell to cell by the blood stream.
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Many pupils do not equate meat with muscle, nor know that meat is made of cells and
of proteins. Many students expressed self-contradictory ideas: the information encoded
in the nucleus of all cells of an organism is identical/during cell division different
information is transmitted to different cells. The cell is the basic unit of every living
things/only parts of the body are made of cells, others are not.

‘Dreyfus and Jungwirth categorised the origin of pupil errors. Apart from ideas derived
from non-school experience, many misconceptions arose from overgeneralisation ofd"
school knowledge, or from the literal use of words which teachers had meant *
metaphorically. For example, useful analogies such as ‘giant protein molecules’ and
‘microbes eating substances’ can lead to those misunderstandings mentioned above.

Adaptation

Adaptation is a term used with a number of different meanings. All of the research has
found that most students regard adaptation in terms of individuals changing in major
ways in response to their environment, in order to survive. They see adaptation in a
naturalistic or teleological sense: to satisfy the organism’s need or desire in order to
fulfil some future requirement. In Engel-Clough and Wood-Robinson’s study ®, two
thirds of 12-14 year-olds and half of 16 year-olds gave teleological interpretations of
examples of adaptation. Only 10% of the whole sample gave scientifically acceptable
explanations. The rest merely restated the questions in some tautological form.
Students show confusion between an individual’s adaptation during its lifetime and
inherited changes in a population over time. In other words, they believe in the
inheritance of acquired characteristics. This Lamarckian belief is clear from many
surveys of students both before and after instruction in genetics and evolution #»3 2%,

Deadman and Kelly found that 11-14 year-old boys were aware that animals in the past
were different from animals of the present, yet somehow related. They had some idea
of evolutionary change over time, but little notion of the time scale involved. Most
pupils regarded evolution as a series of episodes, often related to specific environmental
changes in the past, such as the Ice Age ».

Brumby found that only 18% of students, even after studying ‘A’ level Biology, could
correctly apply a process of selection to evolutionary change. Most gave a Lamarckian
interpretation that individuals can adapt to change in the environment if they need to,
and that these adaptations are inherited. Brumby * considers that pre-existing
Lamarckian ideas can block the understanding of a Darwinian explanation.
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Organisation of the body: Structure and function
Carey ? has reviewed a number of studies, including those of Crider, Gellert and Nagy,
about children’s concepts of the organisation of the body.

The studies show that by age ten, but not by age seven or eight, the child understands
that the body contains numerous organs that function togethér in maintaining life. For
instance, the ten year-old knows something of the mechanisms by which eating and
breathing support. the body’s functioning. This knowledge is by no means perfect, and
early adolescence brings further changes in the child’s conceptualisation of these
mechanisms. Ten year-olds do not understand food is broken down into nutrients and
wastes in the course of digestion.* The nervous system is thought of in pyschological
rather than physiological terms by ten year-olds.** Nonetheless, by secondary school
age, children begin to view the body as a biological machine. They may have ideas that
the circulatory, respiratory, and digestive systems are related, and they are beginning to
conceptualise the relations between the brain and the body.

Crider has identified a progression in the child’s concept of the body. Very young
children do not distinguish between the properties of the whole body and of its
constituent parts. When the young child comes to know some internal organs, each is
assigned a static function: the heart is for love, the brain is for thinking. By eight or
nine the child has built a coherent system; the functioning of all the organs is
conceptualised in terms of the movement of tangible substances such as food, air and
blood. The organs are containers with channels of all sorts (for example, blood vessels)
connecting them. The final stages of building a metabolic and cellular understanding of
the body, with recognition of transformation of bodily substances, is achieved by a few
children, according to Crider, by the age of eleven.

Gellert showed that by eleven years old, over half the children uéed the term
‘circulation’ indicating blood flow, and referred to the heart as a pump. There was no
evidence that even the older children (sixteen year-olds) realised that blood returns to
the heart in a complete circulation. After age nine, most children recogniéed that air is
breathed into the lungs and somehow gets around the body.

