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WAYS OF DEALING W1TH SUBJECT MATTER ACCORDING TO
JHE STAGES OF DEVELDOPMENT OF THE CHILDREN

Preamble

This paper has two sections., The first is concerned with general principles
for dealing with subject matter. These principles have been derived from
Piaget's theory of intellectual development and apply at all stages of the
child's development, The second section deals with features of children's
thinking at each af the stages defined for the ASEP materials,

Inhelder and Piaget (1958) have dercribed the behaviours and abilities
of children with respect to logical thinking and have specified three main
stages in development - przoperational, concrete and formale The age
range of each stage has been stated, for Geneva children, as follows:

1 Sensori-motor 0=2 years
Pre-operational 3-6 years
2 Concrete 2A  T=9 years

2B 95=11 years

3 Formal 3A 11/12 - 14/15 years
3B  14/15 + years

The children for whom ASEP will produce materials fit the age groups
stated by Inhelder and Fiaget for the concrete stage (7 - 11/12 years)
and the formal stage (12 - 15+ years).

There has been little research designed to validate Piaget's findings.
on the transition from the concrete to the formal stage but the available
evidence suggests that the transition is a gradual one and takes place at

different ages for separate individuals and for different subject matter areas. }

It appears that for Australian children the age of attainment of formal
thinking could be later than that suggested by Inhelder and Piaget.

The findings of Lovell (1961) led him to conclude that the sample of

children tested by Inhelder and Piaget (1958) must have consisted of ‘'able'
children as he found that the British children tested reached formal thinking
at a later age than the Geneva children, Unpublished research on Australian
children by Page (ANU) and Dale (ACER) supports Lovell's conclusion,

Although there has bean little validatory resaarch at the cecncrete formal
transition there has been a great deal of research on the early concrete stage.
While this research has revealed some variations from Piaget's claims, in
general it has confirmed his claims rather than refuted them and has led to
strong support for Piaget's theory as a basis for curriculum development.

Although his theory has not bcan conprehens:wely tested at the concraete~formal
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Preamble

This paper has two sections. The first is concerned with general principles
for dealing with subject matter. These principles have been derived from
Piaget's theory of intellectual development and apply at all stages of the
child's development, The second section deals with features of children's
thinking at each of the stages defined for the ASEP materials,

Inhelder and Piaget (1958) have dercribed the behaviours and abilities
of children with respect to logical thinking and have specified three main
stages in development - preoperational, concrote and formal. The age
range of each stage has been stated, for Geneva children, as follows:

1 Sensori-motor 0-2 years
Pre-operational 3-6 years
2 Concrete 2A  7-9 years

2B 9=11 years

3 Formal 3A  11/12 - 14/15 yearxs
' 3B 14/15 + years

The children for whom ASEP will produce materials fit the age groups
stated by Inhelder and Fiaget for the concrzte stage (7 - 11/12 years)
and the formal stage (12 - 15+ years),

There has been little research designed to validate Piaget's findings
on the transition from the concrete to the formal stage but the available
evidence suggests that the transition is a gradual one and takas place at
different ages for separate individuals and for different subject matter areas.
It appears that for Australian children the age of attainment of formal
thinking could be later than that suggested by Inhelder and Piaget.
The findings of Lovell (1961) led him to conclude that the sample of
children tested by Inhelder and Piaget (1958) must have consisted of 'able’
children as he found that the British children tested reached formal thinking
at a later age than the Geneva children, Unpublished research on Australian
children by Page (ANU) and Dale (ACER) supports Lovell's conclusion.

Although there has been little validatory ressarch at the concrete formal
transition there has been a great deal of research on the early concrete stage.
While this research has resvealed some variations from Piaget's claims, in
general it has confirmed his claims rather than refuted them and has led to
strong support for Piaget's theory as a basis for curriculum development.
Although his theory has not been comprehensively tested at the concrete-formal
transition, the available evidence is sufficient to justify the adoption of

a working model for stage development, which can be tested during the
development of ASEP materials.

Inhelder and Piaget have distinguished two sub-stages in formal thinking.
In the first sub-stage there is systematic thinking and a large degree of
freedom from the need for 'concrete props' but formal thinking is not fully
developed until the second sub-stage which begins at about 14-15 years.
They have used as their criterion for success that 75% of a given age
group demonstrate the relevant ability. '
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In accordance with the above, it is proposed that the Project should
develop materials to suit children at three stages of development:

ASEP Stage 1 approximates to Piaget's concrete stage.

ASEP Stage 2 represents the transition between concrecte and fully
developed formal thinking and approximates to Piaget's
first sub-stage - 3h = of formal thinking.

ASEP Stage 3 approximates to Piaget's formal stage.

The Project will assume the following pattern of change, as a working
model, The figures quoted have been derived from unpublished research by
Dale,

100 100
g0
% of Stage 1 (concrete)
children
at each
stage
: ol Stag? ? 1 50
(transition)
Stage 3
(formal)
0 o
11 12 13 14 15
Age

High priority must be given to the preparation of tests for determination
of the stages of thinking of the children who will be using ASEP materials
according to the criteria described below, These tests can be used initially
to modify the model to fit existing conditions better.

GENERAL PRINCIPLES FOR DEALING WIiTH SUBJECT MATTER

The following principles have been derived from Piaget's theory of
mental development and are adapted from Ginsburg and Opper (1969).

1 New ideas and knowledage should be presented at the level of the
child's present thinking and language

The child's thought processes can be very different from those of
adults. It is not valid to generalize Trom what the adult finds
simple, Curriculum materials can be developed at a level at which
children are believed to function but the ultimate success of the
materials rests with the teacher who can observe each child,
discover his level of language and of thought and modify the child's
education experiences accordingly.

2 A_major source of learning is the activityv of the child

Children must be given the opportunity to try out things to see what
happens, manipulate things, manipulate words and symbols, pose questions,
find their own answers, compare and reconcile their findings with those
of other children.

3
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At all stages of development activity in observing and manipulating
actual objects or situationsis essential. By Stage 3 (the formal stage)
this kind of activity can be considerably reduced but it is still important
as a foundation for thinking. Purely verbal learning can lead to very
distorted or superficial ideas. Social activity, whereby children discuss
findings and opinions with others leads to understanding at the verbal
levsl and supplements physical activity. Children should be encouraged
to talk, share experiences and argue.

3 Classroom materials should be tailored to_the needs of individuals and
should present moderatelv_novel situations

Children differ greatly in their levels of thinking, their approach te
problems, their interests, anc the time taken to accomplish tasks. Interest
and learning are facilitated if the new experiences met are moderately ,
different from what is known ~ too great a difference can be discouraging o
and too small a difference lacks challenge.

4 Children should be given considerable control over their own learning

The normal child is eager to learn. He should be given a rich environment
containing many things potentially of interest. He needs a teacher who is
sensitive to his needs, who can judge what materials will challenge him, who

can provide help when he needs help and who has faith in his capacity to learn..

FEATURES OF CHILDREN'S THINKING AT EACH STAGE

The following descriptions of abilities at each stage have been derived from
Inhelder and Piaget (1958), Wallace (1965), Flavell (1963) and Lovell (1961).
In many instances there is a need for more experimental evidence to support
the statement and it will be necessary to check the validity of the statements
during the trials of the ASEP materials.

Features of thinking Comment on applications

l Need for concrete situations

' Stage 1: At Stage 1, observations should be

F Can solve problems involving directed, using actual specimens
concrete situations where and objects, and inferences drawn

[ actual objects can be observed should be closely related to
and manipulated. Judgement phenomena actually observed. At

L is based on what a situation stage 2, considerations of

g really is, rather than what it possibilities can be included but

f appears to be. Not dominated by the possibilities considered should

: perception so can, for example, tnen be presented in concrete form.

; cope with optical illusions or Lt stage 3 it is desirable that

L describe collections of objecis some concrete experience be given,

| as viewed from various directions either prior to considering abstract

; without having to actually view situations or in representation of
them from those directions, some of the possibilities considered,

' At this stage children should be

L Stage 2 able to genarate their own list of

} Can extend a little from actual possibilities in abstract situations.

situations into a consideration
of possibilities.,
Fall short of consideration of

f all possibilities in very abstract
situations.

4 ceeeenedd




Features of thinking

Comment on applications
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(contd.)

Stage 3

Not tied to concrete situations

- can solve theoretical or
abstract problems by manipulating
words and/or symbols. Judgement
takes into account all possible
situations, not just what can

be observed and manipulated,
Reality is just a subeset of
possibility

Desire to completelv solve a
problem

Stage 1
Do not seek to completely

solve a problem for the sake

of obtaining a complete
explanation or solution but can
often solve a concrete problem

by trial and error if required

to do so. Often satisfied with
causal explanations, Can explain
in terms of scientific causality.
S5eldom revert to mystical or
animist’c explanations.

Stage 2

Seek explanations that satisfy
findings but do not persist with
the search for all possible
combinations of variables in
order to establish a necessaxy
relationship. Confidence in
validity of deductions not

fully established.

Stgge 3

Seek to establish a necessarxy
relationship and a complete
explanation by examining all
possible relationships.
Completely confident in validity
of deductions,

Abilitv _to isolate varigbles
and test them systematically

Stage 1

Can eliminate simple contradict-
ions in explanations but have
difficulty in finding elements
common to several relationships
or situations. Can isolate

some of the variables present

in a problem situation but have
difficulty in separating relevant
from irrelevant information,

At stages 1 and 2 the problems to
be investigated will usually have
be stated for the children or
specific guidance will need to be
given, Similarly they will need
guidance in checking the adequacy
and validity of conclusions drawn
from attempts to solve a problem,

At stage 1 systematic construction
and testing of possibilities should
not be expected of children but

they should be able to eliminate
contradictory explanations.

At stages 1 and Z help will have to
be given to enable children to test

all possibilities and to realize that

they have done so. Assistance in
identifying relevant variables will
be necessary.

i s




Features of thinking

Comment on epplications

(contd.)

Stage 2

Can isolate variables present and
seperate relevant from irrelevant
information by testing

systematically. liay not test all
possible relevant combinations.
Stage 3

Can isolate variables and test
systematically using all possible
combinations as far as is necessary
to establish a proof.

Ability to control unwanted variables

Stage 1

hen attempting to find a solution
tend to consider one factor at the
time and ignore all others i.e.
deal with variables by eliminating
or ignoring them, rather than by
neutralizing (controlling) them
(i.e. by use of scientific control
procedures).

Stage 2

Vhen attempting to find a solution,
fluctuate between elimination of
unwanted variables and control by
neutralization.

Stage 3

then attempting to find a solution,
control irrelevant oxr unvanted
variables by neutralizing them i.e.
by holding them constant.

Ability to develop rules and
procedures and models

Stage 1

Can carry out activities using
specified procedures, rules or
techniques in handling actual objects
or situations. Can devise own
procedures, etc. but limited to
concrete situations. Can develop
and use concrete models.

Stage 2

Can extend the use of procedures
beyond the range of situations that
can be experienced but are still
dependent on concrete situations to

some extent. Can develop models but
are tied to reality.

hta A1

Stage 2 is the carliest stagc at wnich
some understanding of the use of
scientific control of unwanted
variables can be expected ond, hence,
is the earliest stege at which this
procedure should be introduced. It is
unlikely that childrexn at stage 2 will
be able to desiga their own =xXperiments

making use of conirol procedvres, unless
23

they do this by following a set of
rules (see 5 below).

Instructions at stage 1 should be
clearly stated and involve concrete
situations. Abstract models can be
introduced at stage 2 but it is
unlikely that children will be able to
develop their owm models bcfore

stage 3.

9036

. = famat
s I T i, St b e R Iiance SESRERERTREVY




Features of thinking

Comment on applications

A&7}

(contd.)

Stage 3

Can develop ovwn rules and procedures,
for use in concrete and abstract
situations. Can understund and
develop theoretical models.

Ability to classify information

Stage 1
Can classify into various

categories. Can classify the same
objects in different ways
successively and can form a
hierarchical classification system
i.e. classify in several categories
simultaneously.

Ability to establish series

Stage 1
Can rank in series, can interpolate

within the series and exztrapolate
beyond it within the limits of
real situations.

Ability to gstablish relationships
between variables
(i.e. handle proportion)

Stage 1
Can establish relationships

between two series, involving direct

‘variation with two variables only

and in concrete situations.

Stage 2 :
Can establigh relationships

between two variables, involving
inverse varigtion. Dlay be able to
relate three variables in concrete
situations. e.ge dof

v

Stage 3

Can establish relajionships

between three or four variables e.g.
discover the rule for balancing a
rod by changing the weight or its
distance from the pivot and on

-either side of the pivot.

Ability to deal wit
and correlation

Stage 1

Accept chance fluctuationg and
endeavour to search for cpuses.

Can set boundaries for the
fluctuations but may not realize that
they are distributed approximately
according to a normal dis$ribution
curve. '

robabilit

Classificatory procedures can be
used from Stage 1 onwards.

Ranking, interpolation and
extrapolation at stage 1 should be
linited to concrete situations.

The abilities listed should be

taken into account when dealing with
the types of relationship concerned.
An attempt should be made to check the
extent to which this categorization

of abilities is accurate.

This categorization of abilities should
be taken intoc account where

statistical interpretation of data is
required. It sets a lower limit for
introduction of some ideas.

v o]
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Features of thinking

Comment on applications

(contd.)

Stage 2
Realize qualitatively that chance

fluctuations are approximately
normally distributed. Endeavour to
egtablish relationships in terms of
confirming cases and express as a
probability i.e. confirming, rather
than a total cases correlation.

Stage 3

Establish correlations by relating
the confirming cases to the non-
confirming and to the total number

of cases i.e. confirming - non-
confirming total

10 Understanding of number and
1easurement

Stage 1

Understand number and can perform
simple calculations with under-
standing.

Understand the use of units in
measurement and can devise own
simple units.

11 Ability to specify position

Stage 1
Understand horizontal and vertical

e.g. can drav water surfacez in
containers.

Can use and understand two
perpendicular axes to locate points.
Can understand direction and can
read two-dimensional plans and maps.

Stage 2
Can use three-dimensional axes in

concrete situations and can
interpret three-~-dimensional concrete
solids.

Stage 3

Can handle abstract applications of
specification of position e.g.

in dealing with three-dimensional
mathematical problems.

12 Understanding of area and volume

Stage 1

Understand area and its constancy in
three-dimensional situations e.g.

if a rectangle is made into a
hollow cylinder.

Dc not comprehend volume i.e. do

not realize its constancy when
dimensions are changed e.g. vhen
liquid is poured into a narrower

vessel. 8 = ”I

Activities involving number and
measurement can be introduced early
into stage 1 materials.

It is suggested that three-dimensional
specification of position can be
introduced in stage 2 materials but it
must be associated with concrete
representation. (Some check should be
made that this in fact can be done at
stage 2.)




Features of thinking

Comment on applications

12

13

14

15

(contd.)

Stage 2
Understand interior volume i.e.

realize constancy of volume of
liquids and plastic substances
despite perceptual dimension
changes. Can calculate interior
volume with understanding.

Stage 3

Understand displacement volume i.e.
realize a solid displaces an equal
volume of liquid.

Understanding of density

Stage 1

Do not understand density. Realize
that there is a difference which is
related to weight and size in some
wvay but cannot explain it.

Stage 2

Have some understanding of density

in the form D = m and in relation
v

to concrete situations.

Stage 3

Understand density fully, in the
form of a specific gravity
relationship and can calculate with
understanding.

Understanding of weight

Stage 1
Realize the constancy of weight

vhere matter is conserved. Some
children may revert to non-
conservation in the face of
apparently conflicting evidence.

Stage 2
Fully understand conservation of
veight.,

Understanding of time and time
intervals

Stage 1

Can measure time intervals.
Understand intervals up to a year
but have inadequate grasp of longer
intervals. Little understanding
of continuity of time. Under
estimate time intervals longer
than seconds.

Stage 2
Better grasp of more abstract time

words e.g. recent, eternal, B.C.

Under estinate t ntervgls. Sonme
understan 1ng of historion

sequences (time 11nes .

The abilities listed refer to changes
in volume of solids and liquids.

It is not known how students react to
changes in volume of gases under
pressure or during chemical generation
of gases. It is recommended that
varied concrete experience of the
latter situations be provided before
abstract situations are considered.
Abstract situations should mot be
dealt with before stage 3.

Density is a stage 2 concept and
should not be dealt with in detail
before then. Even at stage 2,
experience in handling materials of
different densities should be given.

Conservation of weight can be
introduced early but before stage 2
there could be problems in the case of
generation of a gas.

Bstimation of time intervals is not
eesy for children. Devices or
instruments for measuring time should
be used. Consideration of longer time
intervals and sequences is better left
to later stages.

Periodicity is probably a stage 3
concept.

9
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Features of thinking Comment on applications

15 (contd.)

Stage 3
Understand historical time, dates,
chronological sequences.

16 Understanding of speed

Stage 1
Understand speed and velocity.

THE EXTENT TO WHICH ATTENPTS SHOULD BE MADE TO EXPEDITE
THE DEVLLOPHMENT OF THE CHILD FROI STAGE 1 TO STAGE 3

The available evidence suggests that it is possible to expedite development

within rather narrov limits. The provision of experience and practice of certain
kinds has been successful with children regarded as already close to the

transition from one stage to the next. Dxplanation of and experience in the use

of the type of lcgical reasoning involved in a given situation has had some success
in facilitating development in the particular ability concerned.

It is suggested that, while the type of experiences provided in ASEP materials
may assist in the development of some children through the stages described, the
Project should not set out to deliberately devise experiences to facilitate
development through the stages.
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ASEP

THE STRUCTURE CF A YT IC.L UNIT

In the following, the terms core, core=developuent and resecarch activities
#ill be used for want of better terms. These will be replacad as soon as
better terme have been found. Suggections for more neaningtul headings
are very valcone.

Many units will con:ist of a core of work to be covorcd by all studente
which leads to o tentative generalization or gives practico in certain
skills.

The average student should not necd imore than five periodc (40 mins.)

to cover the core activities which contain the basic informatiion and
facilitatory tcechniques which guide students to carry out investigations
efficiontly. The core will be followed by core devclopmert activitios.

Remedial activities cin be used to asusure that the core has been
internalized by all students. At the othur end of the spectrum

of activities cvery effort nust b.. made to wncourage and extend gifted
children.

The core development activities ars to be considered at least as
important as the core mataricl) ard are integral to the learning
exnerience. They are not there just to occupy the time of the bright
child. Every student should exjerience some of the ontional activities,
which should include new, interesting and open-znded inventigations.,

The additionsl work cen be considered in three main categories:
Remedial ard nreparatorv activities to aviist students to become fully

oncrational nermbers of their peer group by supilying additional
information and onportunitics to practice skills.

Core devolgnyent activitics to broaden experience within the range
cf seneralizations and techniques «lready prescntcd or to allow
study in greater depth of guneralizations, etec. already presented.

Some of these activities will extend the range of generaliszations
and techniques beyond that :.resented in the core. ‘

Regearch activities which arc always open=-ended. No guidance beyond
the initial idea to be Tollowed up will bo given. Occacionally the
resaarch could be completely initicted by the student.

Tentatively, a duration of nine periods is anticipated for cor: developments,

nnd three periods for the start of research activities which may well bo
carried on in the students out-of-school time.

Thrae wneriods may be necded for tests and remedial activitier. These
total to 20 (40 min.) periods i.e. about 4=5 woeks of teaching tinme.
It ig likely that some units will be shorter, about two weeks, others
longer.
7

A plan that vuvit wu rulrowsd is represented by the following diagran:
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8 The introduction should be brief. It could bo exnorition by thu tcucher,
f£ilr, picrure, niwspapor articlye, ote. ducisred to c..ich att.ntion «nd
provide background for the core siudicu.

9  Sub=urit. (servicc units) arc uninly inteinded to coiwoy conceptls ard
privciplos, which arce nocessary preeroguisites for norc thar one unit. i
The projoct rolicy ¢f counlute flexdibility and freedon of choldce orecludes :
the certaj:ty thet any oru plven aren of kaovledge will have bacen Ycoverud! ‘
by all sivdents at ony ond¢ particular tine. If & tcachir is avare of such
a duficicvacy & cubsunit can be used o introduc:iion to the corc of the :iain
unit. Altornatively, tueting nrior to wtarting on the coru of a upit will
reve-l a lack cf Jmovledge of wow ttudents ard a sub=urit con then be
uacd Ao a proelininary ronedinl cetivity,

10  Althowrh rany unite will be strvctured followxins thu above plur,
others +1)1 rot lund thanudlves te thin iothod of truatnont and
4111 cont:in fow optiors ~ad an .xterdod 'dore'.

11  The outconus of the disgnoctiic revdincn: turt, vhich reveuls how nuch
of the vork coverad by the urit in ¢lresdy knowr by the student, can he
used to dircet the studont

11,1 to further nremaritiorn to niiku the student roudy
s for thu wori- {0 be covared, followed by the eore,

11.2 directly to tho core,
11.3 in somo cuL.oen byevcds ing the core, to core dov:lormoent

12 The diaguoniic test at the e¢nd of the core eun bo usud to direct

) students oither to core dovelorment or renasdiul activitiesn,
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The introduction should be bricef. 1t could be exporition by the tcacher,
£ilr, picwure, ncunpapor articls, cte. dusigmed to citeh att-ntion wnd
provide background for the core siudicu.

Sub=unit.. (sorvice units) arce asinly intended to coivey concupts ard
priveiplon, which arc noecssary preeroauisites for more thar one unit.

Thu projoct rolicy of couplote fluxibility and frecdom of choice pricludes
the certaizty thet any one pglvon area of kiaowledge will have becn ‘covercd'
by all sivdents at ony orc particular tine. If & tcachur je avare of such
a dufieciciey & cub=unit eun Ye uwscd w9 introduction to the corc of the ain
urit. Altornatively, testing »rior to starting on the corv of a upit will
rove-l a lack cf kpowledge of oo students ard a sub-unit cen then be

uscd no a prolininary renedial cetivity,

Althowrsh rany units #ill be structured following the above plar,
otherse will rot lund thenuclves to thin wethod of treatnont and
43111 cont:in few options aad an .xtended 'éore'.

The outcones of the diszmociie reudinens turt, vhich revculs how ruch
of ithe vork covered br the urit is «lrceady knowr by the student, can he
ugsad to dircet the student

11,1 to furthcr nreorarciion to nike the student recdy
for the worl¥ to be coverud, followed by thoe core,

11,2 dircctly lo the core,
11,3 in some cuiien by-wcasing the core, to core devaelopment

The diagnostic test at the ¢nd of the cors cun be used to dircet
students ocither to core devalorment or renadiul activitices.

RESDRIAL AGD PRU;ARATORY ACTIVITINS

The aecvd for remcdicl or pruvtratory activity should be divgrosed by
yery care ully desigrod tecic whieh are given froquently aid which nust
bu used for anscurmurt purposcs. Thesu tusts could be of threc tynes.
purp

13,1 Pocucil and popor tests which are self-scorine nnd with gach
droig anever oo rovedial aetivity ~hould be vuggusted (e.g.
FSiC tuats and pids). This will ensure that o Lairly large
proportion of a claa: will he invelved in such netivitien
and liwrce niainigy the sonsu of f-ilure for soric,

15,2 Practicil tests corsi-ting in 'handling' of cquipment vhich
iz obuerved und raiced by thi teachur or & otudent who then
indicaten th. tynoe of runcdy.

1.3 Cogritive profurunce itume. Children who opt for thuory
nay be directed to experiswental work and viee versa.

Ronodinl activitiva will bo nuinly rcceueary in thocu enuva whero

13
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14,1 inportent {twchniques, which are cuasential to later activities
or units have to bu acguired, w.e. siuwple vathenatical sliills
such ag proportionality, power of tun notation, interprotation
of graphs or munipulative skills such ay using a microscoye.

14,2 constiucts have to be conceptuclized to meke further worl
meanirgful, such as conscrvation of Mass, Mendelian
inhoritance, honeostaniu.

Rxagnlon of remedial activitics

15 Linear =~rogrmiwe on =n»ucific knowledgoe
Programmed instructions on wrociicel technigues
Mothermaticenl exanples of incrcosing difficulty
Instructions for ruading corthin information
Instructions for carryings out directed obmervations
YWord' ganoes
Film loops
kote: Whatever the activity, no eunct roplica of previous work
should occur,

D
16 Dezirable feaiurcs of such activities
16,1 malte good use of non=verbal illustrations
16,2 cun be earily understood by the studernts concerned
16.3 short but effeciive
16.4 rnust be casily accemuible to students
16,5 intorceting aud attrvaciive,
\ Rescerch Activities

17 Suggestions for such activities (not in any specific ordor):

17.1 Improve & given picce of equipnent c.g. nake a botter
nicro=hilancc.

17.2 Design and construct a working :odel e.g. build a crystal
gset or a Galilcar telcscope.

173 Desigen an experiaent to test a hypothesis c¢.g. dous a drop
of cold water scttle turkish coffee.

17.4 Obrerve ard record chunges in plarntsover a long tine.
17.5 Obzerve 2nd record the behaviour of a net or wild animal(s).

17.6 Renroduce a "clagwic exmerinent", ¢.g. Benjanin Franklin's
'Leyden' jar ard chinoes, Oecrsteds expt.

17.7 Study one cxcmple of controversy in the history of
developrert of ideas and act it out as a scene c.g.
a neeting betwoun Priestloy and Lavoisier, or give
a lecture 4 l& Ruiford, hummering thin lead toil
rather than boring cannons; or write a 'playlet' which
shows the work of a acicantist against the contemporary
biackground e.g. yellovw fever and the Panama canal.

17.8 Plan and conduct a survey of technical applications
of a scientific principle c.ge. transistors.

17.9 Completely free end supggested by students, as long as
there is a conneetion with the topic under discugsion.

17.10 Read nbout the developaent of idees, work of scientists, otc.

17.11 A group is responsible for 'Science News( scrap book,
swmaries or procis of articles road.

17,12 Linked with othar subject areas.
gatur ricats

18 Provided ‘he choice of activities iz sufficiuntly large, students can
follow thuir mreferences and theroby be atrongly motiveted to explore
natericls as woll ag the use of librarius end othur recources. To

o facilitate choice by studunts, each activity should be clezrly desciibed
ERIC in a dotailed woy, and ap index should indicate the evailablo choicea,

Coro Deve!
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27

Groun work is encouraged, where co-operation between the highly
intelligent and the dexterous, but not so intelligent, child may
produce mutual respect.

By croszing subject boundaries the esscntial unity of all human
endeavour can be shown.

Notes on the writing of backeround msterials in particular, the
history of science.

Background booklets for the use of students and teachers will have
to be written for some of these activities and reference l1ist aus$
be supplied. The teacher must be given sufficient confidence to
admit thet he does not know everything and has to 'find out' himself
or ask the student to do so.

Where-ever possible, intgresting and/or anusing anecdotes should be
included into biographical sketches, which should stress that "Scientists
are pcople". Biographies per sc¢ arec usually boring, and children will
not read them.

Theories and discoveries should be presented against a back=-ground
of contemporary thinking, e¢.g. Kepler was an Astrologer, his mother
accused of witcheraft, or, the popularity of weightless fluids -
czlories, phlogiston, so that the magnitude of progress can be seen.

In genercl, descriptions should be incorporated into the appropriate
unit, e.g. electrolysis - extraction of rowme metals, story of
clectrolysis. Occasionally it may be poscible to duplicate a
classic experiment, e.g. Ocrsted's expt.

A list of books and magazine articles chould go with the units

a) to be recad by intercsted students, who then report to the class
b) to be rcad by the tecacher who can tcll the "story" to the class
e.g. Science Study Serics: Pasteur, Ruaford, Faraday, Stories from
Science, Nuffield books, Asinov's books.,

Some background books may have to be writton, consistent with
ASEP aims, with unobstructive emphasis on the attitudes which we
want to develop, c.g. to show that preconception hinders progress.

Articles from currcnt magazines, such as 'Scientific American',
should be rewrittem in sinplified language.
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ASEP 28
DEV/LD/BH
28 July 1970
CONTENTS OF TEACHER'S GUIWES (FIRST TRAILS] :

This document should be read in conjunction with 'Recommendations
for Te.cher's Guides', GER/LD/VK, 17 April 1970.

The approach adopted should be one of suggesting wsys in which the
unit or parts of the unit can be hundled in the classroom rather
than prescribing ways in which it should be done.

The use of a persenal approach by the use of 'you' and 'we'! rather
than an impcrsonal one, e.g. such and such can be done, is the
decision of the developer, at this stage. It may Le advisable to
adopt one approach oz th: other fer sccond Trisl meteri.ls.

Each teacher's guide should contain the following information, in
the following sequence.

Statements of the recommended

4,1 stage of development of children using the unit.

4,2 rexding wge (or level) of children using the unit.

4.3 duratiovn, in 40 minute periods, of the unit. A separation
of duration of 'core' from duration of the whole unit could
bhe useful to teachers.

4.4 preparation time neceded by teachers.

4.5 place in the course of study, in terms of pre-requisites
and possible follow=-up.

4.6 time of the yesr when the unit should be used.

A statem.nt of the cveneral purposes of the unit. This should be

short but suificient to give teachers a guod indication of what

the unit is about. Letailed objectives should not be given here

but can be listed in Appendix I, to which attention should be
drawne

Where it is felt desiruble that an explanation of the science
involved in the unit be provided for teachers with inadeoquate
science background in that particular axea, such explanations
should be given in Appendix 2. Attention to Appendix 2 should
biz drawn by a note following the purposes.

A diagrammatic representation of the various perts of the unit
and how students might work through them.

A list of all equipment and materials needed for the unit.

This list should include numbers required of esch type and, for
equipment and materials not normally available in schools,
sources of supply and approximate cost.

Immediately following the list of equipment and materials,
instructions for making equipment or reagents or preparing
materials, together with suggested precautions for storage and
handling of certain hazardous items.

A list of audio visuals useful in using the unit. Catalogue
numbers and sources should be shown.

A list of references appropriate to the unit. Approved style
should be used.

16
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Comments, hints and instructions of use to teachwrs using the
unite. Such items th:t would be known to maony teachers but
useful to a few should be placed in an appendix to which
attention should be drawn. Some items should be placed
asdjacent to relsvant student materials rather than in a
scparate teccher's guide booklet.

Answers to questions asked in the text, sample collections of
data and similar items to assist teachers. As for comments,
etc., some of these items should be placed adjucent to relevant
student materials.

The above points are stated in the interests of consistency

among teacher's guides rather than a@s prescription or rcstriction
on what might be included. It is desirsble that a teacher's
guide be adapted to suit the unit for which it is written and
that it be, first and foremost, a useful document for teachers.

A balance must be maintained betwcen brevity (teachers do not
have time to read lengthy descriptions) and clarity (not so
brief that it is difficult to follow). To this end, material
that could be useful but does not appear to be essential for
the majority of teaschers should be placed in the appendix.

R
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Document 10 3‘
DEV/LEH/PC
17 January 1972

Australian Science Education Project

UNITS TO BE DEVELCPED

The following list has been prepared for general information.
The number of units is the number that can be developed within
the limits of the available time and resources.

The outlines given indicate the general scope of each unit.
More specific information can be obtained from the unit
specification and/or the trial version. The key below indicates
the extent of development of each unit.

y

x 1st Specification only
xx 1st & 2nd Specification only
xxx 1st, 2nd Specification, 1st trial version
X XXX " " " » and National trial

version,.

STAGE I UNITS (essentially Grades 7-8)

101 Messengers (xxxx)

Information is gained about our environment by reception
through the senses., Information is received by observation of
changes and by interactions with the environment. The extent
and reliability of the information are limited by the
sensitivity of our senses and our interpretation of our
observations.