Nagy found that children say that internal organs (for example the heart, stomach and
brain) are made of bones, skin, flesh and food, the same answers they gave when asked
what the whole body is made of. '

*  See Research Summary: Nutrition

** See Research Summary: Responding to the Environment

16 Rasaarch -Summary




Living Things

Caravita and Tonucci * % found that young children gave egocentric explanations for
parts of the body: ‘my hair is for washing’. By the end of primary school, they explain
the functions of organs or apparatus in terms of causal chain relationships. These
authors confirm Carey’s contention that a shift occurs naturally in children’s thinking
between the ages of 7 and nine, from a holistic, human centred view to a view which
recognises different functional parts working together. However, even older pupils have
difficulty with this integration in respect of biological structures, and further progress
depends on effective experiences and instruction. The authors point out that most
biological relationships are not at all obvious and are a construction based on abstract
knowledge.

Caravita and Tonuéei found that the respomse of children to the living world is
emotionally driven, reinforcing findings of other workers such as Paterson ¥. Dreyfus
and Jungwirth, in particular found that some strongly held alternative conceptions
derive from affective attachments, especially in disadvantaged children. Like other
workers, Caravita and Tonucci found that children do not relate muscles to meat.
Young children expressed only the static, supporting, function of the skeleton; older
children recognised that the skeleton is necessary for movement but only 20% could
draw muscles appropriately across joints. Discussion and manual experience with
models revealed better understanding than the drawings did.

Implications for teaching .

“There can be little question that animistic-like responses exist; the question which
remains unanswered is what do they mean? ® A number of authors have said that
teachers should realise that their pupils do not have the same concepts as teachers do
when they use the words ‘living’, “animal’ and ‘plant’. Having a clear concept of the .
scientific meaning of these words is essential for understanding other biological ideas.
Examples are: microbes are living things, organisms can arise only from pre-existing
living organisms, the significance of autotrophic and heterotrophic nutrition.

The opinions of researchers about how to achieve the scientific concepts are sometimes
contradictory. Arnold and Simpson, * writing in 1979, regretted that the old-fashioned
‘characteristics of life’ had been left out of modern syllabuses. *Variety’ rather than
‘unity’ of living things was stressed. They advocated bringing back the teaching of the
characteristics of living things. Beronsky, Ondraka and Williams *, in 1977, reported
that deliberate instruction on life characteristics improved the identification of living
and non-living. However, Brumby, * in 1982, noted that students had learnt the ‘seven
characteristics’ as by rote and could not apply them in classifying and operating criteria.
She suggests that rote learning of the characteristics of living things inhibit students’
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application of the concept of life to solve a real-life problem. Bell ® reached a similar
conclusion about the use of MRS GREN mnemonic. As well as teaching the
characteristics of living things it is necessary to consider the absence of these
characteristics from non-living things,

Consideration of non-examples of classes is part of the Strategy recommended by |
Trowbridge and Mintzes to develop skills of discrimination and generalisation as a

training in classification ».

Bell et al in the LISP Project in New Zealand have produced materials in the form of
games and quizzes, to specifically address the concept of living, animal and plant, and
the relationship between them. Such specific teaching has clarified the concepts and
facilitated the learning of further concepts such as ‘consumer’ ¢», (See Figure 4).

Dreyfus and Jungwirth  worked with 14-15 year-old pupils, attempting to change their
concepts of the cell membrane ijsing a ‘cognitive conflict’ strategy. At the end of the
series of lessons, they decided that this approach was not appropriate in this case. where
the pupils’ prior ideas were derived from school knowledge and not from personal
experience. The pupils have neither a commitment to their prior ideas nor access, at
their scientific level, to a correct alternative explanation. Dreyfus and Jungwirth
recommend teaching only the results and implications of the functioning of the cell

membrane, and not its biophysical and biochemical processes.
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