102 Mice and Men (xxxx)

Students are entrusted with the care of mice. By
investigating mice they learn some of the defining characteristics
of mammals and become aware of the similarities between humans
and mammals, particularly mice. Observations are made of growth
patterns, reproduction, food requirements and preferences, and
behaviour.,

103 SCIENCE AND SAFETY (xxxx)

A science room can have hazards which are not normally a
part of the students' experience. These hazards are investigated
and ways of minimising them are discussed and practiced.

-

Some techniques for using apparatus are given. The options
are designed to make students aware of the dangers which they
r can meet in everyday life.

The students are encouraged to become safety conscious and
it is hoped that sensible precautions will be taken in all their
activities.

. 104 CELLS, THE UNITS OF LIFE (xxxx)

Cells from a variety of plant and animal tissues are prepared
and examined microscopically. Cells are considered as living
units in which chemical reactions take place. Growth in living
| things is related to growth and division of cells. Models of
k Q cells and tissues are made.,

/2




105 SOIL (xxxx)

Students examine a soil sample in order to see that soil
is a mixture of living organisms, decaying organic matter, air,
water and minerals. 5o0il forming influences are studied briefly
and the importance of soil in relation to food production is
dealt with. Some attention is given to soil conservation, the
use of clays and other constituents of foundations.

106 MALES_AND FEMALES (xxx)

This unit has been written to help students learn about
human sexuality and reproduction by: teaching them some words
they can use to describe sexual organs and functions; and
explaining the basic ideas of fertilization, parental care, and
the reproductive cycle. Information on reproduction in other
organisms is provided in the options.

107 PIGMENTS AND ACIDITY (xxx)

This unit introduces students to the phenomena of acidity
and its detection with plant and synthetic dyes. Dyss are also §
used in chromatography and fabric dyeing. The options emphasize :
the importance of acidity in the environment.

|
108 PUSHES AND PULLS (xxxx) {
|

This unit is a modification of the ISCS treatment of forcee. !
The unit aims to introduce students to the range of forces acting i
in the environment -~ their detection and measurement.

 — ap——— e

Members of groups interact non-verbally and these interactions ‘
are important in establishing relationships between group members I
and in determining the group structure. Non=-verbal communication |
includes facial expressions, gestures and combinations of these.

110 MADE TO MEASURE (xxx)

The unit aims to make the student aware of the many situations
where measurement is important either for communication or for
clarifying observations. Some attention is given to the problems
and limitations of measurement.

111 ELECTRIC CIRCUITS (xxx)

The unit aims to introduce children to electrical circuitry.
Particular attention is paid to safety. Options deal with the
applications of circuitry in the environment, and some of the
history of man‘s knowledge of electricity.

112 LITTLE BOXES (xxxx)

One aspect of man's adaptation to his environment, namely
the almost universal and age-long practise of obtaining shelter,
is studied in this unit. Man's need for protection, warmth,
insulation, light, space and privacy are noted, and opportunity
is provided for studying how houses and urban areas can be
designed to supply these requirements. Attention is also given to
the development and testing of construction materials and the
production and utilization of commonly available materials.
Opportunity is also provided for investigating urbanization,
garbage production and disposal.

113 PLANTS (xxxx)

This unit is an investigation of the diversity of plant
types and how the variety of plants changes from one locality to
another. tudents are encouraged to grow their own plants at
school and study the different groups of plants. These
observations provide the basis for the options




114 MINERALS AND CRYSTALS (xxx)

Crystals are grown in the laboratory and their properties
are compared with the properties of common rock forming minerals.
Students see that crystalline rocks are agglomerations of minerals.
The unit concludes with students studying the Australian mineral
industry, gem minerals, minerals with unusual properties etc.

115 WATER (xxxx)

The unit examines the widespread existence of water in nature.
The dissolving power and chemical reactivity of water are studied
together with several physical propexties. Options are keyed to
the hydrological cycle and are designed to illustrate the
various components of the cycle, including mals use of water.
Emphasis is given to Australia's use of water resources.

116 ROCKS FROM _SEDIMENTS (xxxx)

The core theme is ‘'erosion and levelling of the land', which
leads to a study of weathering, transportation, deposition and
formation of clastic sedimentary rocks. The unit concludes with
options on weathering,rates of erosion, the formation and use of
other types of sedimentary rocks such as; bhalite, gypsum,
limestone, coal and phosphate rock. -

117 ENERGY AND_ CHANGE (xxxx)

Students become aware that the process of change is
accompanied by the transfer of energy. In the options students
investigate a number of these energy converters.

118 INSECTS (x)

A study of the life cycle of one species of insect (or other
arthropod). Stages of growth, metamorphosis, response to stimuli,
reproduction, social behaviour. No particular type of organism :
has yet been selected but those under consideration as suitable
for classroom use are: grasshopper, ant, termite, fly, mosquito,
field cricket, earwig, cockroach, slater (wood-louse¥

119 THE SCIENTISTS (xxxx)

This is a brief introductory unit designed to answer the
question -'What is a scientist?!

STAGE II_UNITS (essentially Grades B<9)
209 MICROBES AND MAN (xxxx)

Man and microbes are interdependent. This concept of
interdependence is developed through activities in which students
observe the cyclic processes of growth and decay resulting from
microbial action. Students make bread, yogurt or cider, preserve
foods, and observe the effect of decomposers (largely bacteria)
on organic and inorganic materials. The potentially harmful
effects of some microbes is considered from an historic view
point, and the need for elementary hygiene is also considered.

202 STICKING TOGETHER (xxxx)

The unit examines the attractive force that exist in materials,
Through activity students are led to formulate a particle model
in which the particles experience inter-particle attractive forces.
The importance of these forces is examined in processes such as
detergency, solution and lubrication.

203 LIGHT FORMS_IMAGES (xxxx)

Students investigate the nature of images formed by light.
Extensions include the photographic process, and a number of
optical instruments,
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204 MAKING LIFE EASIER (x)

In this unit simple machines are constructed and examined.
Efficiences are considered and the idea of energy transfer
(powor train) is developed. Complex machines are looked at to
discern simple machines.

205 SKIN AND CLOTHES (xxxx)

The unit examines some physiclogical aspects of skin, and
how these are affected by clothinge This leads to an examination
of the physical properties of clothing materials, and the areas
where the functions of skin and clothes overlap. Some consider-
ation is also given to the distinction between the psychological
and sociological aspects of clothing.

206 ENERGY FOR LIFE (xxxx)

The essential idea of the unit is that food is used for
growth and, by the process of respiration, for energy release.
Options deal with measuring the energy value of foods; testing
various foods (qualitatively) for major nutriants; the immediate
source of energy for muscular contraction; the role of enzymes
in digestion; absorption and transport of nutrients; the functian
of the heart and the effect of exercise on cardiac activity;
anaerobic respiration in plants and man; breathing and gaseous
exchange; the necessity for a balanced diet; temperature regulat-
ion in man and other homeotherms; and cbesitye.

207 DIGGING UP EVIDENCE (xxxx)

Sequences of stratified rocks form a book, which projects
the reader back in time. Studenis by comparing fossils vertically
and horizontally in strategraphic columns learn to appreciate the
gradual evolution of lifee The unit also introduces the geologic
time scale.

208 LIFE IN FRESHUATER (xxxx)

The students learn about the great variety of living things
in freshwater and their interdependence., An excursion to
freshwater is recommended. The students set up aquariums,
raise microscopic animals, investigate freshwater life further,
and learn about pollution and sewage treatment.

209 AUSTRALIAN LANDSCAPES (xxxx)

This unit takes students on a tour of Australia. It examines
by means of experiments, photographs and maps 'the forces below
and forces above' which have shaped and sculptured Australia's
land surfaces, as well as the flora and fauna which grace them,
Landscapes studied include mountain regions, karst topographies,
desert landscapes and landscapes carved in layered rocks.

Resource management and consexvation are two issues referred to
in the unit.

210 AUSTRALIAN SEASHORES (xxxx)

This unit studies the work of <the sea on the coast by
initially studying the reflection and refraction of water waves
by objects placed in a ripple tanke. Students deduce the events
in the evolution of an embayed coast. The delicate balance
which exists between organisms and their environment is explored.
Man's interaction with the coast is examined with respect to
exploitation of mineral deposits and the need for conservation.

211 WINDS AND WEATHER (x)

Differences in absorption of radiant energy by air, land
and sea leads to the setting up of atmospheric convection
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currents. Simple experiments show that decreasing pressure

and decreasing temperature cause moisture in the air to form
droplets of water around objects such as dust particles and

salt crystals. Satellite cloud formation photographs are studied
to predict the weather.

212 THE EARTH (xxxx)

This unit gives students a broad knowledge of the earth.
Students are told that man has not been to the centre of the
earth but that he has been able to obtain information about
the centre of the earth by studying volcanoces, earthquake waves
etc. Students study continental drift, the earth's magnetism,
the formation of igneous rocks etc. in the options.

293 MODELS (xxxx)

Through the use of a simple concrete model this unit develops
an understanding of: the usefulness and limitation of a model;
the existence of atoms and a discrete number of elements and
how a large variety of molecules can be assembled Trom a limited
number of elementary atoms.

214 CHARGE (xxxx)

This unit establishes the dual nature of electric charge
and the nature of the interaction between electrostatically
charged bodies. The existence of charges in solution is also

observed and related activitiec include charge migration and
dischargz.

215 GIVE AND TAKE (x)

Students study the interaction of two magnetic fields,
leading to the making of a simple motor. Options include
electro~-magnets; Oersted's experiment in its historical context,
efficiency of a small motor in hauling up small loads. Bicycle
dynamo following the chain of energy transfer. Generation
on the large scale, including steam turbines (gualitatively).

216 SPREADING FORCE (x)

Pressure of solids and liquids (blood pressure, the heart
as pump). Gas pressure and a kinetic model are an option for
the better students. Buoyancy without a formal statement of
Archimedes' principle. Liquids in motion. Stream lines.

217 SUPPORTING STRUCTURES

The strength of a structure depends on the arrangement of
the constituent particles and on the magnitude of the forces
between the particles. The core studies the conditions
necessary for attainments of static equilibrium, while core
developments examine a variety of structures to see what
forces keep them in equilibrium. Structures studied include
the human skeleton, building frames and bridges.

218 THE_STORY OF DIL (xxxx)

This unit deals with the o0il exploration, mining and
refining, and the options examine the use of petroleum
products in the modern world. Some attention is also paid to
the problem of pollution.
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STAGE III UNITS (essentially Grades 9-10)
301 HOW MANY _PEOPLE? (xxxx)

The unit begins with student activities designud to make
them aware of some of the changes to the environment which can
occur as the result of individual action. Then follow activities
and discussion which suggests that the more people there are the :
greater the changes which are likely to occur. N

This leads to an invzstigation of populations and some of
the factors which control population size.

Optional material deals with populations of micro-organisms;
a case study of the red kangaroo; a comparison of city life with
country life; world population growth; anopiniom poll on what ;
peaple consider to be the optimum size of a family followed by
a discussion of some ways by which people may control the size
of their families; and activities and suggestions designed to
make the students aware of what they can do as individuals to
minimise environmental pollution and the non-cycling of matter. |

Much of the unit depends upon discussion based upon the
fundamental fact that population size is determined by births, ;
deaths, in-migration and out-migration. \

302 TRAFFIC (xxxx)

People spend a considerable part of their time in vehicular
or pedestrian traffic. The systematic study of traffic flow is
based upon measurements, many of which students can make and
analyse for themselves. Students can then investigate problems
such as the effect of stopping distance on accident rates,

safety features, collisions, queuss, frictional force, intersections
etc.

303 THE HUMAN MACHINE (xxxx)

The human body is compared with an artificial machine to
establish the relationship between energy input and output as
measured by energy value of food ingested and oxygen consumcd.
The range of individual differences of such parameters as
muscular strength, po. 2r output, physiological response to
physical exertion, stamina, sleep requirements, reaction time
and perceptual acuity, is stressed. Options deal with sex
differences in physical performance; change in fitness with
age; design of machines, furniture, work benches and physical
tasks in relation to muscular fatigue; design of instruments and
controls; functicnal design of clothing, including footwear; :
causes and treatment of injuries of muscles and joints; the ;
effects of drugs on the nervous system; effects of pollutants
(including cigarette smoke) on lung efficiency, sensory
deprivation and sensory overload,

A

304 GENETICS (xxxx)

After examining some inherited differences between themselves
and others, students investigate the fundamental mechanism of
innheritance as illustrated by a monohybrid mice cross. Options are
concerned with intermediate and polygenic inheritances; individual
uniqueness; sex determination and sex linkage; interaction between
heredity and environment (as illustrated by twin studies);
inherited diseases; mutation and mutagens; and the value of
pedigrees in analyzing inheritance. Social implications are
mentioned where appropriate.

305 BIG MOLECULES (x)

Simple carbon chemistry leading from simple molecules to
macro-molecules. The development of the unit involves such

ERiC‘ ideas as chemical stability, electrical and thermal insulation,
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and polymerizetion, Techniques such ss extrusion, welding,
moulding, and casting aru discussed. The production, and uscs
(including mis~uses) of a large number of polymers aro considered.

306 METALS_IN THE SERVICE_OF _MAN (x)

Man's use of raw materials. A number of important metals
are considered .n tzrms of source, mining, extraction; properties
and usas. Topics discussed include redox reactions and eleciro-
plating, metallic oxids and ceramics, alloys and maetals for
construction, crystal structure, electrical properties including
semi-conductocrs. The unit also present an opportunity for
discussion of some of the problems of ecological balance and
pollution,

307 SOLAR ENERGY (x)

This unit examines 'where the earth's energy comes from'
and the balance of enerqgy at the top and base of the earth's
atmosphere. The insulatory function of the atmosphere is
studicd as is the effect of pollutants, atmospheric gases and
clouds on the energy balance. Studentsare introduced to a brief
study of absorption spectroscopy.

308 WHERE HUMANS_COME FROM (xxxx)

The unit is designed to encourage students to seek evidence
in an attempt to solve the pzoblem of the origin of humans
about which it is impossible to be conclusive.

Four possible explanations are outlined
. creatian
~ evolution
» Spontaneous generatiaon
. influence or habitation by extra-terrestrial beings.

A starter kit of reference books, pamphlets, magazines and
suggested practical activities is supplied with the unit and no
attempt is made to evaluate the different explanations. This is
left for the students to do in the light of the evidence which they
can obtain. Indeed it would be possible for them to arrive at a
different explanation from those that were outlined in the
stimulus material.

309 SYSTEMS (xxxx)

The unifying theme is input.-..y processing .—-) output. This
is elaborated upon an =zxamination of systems in which output
becomes feedback which modifies input. Applications are made
to several physical and biological systems (including interpersonal
communication).

This unit is primarily concerned with long-time cyclic
events, associated with mountain building and the formation of
continents, with particular reference to the evolution of
Australia. It ties together the work covered in many of the
earlier units by completing the rock cycle. Continental drift is
studied briefly.

311 THE_UNIVERSE (x)

The theme of this unit is 'the key to the past and to the
future'. 7Vopics briefly studied in this unit include space
exploration, life on other planets, nuclear fission and fusion,
evolution of stars and the magnitude of the universe. Reference
is made to the work of Australia, in the field of radio and optical
astronom‘y° A booklet listing activities for student &astronomers
will accompany the unit.
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312 AUSTRALJAN ABORJGINAL ECOLOGY (xx)

This unit is designed to introduce students to the scientific
study of the way of life of the Australian Aborigine,

The unit begins with a comparison of the energy requirements
of the nomadic Aborigine living in his tribel society and man
living in an industrial society. This part of the unit serves
as an introduction to optional material.

The options deal with an introduction to the Dreamtime;
Aboriginal art; Aboriginal technology; anthropology; site
investigation; and puzzling aspects which still have no solution.

No attempt is made to give value judgments on the two types
of cultures., These are left for the student to decide in the
light of evidence presented.

401 A _GUIDE TO ASEP (Teacher Education unit) (xx)

The main purpose of this unit is to give teachers information
on ASEP materials, and to allow them to think about how these
materials might be used,

Of the fifty units listed it is anticipated that present
resources will prevent the development of the following six:

118 Insects

215 Give and Take

216 Spreading Force

217 Supporting Structures
310 Evolution of Continents
311 The Universe,
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Document 11 DEV/LD/KR

14th September, 1970
Australian Science Education Project

STEPS_IN THE DEVELGPMENT OF A UNIT

The development of a unit can be traced through a number of steps. Details
of the total process, including the people involved and each step in the
sequence up to publication, will be included in Project Newsletter 2.

Prior to the first trizi ,each unit appears in five written forms:

a brief statement of the main ideas %c be included

first specification

1
2
3 second specification
4 first draft

5 manuscript

In this paper, Unit 102 Mice and Men is used as an example to show what
is involved in each of the first three written forms, and the time required
for each stage.

1 Time Schedule for Unit 102 Mice_and Men:

B June 13 July 10 Aug 7 Sept. 12 Oct. 26 Oct, 14 Dec.
P WY W S | A A a_ B S S W U\ a3 1t 3 2
l I tyiing
development draft completed .
commences selond completed production
cps . completed

specification

completed and ready for

circulated dralft typing

commences
2 Brief Statement of the Main Ideas to be_Included:

(This statement represants the first proposal from an Area Specialist
that such a unit bc devaloped)

Jitle: Rats

A comparison of rats and humans, through looking after and observing

a family of rats or other small mammals. Growth changes, reproduction,
food raquirements and prefercnces, behaviour,

3 First Specification .
(Once the initial proposal has been accepted, the Arca Specialist produces

the first specification as a statement of how the unit ceuld be developed.
This specification is read and discussed by all Area Specialists before
it is accepted.)

Title: Rats (or mice, guinea pigs, hamsters, rabbits.)
Stage level 1 '
Length: approx. 20 40-minute poriods.

Maip Idnas:

The bioéﬁhere contains a large number of different species; an understand=-
ing of many of these, and their requiremonts, is essential to an understanding
of the functioning of the biosphere, and thus to the way that humans atfect it.

The intention is to greate a situation vis, the need to care for, and

observe, some small lively organisms. From this will arise many opportunities
Prrm bl AT4ERatial rarbiane mEames ofF Slovmm ayeom AP cdiely fcan e eopnetfaned 0 wpe————
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The development of a unit can be traced through a number of steps. Details
of the total process, including the psople involved and sach step in the
sequence up to publication, will be included in Project Newsletter 2.

Prior to the first trizi ,each unit appears in five written forms:

a brief statement of the main ijdeas %o be included

first specification

first draft

1
2
3 second specification
4
5 manuscript

In this paper, Unit 102 Mice and Man is used as an example to show what
is involved in each of the first three written forms, and the time required
for each stage.

development

1 Time Schedule for Unit 102 Mice and Men:
8 June 13 July 10 Aug 7 Sept. 12 QOct. 26 QOct. 14 Dec.
Y 4 P i PR 2 A 4 —td A PR Ll A [ 3 3
, typing
draft completed .
commences selond completed produgtioz
specification complete
completed and ready for
circulated dralft typing
commences
2 Briof Statement of the Main Ideas to be Included:

(This statement represents the first proposal from an Area Specialist
that such a unit bc developed)

Title: Rats

A comparison of rats and humans, through looking after and observing

a family of rats or other small mammals. Growth changes, reproduction,
food requirements and prefercnces, behaviour.

3 First Specification _
(Once the initial proposal has been accepted, the Area Specialist produces

the first specification as a statement of how the unit could be developed.
This specification is read and discussed by all Area Specialists before
it is accepted.)

Title: Rats (or mice, guinea pigs, hamsters, rabbits.)
Stage level 1 :
Length: approx. 20 40-minute periods.

Main Idnas: _
he hzoéﬁhere contains a large number of different species; an understande-

ing of many of these, and their requiremonts, is essential to an understanding
of the functioning of the biacsphere, and thus ta the way that humans affect it.

The intention is to greate a situation vis, the need to care for, and
observe, some small lively organisms, From this will arise many opportunities
for study. Although perhaps none of these areas of study can be specified
as esscntial, and not all of them can be foreseen, they may include a selection
from the following:
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1 Human character’s%.3:, such as growth, nutrition, re-production, mor-
phology and behavig: can be studied by analogy, using small mammals. These
can be manipulai-d and experimented with, whereas humans can not. Also, they

exhibit changes e.g. - growth, far mere rapidly, and so are more convenient
to study.

2 The similarities of humans and rats can be studied, to provide evidence

suggestive of a2 common ancestry, and the dofinitive features of the Class
Mammalia.

3 The differcnce between rats and humans can be studied, to indicate
divergence, and adaption.

4 There are definitc requirements for organisms, of which the rat is an
example:

(a) Space ~ territerial behavier, cxercisc.
(b) Temperature - nest construction.

(c) Food and water.

(d) PRemoval of wrste products,

5 Organisms cxhibit characteristic pattcrns of bshavior, both instinctive
and learncd.

(a) Food seccking behavior by infants, by adults.

(b) Avoidance of danger by rctroat.

(c) Aggression = defence of territory or mates.

(d) Nesting behavior and care of young.

(e) Mating behavior.

6 The growth of an organism follows a sigmaidal pattern, which can be
classified into ir7'ncyy, youth, maturity, scnility, adolescence. Growth
parameters such as weight, tail length, can be measured regularly. The
morphology also changes from stzge to stade.

Brief Outlinc of Unit:-

1 Overview illustrating somec of the behaviars, requirements, growth, feeding
of a range cf small mammals - including some uncommon ones e.g. Tarsier, shrew.

2 Discuseion of possibilities 6f-investigaticnn.~Group discussion (about
6 or 7 per group), followed by report to larger group e.g. class if necessary,

3 Presentation of necessary technigues:
(i) There should be a referonce book available, (NOT speeifically for
this unit), on care and handling of laberatory organisms (a comparative
trecatment). This would be rtquired reading (perhaps some questions
to which students must writo answers).

e it w3 bbb b e et e L s L

(ii) A cassctte film showing techniques of handling (David Bruce, cf ACER
Psychological Scrvices has agreed to demonstrate these =chniques
te put on an 8 mm film loop).

(iii)Graphing and mcasurcments tcchniques for woight and longth -

(a) of rats. :
(b} of food consumod. i
(¢} of wator consumcd.

4 Instructions and suggostions ;
-

(i) For kecping rocords of body wcight, and of tail length. _
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exhibit changes e.g. ~ growth, far more rapidly, and so ere more convenient

to Study .
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2 The similarities of humans and rats canm be studied, to provide evidence
suggestive of 2 common ancestry, and the dofinitive foatures of the Class
Mammalia.

3 The differcnce between rats and humans can bo studicd, to indicate
divergence, and adaption,

4 There arc definitc requirements for organisms, of which the rat is an
cxamplo:

(a) Space - territorial behavior, cxercisc.
(b) Temperature - nest construction.

(c) Food and water.

(d) Removal of wnste products.

5 Organisms ecxhibit characteristic pattcrns of behavior, both instinctive
and learned,

(a) Food scecking behavior by infants, by adults,

(b) Avoidance of danger by rectroat.

(c) Aggression - defence of territory or mates.

(d) Nesting behavior and care ef young.

(c) Mating behavior.

6 The growth of an organism follows a sigmoidal pattern, which can be
classified into Zn7:ncyy, youth, maturity, senility, adolescence. Growth
parameters such as weight, tail lcngth, can be measured regularly. The
morphology also changes from stzge to stage.

rief Outlinc of Unit:-

-l

Overview illustrating some of the behaviors, requircments, growth, fecding
of a range of small mammals -~ including some uncommon onecs c.g. Tarsier, shrew,

2 Discussion of possibilities Sf-investigationn.-Group discussion (about
6 or 7 per group), followed by report to larger group c.g. class if necessary.

3 Presentation of necessary techniques:
(i) There should be a referonce book available, (NOT specifically for
this unit), on care and handling cf laboratory arganisms (a2 comparative
treatment). This would be required reading (perhaps some questions
to which studente must writoc answers).

(ii) A cassctte film showing techniques of handling (David Bruce, of ACER
Psychological Services has agrecd to demonstrate these ‘=chniques
to put on an 8 mm film loop).

i (iii)Graphing and mcasurcments tcchniques for weight and lungth -

(a) of rats.
(b) of food consumed.
(c) of water consumed.
4 Instructions and suggestions
% (i) For kecping rocords of body wcight, and of tail length.

(ii) For keeping rcecords of food and water consumod.

(iii) Behavior investigations -

(a) Obsorvaticn of mocvemonts, rest, feoding

(b) Resp nse to stimuli

(c) Skinner box lsarning to push bar to rolecaso food
, (d) Maze running
f (e) Exercisc wheel counting

' (iv) Tochniques of drawing to scale: morphclogy.

27 0003/-
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5 Student Investigations

The assumption is made that this unit can be continucd for up tc 3 months
(1 term). Thc MD2 doveloping this unit should invostigato the organism most
suitablo for nbscrving rapid changos of growth,

(i) The students should work in groups of 2 (or 3).
(ii) In a class cf 30 tc 40, about 15 scts of animals will bo rcquirod,
(iii) A "sot" of animals shculd include:
1 adult malo
adult fomale (not pregnant)
young malo
young female

-—d = b

Thus, growth may be uvbscrved in the juveniles, and reproduction oy the
adults. Thus 2 distinct sections af the life cycle can bo abserved
simultancously,

(iv) Various organisms i.c. - rats, mice, hamsters, guinca pigs, rabbits,
may bo studies by differont student groups,

(v) During gach typical 35 minute period, a definite time should be
allocated to caring for the memmals, cnd making obsorvations -
perhaps 15 minutes at the start, reducing to 5 minutes lator in the
torm.

6 Background study

For the remaindor of tho time in cach poriod, at least for a month,
assignments should be available, rclated to the crganisms being studies. These
assignments would basically be tho colloction of the information about mammals
in gencral, and the particular mommal under study. Books should be sclected,
or a special book produced by ASEP, to supply information cn mommals c.g, =
the rat:

(1) Mcrphalogy and classification

(ii) Case studios of laboratuxry bohaviour?

(iii) Tho rat throughout history; plagues -

(iv)  Various typos of rat; choracteristics of oach; modes of distribution,
by migration, by ship, by drifting ("sweepstakes" migration).

7 Reporting

At the conclusion of the term, uwach group of studonts should havo compiled
a ropert to be presented to the class,
This would consist of =

(a) written report
(b) wverbal and visual demonstration
(c) discussicn

Processgs and ebilitigs that could be dovolopeds

1 Obsorvation and rccording by -
(a) tebulation
(b) written
(c) drawing

2 Measurcment cf longth, mass, volumo - usc of rulor and lever balanco

K| Graphing of results

4 Manipulativo skills in handling animals
5 Compiling a writton roport

6 Presonting this report to o large group
7 Discussion

NS
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Spocial equipment reouired.

1 It will bo necossary to investigate the sources of supply of suitable
annimals throughout Australia,

(a) Contact Health Department Officers to discuss regulaticns about
the koeping of rats, micco, rabbits ct al.

(b} Contact Biological Supply Houscs to sct whether thoy will stock
them for us; gquotes on costs and supply times.

(c) Some contacts in Victoxia
(i) Molbourne University Zoology
(ii) Cowmmonwcealth Serum Laborztorics
(iii) Pet shops

(d) Contact Dr Kenneth Brcnnan;
Chaixrman,
Rat Advisory Committcc,
Melbourne City Ccuncil
sce the cutting from tho Age of April 29th 1970.

2 Cages ~ Investigate the possibilities here
(a) Obtain same cages Trom Sclbys
(b) Obtain a Malvern Environmental Chamber - see Griffin and George
Cataloguc, page 502
(¢} Study Educcotion Department equipment lists fer all States, te
find cut what cagus are on supply

3 Feecders for water and food,

4 Thermometers

5 Foed-Investigate what they will eat, how much, and what it costs
6 Mazes

7 Excrcise wheels with revulution ceunter

8 Nesting bexes

9 Rulors and tail mcasuring box

10 Lever kalance,with weighing cage

Suggested References for $D0O

Mrs. Atkins, "Geunetic Expceriments with Mice" in Australian Science
Teachers Jourpal. 12,3, November 1967, 102-104

Perhaps Mrs. Atkins ceould be a uacful adviser. She wes at St.Columba's
Cellege, Essendon, in 1967,

Baldock, R.N. &t al, Discovery in Scicnce, Practicel Beouk 1, Adclaide,
Eyers, Eberhard, Chittlebarough and Merley Ltd, 1968, 162-168,

Baldack, R.N, vt al, Discovery in Scicnce, Proctical Book 2, 125-127

e e e e ——

Barnott, S.A, "The Rat's World" in Discovery, July 1957, 293-298

Keoling, C.H. Mice and Rots as Pats, Raoylus Handbaoks,
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Reberts, M. F. Guinoa Pigs, Jorscy City, N.J., TFH Publicaticns.

Roberts, M. F. Mice as Pete . Jersey City, N.J. TFH Publications.

Schuol Sciopnco Review, 160, June 1965, 646-658

Snell, GeDe(ed), The Biology of tho Laboratory Mgusg, N.Y. Dovor, 1956.

Zinsser, H. QRots, lice and History, Londen, Routledge, 1943
(Swinburno 616 992 ZINR)

Skinncry BeF. "How to Teach Animals", in Sci,Am., Dce. 1951

Suggested Formot

1 Movio film as intrcduction

2 Film loop on the handling of rats

3 Generol reference books on rats and othor mammels

4 A goneral laboratory manual cn caring for organisms

5 Bunklot with suggestisns for invostigations - about 32pp.
4 Second Specification:

(This is produced by tho Materials Dovelopment Officor who will devolop
the upit, in consultation with a discussant, usually an Aroce Spocialist. The

MDO is encouraged to usc initiative and dopart from tho first spocificaticn
where it is censidorod to be desirablo),

Title: Mice and Men Stage _1
Length:opprox. 20 40-minutc pcriods

Nymber 102

1 Ideas Relevant to the Environment Schome
1.1

1.2

The brosphore contains a large number of differont spocies.

Wo should have an undorstanding cof several speciocs and thoir
requircmonts.

1.3 This is ossential to an undcrstandimg of the functioning of tho
biosphere and therefore tu the wey that humans affoct it.

2 Main Sciencou Idcas

2.1 Human characteristics such as growth, feeding, reprzduction, broathing

oxcretion and bohavior can bo studicd by analegy, using small memmals.
Theso can be manipulatod and oxporimented with, whoreas humons can not.Also

thoy exhibit changes such ac growth far morc rapidly and so are more
convenicnt to study.

2.2 The similaritios of humans and micc can bp studicd tc provido evidonco

suggestive of a commzn ancostry and the definite fuoaturus of the
Class Mammalia.

2.3 Thu difforunce botwoon humans and mico can bu studiod te indicato
divergoncu and adaptation,

000006/-
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2.4 Thero are definite reoquircments for ergerisms of which the mouse is an
oxample:

2,41 space - torritcrial behavior, oxercisc
2,42 tempecrature - nest construction

2.43 food and watex

2.44 removal of wasie jproducts

2.5 Organisms exhibit characteristic patterrs of behavior, beth instinc-
tive and learned

2.51 food seeking behavior by infants and by adults
2.52 avoidance of dangur by retrceat

2.53 aggrussion - defence of territory or mates

2.54 nesting bohavior and care of young

2.55 mating behavior

2.6 The growth of an organism follows a sigmoidal patiern which can be
classified into infancy, youth, maturity and senility. Voeight and
tail length of mice can be measured regularly,

Useful Backqround knowledge
3.1 Concepts of weight and volume

3.2 Ability to add, subtract and divide

Intended Outcomes

4,1 Knowledge Outcomes
4.11 Similarities and diffcrences exist between man and mice

4,12 Different spocies of mice and other animals exist and therefore
there is a neced for classification. Terms - class, order,
family, genus and species are introduced.

4,43 Mammals can bc divided into three groups:
egg laoying mammals (monotromes)
pouched mammals (marsupials)
mammals with 2 placenta (placentals)

4,14 Mice and other animals are used in medical research
4,15 Mice, s well as man or other animals have definite requirements
and exhibit charccteristic patterns of behavior.
4,2 Abilitv outcomes
To be able to:
4,21 look after an animal
4,22 observe accurately
4,23 measure weight, volume and length

4,24 record results by means of graphs, tables, diagrams and written
doscripticn

4,25 complets a writton report
4,26 present the report to the class

4,27 discuss the report

4,3 AMffective outcomes
4,31 to accept responsibility fer regular care of the animals

4,32 to dovelop an ottitude of care for organisms rather than
cruslty

4,33 to become moro confident in obsorving, measuring, reporting,
discussing and bandling animals.
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6l 16mm film @ahout 10-15 minutes long, illustrating some of the behaviours,
requirements, orowth and feeding of 2 range of smoll mannals,

Alternative treatment: A booklet containing photographs and diegrams of
asprcts of behaviour and growth, This could ke supplemented by wall
phutographs,

6.2 Llass discussion
After seeing the film ox looking at the book a large number of questions
can be asked and possibilitins for investigetions will arise,

6.3 Group discussion
Lbroups discuss possibilities for investigations and then each group will
choose several experiments contoined in the unit, The teacher will have {
to advise wach group and he may decide theat all nroups aie to a particular 3
experiment,

6.4 Presentution of necessary technigues

6.41 A cossette film showing techniques of handling animals (David
Bruce of ACER has agreed tc demonstrate these tauhn_quea to put
on an 8 mm Tilm loop.)

6,42 There should be general reference books availuble on the care and
handling of laboratory oraanisms. All students would hiave to
read this book #nd perhaps answer some questions in their note-
hooks

6.43 Instructions_ and sua
For sexing wmice
For keeping re.ords of bocdy weight and teail length of mice
For kceping recoxds of fuod and water consumed
For Behaviour investigations -

ohsaervation of movemont, rest, feeding
response to stimuli
gskinner box learning to push bar to release food
maze running
exercise wheel counting
Techinigues of cdrawinm to scale, closc ctudy of morphology.

estions

Graphing and measurement techniques for volume, weight and length
of rets and feod :nd water consumed,

This r -~cludes the core., The observations and background work have been plzced
into *!.2 coro development hecause students have a choice in the experiments as
well as the b=ckground worke

7. CForg Developmeny

7.1 In cach lesson, a definite time should be allocated to gcare for the
mammals and make observations, This may take from 15 to 20 minutes
at the start and reduce leter ons  During the remainder of time in each ]
period backaround work will be done,

7.2 Students will make their observztions in groups. Two to three students i
per group would be idewsl, Each group will receive a sct of mice, 3
A 'set' should includes

one adult male

ont adult female

one juvenile male

one juvenile female
Therefore two distinct sections of the life cycle can be observed
simultaneously, that is, growth in the juveniles and reproduction in the

young.

Q ,
[ERJf: It is vsanntial that the ngos of the bought onimels are known,
o o e
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#.01

8,02

8.03

8.04

8.05

8.06

8,07

8,08

f.09

8.10
8.11

B.12

8.13

8.14

B.15

e

or Porsibly Investiz tions

Parts of the animal
Observation of mause under a beaker (one mouse per ztudent or per group)

ldentification of different perts which arc clearly visibla,

'Actual size' diayram of the mouse drawn in students' notebooks and
labelled. Instead of & diagram, the mouse could be photographed,
Photos could be stuck into notebooks and labelled,

il

Activities of the mouse
(as in JSSP Red Surivs - Volume 7)

Do _mice respond te cortain foods?
Recorded in tablo forim in student's notebooks.

Growth of nice

Weighing mice and maasuring tail length at intervals,

Record in table form

Prawing growth curves,

From this experiment students can find out if mice grow faster when they
are young, if they stop growing after a cortoin peried, if males and
femiles grew =t the same rate, etc,

Preagnunt mice and body weight

Weighing mouse at intcrvils heferz and after birth of litter,
Calculating ar roximate weight of litter.

Record in table form

Each doe should have a record card attached to the cige on which details
of birth of litter can be recorded,

Temperature of the nest and cage.
Teacher may ke :hle ti measure temperature of @ mouze and of students.

Lhonges in form of animalg

Measuring tail length and body length of & young mouse ot intervals,
Recerd in table form - calculating % of length that is tail

Graph of tail length/body length

Drawing two disgrams of mouce at div.crent intervels to show change in
proportion (actual eize in cm).

Food consumed
How much food and water decs the set of animals consume in one week?

Growth and exercise

Using a mouse with exercisc whtel and one mouse without (control
exreriment), Measuring weights of excercising and lazy muuse at
intervials. Record in table form and praph.

Dees. tempexsture affect arowth? )
) control
Docs the amount of food oiven affsct growth? ) ex:erimunts,
)
Does the amount of light affect growth? )

or
Do mice prefer Jight or dark?

A cage is sct up where the mouse has a cheice.

Is the amount of activity affected by temparature?
One mouse uses execrcist whenl in cuol and another in warm conditicnse.

Mazes

How many trials are needed until mou:rc finde exit? Use different mice,
Students could lct time eclapse betwecn trials, to find out if the mouse
con remcmbar,

sSkinner box
How mrny trials arc nceded until mouse pushec button to got food?
Does mach mouso take the same time +o learn the trick? Let time

Kl
S
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10.

11,

12,

- 10 -
elapse between trails to find out if mousc romembers.

8,17 Colour discrimination
Conditioning mice to press a button of a particular colour of two or
three in Skinncr box,

8.16 Shape discriminaticn
Conditioning mice to push a button of a particular shape out of two or
three different <hapes,

8,19  Bebavioux
How do mice respcnd to a female or @ male intrudex?

Bice and Hodl

Each investigation can be related to mi.n by asking the student a particular

question once he has completed the investigation.

Possible questions could

Are thero external similarities and differences between mice and humans?

Name 10 foods you like and

Vhy is the temperature in vour bed different from the temperature in

be:
921
9.2 Which activities do vou have in common with mice?
9,3 Do you show preference for certain food?
ten you do not like.
944 How does growth of mice compare with human growth?
9.5
your bedroom?
946 How much food do you ezt in a day?

How much does your father eat?

Why is therc a difference?

etc.

Rcecords of Investigations

In table form on preparcd workshocets or inatructions are given and students
rule up tahles in notebooks. The workshects could have space for drawing
qraphs and writing conclusions or answering guestions which are asked at the
end of most investigutions. Some investigations require drawings of mice.

Reports.

At the conclusion of the investigations, cach group of students should have
compiled a report to be presented to the class, This would consist of:

11,4 @& written report
1ll.2 a verbal and visual demonstration
11,3 a discussion

Reports will vary from group to group, as they would have done a combination

of diffeorent expecriments.

Buckorouna sctivitics

A mammal has hair or fur and suckles its young.

12.1. Mice and man &re mainmals,
12,2 Different types of mammals

egg laying {monotremes)

pouched (marsupials)

plocentals

Photos, diagrams or @ film loop tould illustrate points
is, a monotreme laying eggs, suckling its young; birth of a kangaroo,
journsy to the pouch, attackmont to nipple; o model of @ human embryo
in the placenta and birth of one or two placental mawmals,

relevant, that

Clags discugsion on film,  Simple explanation given why monotremes and
marsupisles exist only in Australia
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£.18 Shape discriminaticn
Conditioning mice to push a button of a particular shape out of two or
three different <hapes,

8.19 Behaviour
How do mice respond to a femele ox @ male intruder?

Micu ond Fzn

Each investigation can be related to m.n by asking the student a particular 3
.. question onco he has completed the investigation, Possible questions could
be:

944 Are there external similarities and differences between mice and humans?
9,2 Which activities do vou have in common with mice?

9,3 Do you show preference for certain food? Name 10 foods you like and
ten you do net like.

934 liow does growth of mice compare with human growth?

9,5 ‘Yhy is the temperature in your bed different from the temperature in
your bedroom?

946 How much food do you ezt in a day? How much does your father eat?
Why is there a difference? etc,

iR chgrds of Inygstiqa?icns

In table form on preparcd workshcets or instructions are given and studonts
rule up tahles in notebooks. The worksheects could have spece for drawing
graphs and writing conclusions or answering guestions which are asked at the
end of most investiguitions. Some investigations require drawings of mice.

1. Reports
At the conclusion of the investigetions, crch group of students should have
compiled a report to be presented to the class, This would consist of:
114 @& written report
1l1.2 a verbal and visual demonstration
11,3 a discussion
Reports will vary from group to group, as they would have done a combination

of different expcriments.

1.2 ¢ Backarouna sctivitics

12.1. Mice and man are mammals. A mammal has hair or fur and suckles its young.

12,2 Different types of mammals - egg laying (monotremes)

pouched {marsupials)

placentals

Photos, diagrams or a_film loop could illustrate points relevant, that
is, a monotreme layiny eggs, suckling its young; birth of a kangaroo,
journey to the pouch, attachment to nipple; o model of & human embryo
in the placenta and bhirth of mne or two placental mammals,

Clags discucsion on film, Simple explanatiaon given why monotremes and
marsupisls exist only in Australia

Recording of inform:tion in table form on nrepared werksheets or in
notebooks.,

Typés of plucontal memmals, Mr. X decided to put them into the follow-
ing groups since there are such a variety of these memmals:
swimming, flying, inset cating, toothless, flesh-eating, hoofed, gnawing,

B P




with hande,
Excrcise in tablo form contadininag o list of 20-30 mammdls and the ,

LR e s Y e ] .

difforent kinds,  Students tick respective squares,

—

Photographs of the listed onimals should be available ond an
animal encyclopaedia,

Study of mice in the form of » numtcr of assignments which students
can chooge from, Students can do th: assignments bv them' elves or in
pairs at their own rite. ASEP will procduce a booklet cntaining infor-
mation on mice ns well 5 handling of l.boratory organisms, The
study of mice will desl withs

12,31 different kinds eof mice (wild, commensal, mersupial, placental)

12,32 behivigur of wild mice

12,33 history of mice plagues, control, modes of distributicn

12,34 case studies ol l1aboratory behaviour

12,35 importance of mice in medical research

This informition coul:d be precented in the form of:

12,41 comprehension exercises with pl:otos or diagrams

12,42 zomic strip diagrams (e.g. of plagues, introducing mice into
Australia)

12,43 colour phntographs of different kinds of mice

12,44 copies of newspzper srticles on recent mouse plague in 5,A,

QYA et g

12,45 excerpts of oriqinal reports from jeurnals, This shows the
students how scientists rccurd their work, A simpler version
of the excerpt is to be given underncath so all students can
urderstand it,

Class dizcu .sion takes place when all ctudents have completed their
chosen number of assignments,

Noed for classiticaticn

There are about 55 different kinds of mice in Australia, 14 million
different kincs or specics of animsls exist on earth, Necessity for
grouping animals,

12,51 Introducing cxurcise, Students use a werksheet similar to a !
sheet of stamps, containing diagram: of obout 20 particular objects
(scissors, platws, brushes otc.)

They are asked to put these objccts into, sey, four diffcrent
[TOUPS . For this, each student has to decide on a method of
classificaticen (colour, shape, use, metnrizl ete,)

Students can teer objects off shert, group them and paste them
onto @ prepared worksheet in groups, givinr method of classific-
ation and reason why objects were grouped in a particular way
2eQe

Group 1  fork-spoon-knife-plate used for eating

Results can be comparcd. Methods of classification may vary.

12,52 A similar workshect can be produced for a variecty of w@nimals
which students «roup and give mecthod of classification as above,
Sturdents will find they group the animals wccordine to their
appeerance or the way they live,.

12,53 A thixd workshuct could ask students to tick squaros on e table
giving names of animals and churacteristics of hair, festhers,
scales, wings, legs, fins, lay eges, suckle young etc,

They could then be asked to put these animals into groups and
give roasons,

12,54 Classifying mice

Students can clossify house mice themselves hy heving a prepared
kuy as in Unit 2 What are living thincs made of?  Activities
in ecience p 15
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A family-trec type diagram can be produced to show classification
into species - genus - family - order - class,. Photographs
of the snimals could be used.

12,6 PROJECT

Written work on a particular mammal,
Students choose # mammal from reference boeoks aveilable and
work singly or in pairs at their own rate.

Descrintion with illustrations could be dome uncer the
following hendimgs

gconomic value appcarance
conscrvation feeding
speeiel charracteristics behaviour
(eege spe-d, camouflage, distribution
size, intellinence,) life cycle
12.1 and

12,2 have to be dnane before 12,3, 12.5 and 12,6 &@and which cin be
done in &ny order i.e. some students carry on with the
project, while some do classification and others do assignments
on mice,

13. Testing
Amount of testing is limited since thzre is a choice within observations
mouse study and the project,

An objcetive test could e given on mice in ocnoral, types, characteristics
and classific:-tion of mammals,

b L N
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14¢  Fiow.Chirt of Mice nctivitius
start | J woohe Jbirth 3 wooke wuum:d;
oL > <
gestation p. riod (19 doys)
Set of
four
mico
Growth experiments
Chaneus in form
2 ADULTS Temperature of nest and
cage
at loust Body woight of pregnant
8 wecoks codd .
mouse Do not SEP
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Colour discrimination
Shape discrimination

" MATED
V4 ¢ . -
20 - Ma?e 0’7 sep. rated from %
’ Skinner box
. ) Behaviour if only one litter is

winted and placed into
juveniles' cago

2 JUVEMILES

ot least 3
weeks old

Growth exporimunts
Growth and excrcise
tempurature
food
lioht

Maze
Skinner box

Juvenilo fﬁ placed with
mother 'nd pups when adult
melo is shifted

Beh-~viour

Lolour :nd rhape discrimination

N

/N

All 4 mico could be uscd for:

Caqes:

a) parts of o mouso
b) activitivs of a mouse

6 weaks

c) food cunsumed (pellets + water)

Two cnges, one for adults and ono for juvenilus,

After arprox-

imutely 3 weoks, adult male is pleced into juvenile caqe and the
Juvenile femole ie placed into sdult cage,
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A leboratory ie ossonticl, In a clossroom there would not be enough

reom for halances «nd cages ate,.

tquipment listed is for a cluss of 40 students divided into qroups of four,

Itoms Number per Number per

Group cless
Mice 4 40
Cages conteining frod and
water foiders 2 20
Food in pellet form
(42 duys <« 4 mice » 5g) 1 kg 10 kg
Sawdust or kitty litter 2 cm

per wiek
Balnnces 1 betwuen 5

2 groups
mouse tnil measuring box 1 betueen ]

2 groups
rulers (30 cm) 1 10
record cards 4 40
thermomaters (0-50"c) 1 10
Skinner Box 1l or?2
exprcise wheel with 1 betweeon 5
revolution counter 2 groups
environmontal chambor 1l or?2
trolluy for staring 1
cogos
beakers (250 ml) 1 10
black curdboard 1 sheet 10 shocts
maze, T or Y shaped 2 or 3
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Novembor 1967, p 102-104
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maturity and m. ting, sexing and wecaning of pups and killing of mice.

Barnott, S.A. The Rat's World, Discoviry, Vol. 18, July 1957,

p 293~298

Article on fouding hehatviour, rat populations, mules in conflict,
influence of femelen, fighting and deuth, amiable bohaviour,

Bibby, Cyril, Simplo Experimonts in Diology, Williom Huinemann Ltd,.
1950

p 136,

Expurimint on chanae in bodv farm nf ropee
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Austr-lien Acudomv of Scicnce, Biologicul Science: The Web of Life

Canberra, ACT, 1968
Student's Manu:l Part I, Exercise 4. ldea of classification with
pxercises

BasileMarlow, Marsupials of Australia, Jacaranda Pocket Guides
l'escription, distribution, biology of all marsupials,

Cansdwelc, George, Pets Book , Phoonix House Ltd., London, 1959
Inform~tion on pets in general, including mice and rats

Dopnrtment of Public Heilth, Food Handling, S.A. 1969
p. 12-13. Pests and their control

Hamilton<Wilkcs, Monty. ilow to look after pcts
Angus »nd Robertson, 1966

Life Nature Library, The Mammals
Animal Behaviour (cose studies of rats
p 24-25, 140-142 and of new~born monkeys p 28-29)

Nuffield Biology, Text II, Life and Livihg Procosses.
p 142-152, Descriptions of hedding and litter, food, cmges, handling,
breedinn and sexino mice, growth experiments and making crowth curves.

Sharland, Michael Tasmanian Wild Life, Melbourno University Press

Shaw, M; Fisher, J. Animsls as Friends, J.M.Dent & Sons, London 'G3
General Fet Book

Troughton Ellis, Furred Animals of Australia, Angus «#nd Hobertson 1962
Conservation, oconomic value, distribution and descriptions of
mammals (mice p 295-304)

Wotherspoon, John. The Australian Pet Book, Lansdowne Press,
Melbourne 1962

Books suitable for hackground knowlcdge -

Atkins, Mrs, St. Columha's College, Essendon. Genetic experiments
with mice, Australian Scicnce Teachers' Uournal, Vol. 13, No.3,
November 1967, p 102-104

Article gives infuormation on housing, fceding, watering, sexual
maturity and meting, sexing and weaning of pups and killing of mice,

Barnutt, S.A, The Rat's World, Discovcry, Vol. 18, July 1957,

p 293-298

Article on feesding hehaviour, rat populations, males in conflict,
influence of females, fighting and de:th, amiable behaviour.

Bibby, Cyril, Simple Experiments in Biology, Williom Heinemann Ltd.
1958

p 136. Experiment on change in body form of mouse, graph of tail
length/body length,

BSCS Pamphlet 16  Growth and Age p 7 shows diagram of human
growth. This could be used to compare with mice.,

BSCS Inngvations in ccuipment and technicues for the biology teaching
lubor:tory.

p 25 How to kcep small mammals in a gallon jar.

p 30 How to make o feod hopper ond a watering device.

Davis, R.A. Rats and Mice, Discovery, Vol.l7, March 1956 p 115
Number of known specicz of mice «#nd rnts, history, differecnces
between wild »nd commensal mice.
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Nuffiold Bioloqy, Teichers' Guide II, p 95-104
1. Type of mice nicded for experimont,
2, Hou to keep mice for growth exneriments
3, How to mako @ cardboard funnel for transferring mice from i
cuge to balance f
4, How to make a mouse tail mecasuring hox
5. How to m-ke record curds,

Skinner, B.f, How to tvach animals, Scientific American, v
Vol, 185, No,6, December 1951, p 26-29 g
Article doscribes simple techniques on training n dog anc a pigeon
by rewsrding the animal snd using a signal which the animal
associates with food.

i
;
Mein, G.A., Milking mice to advance human ciancer rosearch, i
Journal, Nepsrtment of Agriculture, Victoria, Vol.66, No.ll, f
4
!

November 1968, p 416-17

Tretherwio, E.,R. Effect of combustion temperature on epithelial
damage by tob#cco smoke, Scientific Australian, June, 1968,
)
P 9'16 Ao
Possibility for case history or excerpt.

Rats andmice on cereal farms, Queenslsnd Agricultural Journal,

Volume 95, 1969, p 403
Control measures - hygiene around buildings, ecxclusion from buildings,

poison baiting, insecticides, fumigation,

Wallace, Dr, Margaret E., Department of Genetics, University of
Cambridge,

Using mice for tewching genetics I, The Schocl Scicnce Review,

Vol, 46 June 1965, No, 160, p, 646-658

Descriptions on how to breed mice, photographs of the Cambridge mouse
cage and colour photogrep hs of eight varieties of mice,

17 List of Materinls to be Produced by ASEP.

17.1 Book =~ introduction to mammals
- prosentztion of techni:ues
- details of possible investigaztions
- information for background zctivities
- sources of animalsand equipment
; -~ bibliography

17,2 Worksheets

F
f 17,21 Care and handling of mammals (self-test)
: 17.22 Graphing and measurement techniques
j 17.23 Parts of the animal (8,01)
17,24 Activities of the mouse (8.02)
17,25 Growth of mice (8,04)
17.3 Film loop on handling mammals (David Bruce)
18 SupplemGntary Materials

18,1 16mm film on introduction to mammals

18,2 General refercnce books on care and handling of laboratory organisms

18,3 Information books for background ;ctivities

18,4 Films or film loops commercially available,
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PREAMBLE TOQ THE AIMS
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1 The accompanying document contains a statement of aims
D for the Project. They are expressed in terms of the effects 5

which it is hoped will be produced in children who learn science .
using our materials.

e Bt L

2 The production of the statement of sims has proved to be
a fluid process. Starting from the first public statement of
aims, made by our Director Mr H.D. Howard at the Guidelines
Conference in January 1970, a pattern of changes may be traced.
A proposed set of aims, which expanded this first statement,
was formulated by Conference participantis. In turn, this set
of aims was modified several times (one form appeared in
Newsletter No.l) and evolved eventually into its present form.

K Some criteria that were kept in mind when stating the
aims included:

3.1 The aims should be simple, and contain as

few points as possible, so that developers and
teachers may recall them easily.

3.2 The aims should be open to check to see if

they are being achieved when the materials are
used in schools,

3.3 The aims should be general statements for the
whole ASEP program on which more specific
objectives for individual units may be based.

3.4 The aims should widen the horizons of teachers, }
rather than restrict what they do.

4 The Project would appreciate comments on whether the
aims form suitable guidelines for the development of materials

for teaching science to junior secondary school students, as
well as any other comments.
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THE AIMS OF THE AUSTRALIAN SCIENCE EDUCATION PROJECT

1 The broad aim of the Project is to design science experiences
which contribute to the devolopment of children. More specifically,
the science sxperiences are aimed at developing:

l.1 some understanding of man, his physical and

biological envirorment, and his inter-personal
relationships

et b
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l.2 skills and attitudes important for scientific
investigation

l.3 some undexstanding of the nature, scope, and
limitaticns of science

l.4 some understanding of, and caoncern for, the
consequences of science and technology.

2 Two statements are to be considered in conjunction with
these aims:

2.1 The kind of understanding at which this Project
aims enables children to operate more effectively
in their environment.

2.2 To arouse and foster the interest of children is

of prime importance in the development of understanding,
skills, and attitudes.

A brief expansion of these aims and statements follows. It
is not intended to be prescriptive, nor to set detailed limits
to their interpretation.

The broad IThe broad aim_of the Project is_to design_science experiences
uhlch contribute to the development of children.

3 Science is justified in thes junior secondary curriculum

because science experiences contribute in unique ways to the

personal and social development of children. The Project will

seek those experiences which best contribute to this growth and

are relevant to the stage of development of the children. It is

less concerned with the training of future scientists and technicians

To develop some understanding of man, his physical and biologjcal
environment, and his inter-personal relationships.

4 A program of sc1ence experlences based on ASEP materials
and® philosophy will, it is hoped, give all students some under-
standlng of themselves as individual organisms, the environment ]
in which they llVe, and their inter-relations with other individuals ;
%

and groups. It is believed that for most junior secondary
students the more abstract scientific concepts are less pertinent
to their lives than are some of the more practical aspects of

science. Knowledge considered to be most relevant to children
will be favoured.

-.-.-----2




To develop skills and gttitudes important for scientific

investigation

5 The Project aims at encouraging inquiry and developing
skills and attitudes that will enable the individual to inquire
efficiently and to solve relevant problems.

Such skills include those of

5.1 observing and ordering observations
5.2 detecting patterns and relationships
5.3 formulating problems
54 obtaining information relevant to a problem e.g.,
through library cczarch and experimentation
5.5 interpreting findings critically.
6 It is also recognized that skills associated with effective

communication are essential in science and deserve attention in
a science course.

7 Some of the attitudes important in science are also important
for the personal and social development of the individual. These
include attitudes which predispose an individual to

7«1 demand evidence in support of claims

7.2 postpone judgment when available evidence is inconclusive

7.3 change opinions in the light of incompatible data

7.4 have confidence in tackling new problems

7.5 seek rational explanations

7.6 prefer quantification

7.1 be receptive to change and flexible when required

7.8 be persistent

7.9 support the extension of knowledge

7.10 be co-operative

7.11 be critically tolerant of the opinions of others

7.12 represent observations honestly

7.13 admit to error

7.14 take responsibility for actions and their consequences.
To develop some understanding of the nature, scope and
limitations of science

8 An important principle in science is that of proposing an
hypothesis or constructing a model, testing it, and in the light
of the result, modifying or rejecting it if necessary. No test
can prove an hypothesis or model true; it can only provide
corroborating evidence,

45 .
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9 A variety of factors may give rise to the generation of
new hypotheses or models; these include intuition, trial and
error, coincidence and accidente.

A
i
|
10 Science is a dynamic, developing discipline. The laws, é
theories, conceptual schemes etc., of science are not unquestionable |
statements of truth, but change as scientific understanding changes. |
]
|
{
|
i
{
{

11 Science advances through the use of the processes of inquiry,
and an important aspect is communication among scientists.
Conventions which aid communication are standardized by inter-
national agreement.

12 Science advances as a result of the efforts of scientists
with varied allegiances and personalities.

13 A great diversity of topics can be investigated by scientists,
but not all subjects are accessible to scientific investigation.

It is important to help children understand which problems are

open to scientific investigation, and which are not.

To _develop some understanding of, and concern for, the conseguences
.of science and technology

14 The findings of science have led to many technological
advances which have contributed enormously to human welfare and
the process of civilization. The energy requirements and the
quantity of raw materials necessary for a technological culture
are immense, as are the wastes.

15 The consequences and ramifications of scientific and
technological innovations must be investigated in terms of the
effect upon both the aesthetic and ecological aspects of the
general environment. A compromise may have to be reached
between the increase and proliferation of the products of
technology and the maintenance of the environment. The problem
of recycling of materials deserves greater attention.

16 Advances in medical and biological science have impraoved
the health and viability of individuals, but have also removed
many of the factors that controlled the size of human population.
The increasing population, and the increasing proportion of the ]
population moving into a more highly technological culture
magnify environmmental problems.

17 Science has a responsibility to inform people of the problems
associated with technological advance and the possible consequences
to the environment, even though the creation and solution of such
problems are often political and economic rather than scientific.

18 Children can develop some of these understandings and concerns
from an exploration of their own immediate envirecnment.

The kind of understanding at which this Project aims will enagble
children to operate more effectively in their environment

19 - The kind of understanding at which this Project aims will
arise from students engaging in scientific activities. They will
observe, describe, classify, formulate and tost hypotheses when
studying those natural and social phenomena that are readily
available, and relevant to their stage of development.
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20 When making judgments regarding the growth in understanding
D of students, the criteria used should rely on what the children

can do in a given environment, rather than what they know about
it.

21 The Project believes that the production of original ideas,
a process not subject to known rules nor bound by set procedures,
is likely to be fostered by learning experiences which are
designed to have children operating scientifically, and in which
solutions to some of the problems are not predictable. It is
hoped to provide the kind of conditions in which creative
thinking in children flourishes since progress in science, as

in many other fields, is dependent on the inspirations of
individuals.

To arouse and foster the interest of children is of prime importance
in_the development of understanding, skills, and attitudes

22 To operate scientifically and to gain understanding of the
environment are potentially interesting to children. These
interests must be fostered. It should be remembered that not
all children will be interested in the same things, nor will they
be interested in gaining the same set of skills and attitudes.
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THE MAIN IDEAS TO BE DEVELGPED IN ASEP MATERIALS

1 The main ideas developed in the ASEP materials will be
influenced by many factors. Some of these are

l.1 the experience and judgment of development staff

l.2 knowledge of the abilities of teachers and their
needs

1,3 knowledge of available facilities
l.4 knowledge of the abilities of the children concerned.

Such factors will generally be used as bases for exclusion of
certain ideas or for choices among alternatives. In this
paper only bases for inclusion of ideas are dealt with.

2 Five sources of ideas were examined.
2.1 The child's environment and his understanding of it.

2.2 The content of science i.e. present scientific
knowledge.

2.3 The nature of science, as revealed by its history.

2.4 Procedures used to extend knowledge, including processes
of scientific investigation and communication.

2.5 Attitudes related to science and scientific investigation.

2.6 Thrée stages of intellectual development,from Piaget's

concrete stage through-an intermediate transition stage
to the formal stage.

3 The main sources of ideas for inclusion in ASEP materials
arise from consideration of the environment of the child, the
nature of science and +the present state of scientific knowledge.
While some ideas may be included to promote certain attitudes

or to develop certain procedures for extending knowledge or to be
relevant to a particular sta.e of development, it is believed
that these sources of ideas will be of minor dimportance.

THE ENVIRONMENT GLF THE CHILD

4 The child's 'environment' includes all the objects, forces
and conditions, both internal and external, that affect the
individual. .

5 The following diagram gives some indication of the ranges
of sources of stimuli to which children respond.
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6 Certain qualifications to the diagram are nescessary.

6.1 The various components of the environment are both over-
lapping and interdependent.

6.2 The individual is influenced by his 'internal envireonment'.

6.3 The school and home components determine largely what
environmental stimuli the child receives

1 As a basis for inclusion of topics related to the child's
environment a list of important ideas was organized into a scheme
which is referred to here as “the environmental scheme?,

8 In the form stated here, the environmental scheme is expressed
as adult idcas. It is intended that the ideas will be presented to
children in such a way that they will be seen by the children as
relevant to their present life and useful in helping them to gain

an understanding of their environment.

9 Emphasis will be given to the place of the child in his present
environment, leading to an understanding that man is a living organ-
ism who, likec other organisms, is continually interacting with his
environment, yet whose interaction can be an intorference with far
reaching effects., The children should lecarn that a study of such
interactions can lead to a better understanding of the envirenment.

THE ENVIRONM:NTAL SCHEME - AN OUTLIN: OF THE MAIN IDEAS INVOLVED

10 Man must rcvalize how he functions as an individual, compared
with how other living things function; the role of groups in de-
termining values and in making decisions concerning the use of the
environmunt; the ways in which man has incrcased his ability to

learn about the environment and to make use of it; how tcchnology has
affected both man and his natural environment; the changes that take
place naturally in the environmant and how thesc have beun affected
by the interfercnce of man,

3
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11 Man must realize the far reaching effucts of his continucd
non=-cyclic modification of his environment, both in tcrms of the
consequuncus of changes made to the environment and in terms of

effects of the changed environm:ent on man and other living
organisms.,

in what ways does man, the individual,resemble and _differ from
other individual organisms?

12 An cssential part of understanding of the environment and
its interaction with man is an understanding of how man functions
as an individual, comparud with how other living things function.

13 Man has certain life requirements for food, shelter and
protection which are similar in many recspects to those of all
other life but which differ in other wayse Part of the differcnce
is due to man's ability to control his cnvironmont.

14 Man's body consists of systems which function toygether as

an integrated unit. These systems are similar in many respects
tosystems in other individual organisms, There is great diver-

sity among organisms with respect to body structure and functions.

15 The systems are concerned with
15.1 intake and absorption of food materials

15,2 utilization of absorbed food for body growth and rcpair,
and for encrgy

15,3 disposal of excess materials

15,4 maintenance of the internal environment including defence
against discase

15,5 communication among body parts
15.6 growth to maturity and reproduction of nuw organisms
15,7 reception of stimuli from thz extzrnal environment

15,8 movement and behaviour relative to the external
environment.

How do interactions among groups_affect decisions made by man?

16 Most of man's efforts to change the enviromment and the
system of valuws upon which his behaviour is based, arise from
group interactions rather than the needs of individuals.

17 Individuals with common interests form structured groups
which establish their own goals and adopt procedurcs to achieve
those goals.

18 Group structures differ according to patterns of work,
power, communication and personal relationships. Etach individual
has a role to play with respect to cach pattern of structure.

19 Pressures within groups affect individuals, group structure
and group goals. Pressures among groups affect groups and socicty.
In a rapidly changing society,flexibility in adopting new roles is
important for individual survival.

20 Undiorstanding of man's behaviour as a member of a social
group has bean gained partly through the study of group behaviour
in other organisms.,




In what ways hag man cuxtended his ability to explore and manipulate
hig “nvironment?

21 The ubility of inan to lcarn about his e¢nvironmint and to
make use of it has buun increased by man-made devices and pro-
cedures which extend his sensory percupticn and mental abilities
and his ability to usc his eown enorgy to move and to manipulate.

22 The accuracy, sensitivity and range of man's scnsory per-
ception has bucn extended by developmunt and usc of instruments
and communication devices.

23 Man's capacity to learn has becn increascd by the organiza-
tion of cxisting knowledge and by procedurcs, such as the use of
theorices and modi:ls,for c¢cxtending knowledge.

24 The precision and speced of mental processcs has beun in-
crcased by the development and use of devices for processing,
storing and retrieving information.

25 Man's ability to move in his cnvironment, to move things
and to pcurform activities, by usz of forces he can exert within
his own ability and energy range, has been increased by the devel-
opment and usc of mechanical devices, tools and machings,

In what ways has technology changed man's environment?

26 Man's dusire to make the world a better place in which to
live, in terms of maturial comforts, fimancial and national security,
has led to great technological advances. One consequence has been
an exploitation of the natural environment to the cxtent that man's
futurec in his natural environment has been jeopardized. An under-
standing of this situation involves a knowledge of how technology
has affected man and the natural environment.

27 Technology has made increasing demands on thoe world's
resources of raw materials. Man has rapidly incrcascd his efforts
to discover more duposits of thuse matuerials, extract them from
their present localitics and preparc them for use.

28 The scarch for raw materials has been accompanied by a
scarch for synthetic substitutes and for new materials that will
better serve the purpose desired,

29 Technological advance has dcpended on the development of
bettcr machincs and the availability of cnergy &t reasonable cost.
This has led to a search for new encrgy supplies and the develop-
ment of procedures for making energy more readily availablc.
Devices to transform encrgy inte usable form have becn developed.,

30 Technological society has required the rapid movement of
encrgy, men and goods from place to place. Transport and trans-
mission facilities have boen developed to cope with this require-
ment.

31 Technology has led to improvement of man's material comforts-
housing, appliances, working conditions, clothing, hygienc, leisurc
activities.

32 Man's health has bencefited from improved food production
due to better land managument and usage, improved processing
methods and better techniques for provention, control and treat-
ment of disease and body disorders.

33 One area of technology is concerned with space rescarch
which includes the ustablishment of artificial satellites. A
significant portion of this arwva has devcloped from defence
requirements,
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34 Associated with tuchnological advance thiere his buwen

depletion of natural resourcus and addition of pollutants to
thte unvironment,

What changes in the cnvironment take place nuturally? How has
man_interfoersd with thesy changes?

35 The impact of man upon the natural envircnment can only
be understood if the changes that tak. place naturally arc known.
Man should rvalize that hu occupics only a small place in the

universe but his cffeucts on the ~arth and the life on it arc
far rcaching.

36 Living organisms exist in ccosystems in which a balance
exists among the various organisms present and their physical
environment,

37 The materials and structurves in the carth's crust are
subjcect to continuous but slow change. Cycles of change arc

present and balances exist among crustal components and their
environment.

38 The climate of the carth is affucted by many factors in-
cluding seasonal variations, latitude, occan currcnts, topograph-
ical fcatures, movements of sir masscs. Balances exist and cycles
of change occur. There is a gradual change in climatc due to
certain changes in cnergy rclationships.

39 The universe, of which carth is part, is an cvolving body
of matter and encrgqy. Certain gradual, unidircctional changes

are evident in stars and plancts. Many changes occurring arc
cyclic.

40 Life on the warth is undergoing gredual but significant
unidirectional evolutionary changes.

41 Man can use his understanding of his own functicning as

an individual and as a group member, and the cffect he and his
technology have bhad on the natural environment to eovercome present
problems of pollution, over-population and depletion of natural
resources. He can znjoy and make better use of natural resources

and, at thc same time, conserve them and the life dependent upon
them.

SCIENTIFIC KNOWLEDGE

42 The following six themes have been chosen to assist in

deciding which ideas from the totel sum of scientific knowledge
should be included,

43 The six themes arc important idecas in science., Other
ideas may, in general, be accommodated within thueir framcwork,

I Thu matter of the universe can bc organi®cd into units

44 The term 'unit' refers to any building blocks that can
be organized into hierarchies, Thus at one time it way be
appropriate to trcat the cell as a unit of mattery at another,

a single animal or part of the total population could constitute
a unit,

II Units can be organized into hierarchies

45 Units rcan be classified into levels of organization such
that a numbuer of units of any one level arc combined to form a
simgle unit at the next higher level., For example, certain atoms
arc combined to form a single unit, a molecule, at thoe noxt
higher luvel,
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With few exceptions, a unit at any one level includes units from
) all lower levels as components and is itself a component of units
at all higher levels.

46 A number of different hierarchies can be constructed, but
all share the same lowest levels, for all matter consists of the
same types of sub-microscopic units, namely, sub-atomic particles,
atoms or ions, molecules., Above the sub-microscopic level,
hierarchies differ according to the particular portion of the
universe they describe,

47 There can be considerable diversity in structure and size

among units at any one level of organization, for example, among
molecules or among organisms.

II1 The behaviour of units can_be described and predicted

48 An important outcome of adequate scientific description and
analysis is a capacity to make predictions. The analysis requircs
the use of models, mathematical and statistical methods, intuition
and logicel reasoning.

49 Statistical methods enable prediction of the average
behaviour of all units in a system. given the observed or deduced
behaviour of a small but adesquate sample. Statistical methods do

not enable prediction of the behaviour or properties of individual
units.

50 Description and prediction can proceed by the use of
theoretical models. Although they cannot be proved, models such
as the laws of thermodynamics and the theory of evolution are
powerful in facilitating explanation and prediction as they have
becn found to be consistently valid.

IV Motion is an _essential part of most phenomena

51 Many phenomena may be described in terms of changes iu
properties or behaviour. These changes may be described as being
consequences of motion of units of matter. For example, the whole
field of current electricity can be explained in terms of the
motion of charged particles.

V Units interact within the dimensions of time and spacc

52 Interactions amang and within units of matter may produce
changes in form, properties or position, In the physical sense,
this interaction can be described in terms of electro-magnetic,
gravitational or nuclear forces (or fieclds), and can therefore

be readily reduced to mathematical analysis. Units of living
matter cannot be readily interpreted in like manner and it is more
fruitful to study the behaviour of genetic material in terms of
coded information and the energy transformation required to
utilize this information in life processcs,
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53 The planets, natural satellites, stars, galaxies, and
galactic systems are subject to transformations in substance,
form, and position. Thuse transformations involve exchanges of

matter and energy and the systematic motion of celestial bodies
in a gravitational field of universal dimensions. Movements of
the varth and moon serve as convenient bases for time units.




54 Materials of the rarth undergo transformations. The rocks
are products of changes in the form and organization of the matter
of which they are composed. In most instances, changes ftom one
rock type to another also involve changes in volume, shape, and
positicn of the material, The movement of molten rock material
to the earth's surface and thc transportation of sediment to the
sea by rivers are familiar examples of changes in position. In
contrast to the rclatively slow geological changes, nuclear
particles may undergo extremely rapid changes.

55 Several patterns of interaction are characteristic of
living organisms:

55.1 Non-living matter becomes involved in processes and
forms characteristic of living matter, but eventually
returns to the non-living state. In a community,
there is a cyclic transfer of matter between the
various organisms and their physical environment.

55.2 The spatial distribution of individuals in a community
results from interaction with the environment.

55.3 There are sequential patterns in the growth and
fluctuation of populctigns,

55.4 There is an ecological succession of various communi-
ties in a newly formed hahitat.

55.5 A great diversity of types of living organism has
evolved over a very long period of time.

56 Uther patterns of interaction in the natural world include:
56.1 The cyclic transfer of matter; for example, in the
water cycle, convection ciells, distribution of solar
ENErgy.

56.2 Stellar evolution sequences in the birth and death
of stars.

56.3 Sequences of geological events, as revealed by
patterns in rock strata.

56.4 Successive stages in the evolution of landscapes
characteristic of particular climates, rock and soil
types.

56.5 The sequential development of soil types.

VI Interactions between units tend toward a state of esguilibrium

57 Man's experience has shown that two great principles
apply without exception to every interaction. These two
principles are gmbodied in the first and second laws of
thermodynamics.

58 In the process of attaining wquilibrium energy transfor-
mations and/or matter transformations occur. In most casecs
energy is conserved and matter is conserved. Where matter-anergy
transformations take place, the sym of energy plus matter is
conserved, These conservations arc cmbodied in the first law

of thermodynamics.
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59 The second law is concerned with changes in matter - the
direction of these changes is such that greater randomness may
occur in a system, but the reverse is not observed unless energy

is supplied, i.e. complex molecules may disorganize into simpler
components, but the reverse does not take place unless considerable
free (or available) energy is available.

60 - In living systems a relatively constant organization may

be maintained, e.g., the charge on a cell membrane or the sugar
level in the blood, but this requires the expenditure of energy
with disorganization and death resulting if organism, or community,
fails to utilizc energy appropriately.

61 Homeostatic, or autosregulating mechanisms, to ensure

metabolic stability and energy balance are characteristic of
living organisms.

62 The complex interactions of many different types of living
organisms and their physical environment stabilize with the
emergence of climax communities.

63 The input and output of energy from the earth as a planet
is in balance, and results in patterns of atmospheric circulation.

64 All non-living systems tend towards either a minimum of
potential energy or maximum randomness of molecular motion. The
most disordered state has the greatest probability.

THE NATURE OF SCIENCE

—

65 In the following description of the nature of science it
is not implied that the statements made apply to science-as a
unique study. The statements cculd be equally valid for other
forms of human activity. It is appropriate to draw attention to
certain aspects of scicnce whether or not they are shared with
other disciplines.

66 A study of the history of science is important as a means
of gaining insight into the nature of science.

67 An awareness of the transformations engendered by science
in man's thinking and beliefs in the past will help in developing
an understanding of the impact of science and related technologies
on past and contemporary society.

68 Sciecnce is a method of creating patterns out of the many

things and happenings in the universe. The patterns are made

by man and are his way of looking at nature. They represent the
insight of the persons making them, Science is both the method

of creating patterns and the patterns themselves.

69 One of the main methods of creating patterns is the use

of experimental inquiry to look for constancy, to look for events
or characteristics of events that repeat, always giving the same
answer in the same circumstances. These constancies form a
powerful tool for explanation and prediction, which can be verified
by experiment.

70 The procedures of inquiry used by scientists follow no

one clearly defined path. Therc are many procedures which can be
followed in many different sequences but all of which lecad to the
extension of scientific knowledge.
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4! The patterns include generalizations, general scientific:
ideas that act as cores or thinking, i.e. the laws of science
which can be regarded as generalired records of observed facts of
nature, and finally, there is a small number of big ideas which
act as integrative bonds transcending subject boundaries. Con-

ventions are adopted by scientists and are part of the pattecrns
created.

12 Scientific knowledge consists of the patterns created by
man. The essence of scientific knowledge is found in its conceptual

framework, which is made up of the major patterns described by
scientists.

73 The patterns (laws, conceptual schemes, conventions etc.)
are not unquestionable statements of the truth, but change as
scientific understanding improves or changes. There is no
absolute knowable truth.

74 Some discoveries are the direct result of planned investi-

gations and are frequently based on the work of teams of scientists
from several subject areas.

15 Some patterns are conceived only through insight, and not

by gradual step-by-step, planned investigations. \henever new
phenomena do not fit cxisting patterns (currcntly accepted theories)
preconceptions can hinder and delay progress.

76 Sometimes scicnce advanccs by the interaction of theory and

technology, each providing information or technigues which can be
used by the other.

17 Modern scientific research is costly and rcquirecs team
work. Large sums have been allocated to such enterprises.

78 There are more people currently engaged in scientific
research than ever before in the whole history of science. 0One
direct result is the greatly increased output of published
scientific literature.

USE GF THL ABOVE THREE AREAS OF CONSIDERATION

79 The environmental scheme is coherent, logical and consistent
with Project aims. It is the main source of ideas for inclusion
in the Project materials.

80 Ideas that arise from consideration of the environmental
scheme are, for the most part, ideas concerncd with scientific
knowledge and/or the nature of science. Subscquent consideration
of the latter two arecas gives risc to further ideas, appropriate
to the schemes outlined, and suitable for inclusion with the
environment based ideas in @ topic for classroom study.

81 The latter two arecas arc used occasionally as the prime
basis for inclusion of ideas. In such a case, an idua is included
from one of the two schemes, and the othur two are considered for

further idoas that may be joinod with tho basic idoa to fit into
a_suitable L nic T claso oo g
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act as integrative bonds transcending subject boundarics. Con-

ventions are adopted by scientists and are part of the patterns
created.

12 Scientific knowledge consists of the patterns created by
man, The essence of scientific knowledge is found in its conceptual

framework, which is made up of the major patterns described by
scientists.

73 The patterns (laws, conceptual scheémes, conventions ete.)
are not unqucstionable statements of the truth, but change as
scientific understanding improves or changes. There is no
absolute knowable truth,

T4 Some discoveriwss are the direct result of planned investi-
gations and arec frcecquently based on the work of tcecams of scientists
from several subject areas,

75 Some patterns are conceived only through insight, and not

by gradual step-by-step, planned investigations. \lhencver necw
phenomena do not fit cxisting patterns (currcntly accepted theories)
preconceptions can hinder and delay progress.

76 Sometimes science advanccs by the interaction of theory and
technology, esach providing infourmation or techniogues which can be
used hy the other.

77 Modern scientific research is costly and rocquires team
work. Large sums have been allocated to such cnterprises.

78 There are more pecople currently engaged in scientific
rescarch than sver before in the whole history of science. UOne
direct result is the greatly increased output of published
scientific literature.

USE OF THE ABOVE THREE AREAS OF CONSIDERATION

79 The environmental scheme is cohcerent, logical and consistent
with Project aims, It is the main source of ideas for inclusion
in the Project materials.

80 Ideas that arise from consideration of the environmental
scheme are, for the most part, ideas concerned with scientific
knowledge and/or the nature of science. Subscquent consideration
of the latter two arcas gives risc to further ideas, appropriate
to the schemes outlined, and suitable for inclusion with the
environment based ideas in a topic for classroom study.

81 The latter two areas arc used occasionally as the prime
basis for inclusion of ideas. In such a case, an idea is included
from one of the two schemss, and the othur two are considered for
further ideas that may be joined with the basic idea to fit into

a suitable topicfe:r classroom study.

82 Some ideas are used as topic bases for reasons other than
that they arise from the cnvironment scheme, the six themes, or
the nature of science as outlinced, However, such instances are
few in number. -

83 When a topic has been nominatcd as suitable for development
into a classroom unit, it and the ideas in it are judged according
to a set of criteria. On the basis of these criteria, the topic

is rejected or amended to meet the roquirements. The procedures and
criteria used are explained in detail in a scparatas paper.
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38 (updates 4)
DEV/LEH/KR
9 October 1970

Australian Science Education Project

USE OF THE INQUIRY APPROACH

1 The Australian Science Education Project has resolved to
produce materials aimed at encouraging inquiry, whilst developing
skills and attitudes that will enable the individual to ingquire
efficiently and be able to resolve relevant problems, In this
paper the use of the inquiry approach in ASEP materials is
described. In outline, the discussion involves the following
stages:

a) an explanation of inquiry.
b) +the rationale for an inquiry approach.

) the place of content in an inquiry approach.
d) the advantages and disadvantages of an inquiry
approach.

(e) the role of the tzacher.
(f) guidelines for material development officers.
(g) the inquiry approach in action.

What is the inguiry approach?

2 Essentially, to use an inquiry approach is to apply the
processes of science. That is, inquiry will involve the individual
in activities of identifyihg problems, observing, measuring, o
classifying, ordering, inferring, predicting or forming hypothesis,
searching for and discovering meaningful patterns, designing and
carrying out experiments, interpreting and analysing the data, and
vexifying the validity of the conclusions reached.

3 In the classroom situation these activities can range

between two extremes - tezcher-centred and student-centred situations.
In the first of these the activities are controlled by the teacher

(or an instruction manual); here the teacher (or manual) carefully
directs the student towards a desired, pre-determined outcome.

At the other extreme, control rests with the student. Here no
direction or guidance is given and the final outcomes are not

known in advance.

4 In addition to these two extremes of student inquiry, the
teacher may inquire into his own teaching method. In this way,
the teacher becomes aware of teaching as a dynamic process in which
he observes the learners, collects data about them,interprets the

L data, makes diagnoses in terms of the learner, the situation and
the goals, and finally modifies his behaviour in terms of these
diagnoses.

! 5 Must inquiry only apply in an acfivity approach? We believe
not. Inquiry includes the process of thinking. Sitting alone
and pondering a problem without the aid of concrete props is another

facet of inquiry. As we see it, inquiry involves a balance between
o thought and action.

e

S7

e e S ke g B ;

e L i s mns e eh




What is the reason for using an inquiry approach?

6 The basis for presenting science as inquiry rests upon the
following principles which we have accepted as working hypotheses.

\Je believe that

6.1 active involvement is superior to passive
reception in learning.

6.2 learning occurs best when the situation
stimulates without coercing and provides for
success rather than failure.

6.3 to develop creativity and thought the student
must be given opportunities requiring thinking
and creativity.

6.4 students need to be taught the methods of
scientific inquiry.

In placing an emphasis_on the processes of science what
will be the place of content?

T Underlying statements made in support of the usec of the inquiry
method is the implication that "it does not matter whether the
student learns any particular set.of facts, but it does matter
whether he learns how much fun it is to learn to observe and
experiment, to question and analyse the world without any ready-
made set of answers and without any premium on the accuracy of
his factual results eeeeese="s This implication has resulted
in the claim that the use of the inquiry method over-emphasizes
the processes of science and disregards the content. Such a
claim will not be true of ASEP materials. A careful study of
the Project aims, and the paper, "The Main Ideas in ASEP
Materials" will show that in these materials the need for both
process and content are satisfactorily considered.

The advantages and disadvantages of an inquiry approach

8 An advantage of an inquiry approach would be the favcourable
attitudes to science, and the behavioural changes which would
follow. Some examples of these are as follows:

B.1 The development of attltudes which will predispose an
individual to: .

B.1l1 demand evidence in support of claims.
B.12 postpone judgment when available evidence is

1nconclu51ve.
che ;
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What is the reason for using an inquiry approach?

6 The basis for presenting science as inquiry rests upon the
following principles which we have accepted as working hypotheses.

\/e believe that

6.1 active involvement is superior to passive
reception in learning.

6.2 1learning occurs best when the situation
stimulates without coercing and provides for
success rather than failure.

6.3 to develop creativity and thought the student
must be given opportunities requiring thinking
and creativity. '

6.4 students need to be taught the methods of
scientific inquiry.

In placing an emphasis on the processes of science what
will be the place of content?

7 Underlying statements made in support of the use of the inquiry
method is the implication that "it does not matter whether the
student learns any particular set of facts, but it does matter
whether he learns how much fun it is to learn to observe and
experiment, to question and analyse the world without any ready-
made set of answers and without any premium on the accuracy of
his factual results e......1". This implication has resulted
in the claim that the use of the inquiry method over-emphasizes
the processes of science and disregards the content. Such a
claim will not be true of ASEP materials. A careful study of
the Project aims, and the paper, "The Main Ideas in ASEP
Materials" will show that in these materials the need for both
process and content are satisfactorily considered.

The advantages and disadvantages of an_inquiry approach

8 An advantage of an inquiry approach would be the favcurable
attitudes to science, and the behavioural changes which would
follow. Some examples of these are as follows:

Bsl The development of attitudes which will predispose an
individual to:

B.1l1l demand evidence in suppert of claims.

B.12 postpone judgment when available evidence is
inconclusive.

8.13 change opinions in the light of incompatible data.

Bs1l4 have confidence in tackling new problems.

B.15 seek rational explanations.

B.1l6 be receptive to change and flexible when required.

B.l7 be persistent.

B.18 be critically tolerant of the opinion of others.

B+19 seek natural causes of observed phenomena.

B.20 be creative in his approach to problem solving.

1 A.R. hibbs : "Science for Elementary Students." Teachers
College Record, 63, 136-142, (1961)
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9 The development of specific skills or abilities that will
enable the efficient use of inquiry to the solving of relevant
problems. These would include:

9.1 the ability to clearly identifying the problem.

9.2 the ability to use relevant resources.

9.3 the ability to plan and carry out an investigation.
9.4 the ability to collect and order data.

9.5 the ability to present information and communicate
to others.

9.6 the ability to assess and =xtend the information
obtained.

10 The development of such attitudes and behaviours could
result in students who are more independent, systematic, empirical
and inductive in their approach to life. These students would be

better equipped to appreciate the nature of science and its role in
shaping their everyday lives.

11 We believe that teaching science by inquiry can lead to
increased motivation, longer retention of knowledge, increased
transfer and more complete understanding of what science is. As
a result we believe that students can be expected to continue work
on similar or related problems long after the primary task has
been completed. Though the available evidence is_limited,
experiments such as that reported by Hurd and Rowel, seem to show
that an inductive inquiry approach is superior to traditional
deductive methods, in that the cognitive achievement of students
using this method match that of those usinj deductive methods,
while their learning of the methods of science and their scientific
attitudes are significantly superior. The superiority of the
inductive method is due to it offering active involvement in
learning and more meaningful experiences.

12 The disadvantes of an inquiry approach mainly apply to two
areas = the content versus processes consideration, and the class-
room practicality. On the first point the critics are numerous,

and the following statements summarize their point of view:

"the science curriculum should give the student a feeling
for science as a selectively and sequentially organized

structure of knowledge. This is no less important
than impogting the view that science is a method of
inquiry."

"it is also somewhat unrealistic to expect that subject

matter content can be acquired incidentally as a by=-prcduct
of problem=-solving or discovery expsrience."3

"the goals of the science student and the goals of the
scientist are not identical. Hence students cannot

lsarn science effectively by enacting the role of a
junior scientist."d
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problems. These would include:
9.1 the ability to clearly identifying the problem.
9.2 the ability to use relevant resources.
9.3 the ability to plan and carry out an investigation.
9.4 +the ability to collect and order data.
9.5 the ability to present information and communicate
to others.
9.6 the ability to assess and extend the information
obtained.
10 The development of such attitudes and behaviours could

result in students who are more independent, systematic, empirical
and inductive in their approach to life. These students would be
better equipped to appreciate the nature of science and its role in
shaping their everyday lives.

11 We believe that teaching science by inquiry can lead to
increased motivation, longer retention of knowledge, increased
transfer and more complete understanding of what science is. As
a result we believe that students can be expected to continue work
on similar or related problems long after the primary task has
been completed. Though the available evidence is_limited,
experiments such as that reported by Hurd and Rowez, seem to show
that an inductive inquiry approach is superior to traditional
deductive methods, in that the cognitive achievement of students
using this method match that of those using deductive methods,
while their learning of the methods of science and their scientific
attitudes are significantly superior. The superiority of the
inductive method is due to it offering active involvement in
learning and more meaningful experiences.

12 The disadvantes of an inquiry approach mainly apply to two
areas - the content versus processes consideration, and the class-
room practicality. On the first point the critics are numerous,
and the following statements summarize their point of view:

"the science curriculum should give the student a feeling
for science as a selectively and sequentially organized
structure of knowledge. This is no less important
than impogting the view that science is a method of
inquizry."

"it is also somewhat unrealistic to expect that subject
matter content can be acquired incidentally as a by-product
of problem-solving or discovery experience."

"the goals of the science student and the goals of the
scientist are not identical. Hence students cannot
learn science effectively by enacting the role of a
junior scientist."

2 P. de Hart Hurd and M.B. Rowe: "Science in the Secondary School"
Review of Educational Research, June 1964. p.289

3 Ausubel, D: "The Evaluation of the Conceptual Schemes
Approach to Science Curriculum Development," Journal
of Research in Science Teaching, Vol 3, 255,64, 1965.
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These objections highlight the need for careful appraisal
of inquiry approaches tc sciencc tceching., However, we believe
that the criteria that have been adoupted for the selection of

subject matter should ensure a balance between both the processes
and the content of science.

14 One objection to the widespread use of inquiry is that
of practicality. Inquiry procedures will certainly be more time

consuming, and possibly more expensive, so that teachers could
be concerned with these difficulties,

15 There may be doubt about the extent to which the inquiry
method can be efficiently used at all developmental stages.

Some research* has shown that the inductive method, where students
learned by directed self-discovery favoured above-average students
while the lecture-demonstration, deductive method favoured the

below average student. We believe that the inquiry approach
should be used throughout the materials, but the degree of direction

should be varied to meet the individual needs of students at each
of the developmental stages.

The role of the teacher in an inguiry approach to science

16 Une role of the science teacher must be to inquire

into his own teaching. Teachers must bhe encouraged to apply

the inquiry method as a means of self-examination of their own
teaching behaviour. This examination involves lacating what

it is learners do when they inquire, and becoming aware of the
behaviours the teacher exhibits that stimulates the learners to
undertake inquiry. The teachers' inquiry into his science
teaching will involve a systematic examiration of his own teacher-
behaviour in an attempt to extend his awareness of the range

of, and consequences of, his behaviour upon a given group of
learners.

17 The teacher can instil a sense of inquiry by becoming an
inquirer himself. For example, he may not know the answer to

a problem, but he may, with his students' help, study and resolve
it. It is important that the teacher is not seen as a reservoir
of knowledge. Students will enjoy having their teacher involved

in discovering with them. By being an inquirer a teacher encourages
healthy skepticism of authority. By continually asking for

empirical evidence, not just opinion, he teaches inquiry by
example,

Guidelines for ASEP Materials Development Officers

18 The preceding discussion has indicated the relevance of
the inquiry approach to science teaching and in outiining the
advantages and disadvantages of the method, several features

emerge which lead to guidelines for the materials development
-steff. These are listed below.

18.1 It is recommended that no one method of inquiry be
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VE Letll adopled Tow e selection of
SUbJECt matter should ensure a balance between both the praocesses
and the content of science.

14 One objection to the widespread use of inquiry is that

of practicality. Inquiry procedures will certainly be more time
consuming, and possibly more expensive, so that teachers could

be concerned with these difficulties.

15 There may be doubt about the extent to which the inquiry
method can be efficiently used at all developmental stages.

Some research* has shown that the inductive method, where students
learned by directed self-disccvery favoured above-average students ;
while the lecture-demonstration, deductive method favoured the i
below average student. We believe that the inquiry approach
should be used throughout the materials, but the degree of directian

should be varied to mee't the individual needs of students at each
of the developmental stages.,

The role of the teacher in an inguiry approach to science

16 One role of the science teacher must be to inquire

into his own teaching. Teachers must be encouraged to apply
the inquiry method as a means of self-examination of their own
teaching behaviour. This examination involves locating what ;
it is learners do when they inquire, and becoming aware of the ;
behaviours the teacher exhibits that stimulates the learners to )
undertake inquiry. The teachers' inquiry into his science

teaching will involve a systematic examination of his own teacher-
behaviour in an attempt to extend his awareness of the range

of, and consequences of, his behaviour upon a given group of

learners.

17 The teacher can instil a sense of inquiry by becoming an
inquirer himself. For example, he may not know the answer to

a problem, but he may, with his students' help, study and resolve

it. It is important that the teacher is not seen as a reservoir

of knowledge., Students will enjoy having their teacher involved

in discovering with them. By being an inquirer a teacher encourages
healthy skepticism of authority. By continually asking for
empirical evidence, not just opinion, he teaches inquiry by

example,

Guidelines for ASEP Materials Development Officers

18 The preceding discussion has indicated the relevance of
the inquixy approach to science teaching and in outlining the
advantages and disadvantages of the method, several features
emerge which lead to guidelines for the materials development
stoff, These are listed below.

18,1 It is recommended that no one method of inquiry be
adopted by ASEP developers. Different approaches, e.g.
programmed instruction, guided inves igation,
demonstrations, unguided discovery, etc., should be
provided ut all stages of the child's intellectual
growth, and the choice should be made on the basis of
the desired outcomes. There has been inadequate
research done for any decision to be made that at any
one davelopmental stage, e.g. the concrete stage, a
particular inquiry technique is more favourable than
any other.

* M"Differences in treatment due to the stage of development" B
L.G. Dale (ASEP), and B) s
"Piaget's Theory of Intellectual Development" H, Ginsberg
& S. Opper (Prentice~Hall) 1969. o0 5/-




18.2

18.3

16.4

18.5

18.6

18.7

18.8
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Inquiry can be used in achieving cognitive objectives
but the use might be confined to activities in which

a high degree of guidance is to be given.. In designing
materials aimed at developing processes, skills or
attitudes, the method could be widely used. Activitiss
should be planned which will involve the student in
problem~solving tasks involving varying degrees of
freedom from instructions to be followed.

For the student to be able to think and be creative

he should be given opportunities requiring thinking
and creativeness, This implies the need to produce
materials that involve him in exciting and stimulating
experiences. Materials must be designed in such a
way that the student makes his own decisions, and to
saome extent chooses for himself the direction of
further activities. In our opinion problem-solving
skills are developed more efficiently in the presence

of a high degree of student activity, responsibility,
and decision.

The arguments put forward in favour of time-cost
should be considered so that inquiry methods are not
used exclusively when the same objective could be
achieved in less time and with the2 use of alternative
materials,

No matter what ability or behavioural change is to
be achieved, this will only result from re-current
experience, Materials should be designed to allow
for repetitive use of problem - splving skills.

laterials should be produced to show some historical
aspects of science, and to give the studcnt examples of
how a scientist has used inquiry. This approach will
enable the nature of science to be better understood

by the student, as he comes to appreciate the behavioux
of scientists.

It must pe stressed that the success of inquiry methods,
even those that involve little teacher directinn or
control, still depend to a high degree upon the ;
philosophy of the teacher. There is great danger in j
imposing a particular teaching procedure upon teachers
who do not have the personal characteristics to use

it efficiently. This is particularly true in programs
which are essentially laboratory-centred. It is
therefore recommended that in the preparation of the
Teacher's Guidez and in planning the Teacher Education
program, considerable emphasis be given to the
teacher's role in the use of the inquiry approach.

A P B v s
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Consistent with 18.1above, it is suggested that the
materials developed for the first trials should in- ;
corporate a wide variety of learning procedures. Where %
an inquiry approach is considered desirable the -
selection of the type of activity should be determined 4
by the nature of the materials and the objectives to S
be achieved. o ‘
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The inguiry aggroacH in action

19 The following diagram is a model which represents the range
of activitices in which inquiry is used:
N guidance
no external ’gu1dance | \Ehk
\

// guidance - s piannad
// .- iconclusion
no external
/ guidance

_/: AN

N

 E oS pn o s v Y s 7 Y s g i e e

et agy L e
et D

situation! i statement of l -
i , problem
, v
/7 | opened=ended 4
: > 3
- no external _ _37/ B
guidance : o
..guidance 1
20 In the model, situation represents any experience designed j

by the teacher or presented in the material, which is encountered by
the student and which is motivating to him. (Note: Despite the
fact that the situation may be planned in advance by the teacher,
or the materials, this will not be considered as guidance.)

21 The_statement of the problem is that stage in which a
question is posed. The model indicates that the question may be
the result of a decision of the student (no oxternal guidence), or
a decision made by the teacher, or text, etc., (guidance).

22 A planned conclusion is the solution to the question or
procblem which had been pre-detemmned before the situation was

experienced.

23 Dpen-ended refers to the unplanned conclusion (theories,
generalization, etc.) which were not anticipated when either the
situation was planned, or when the statement of the problem was
made.

24 This model leads to six clearly defined inquiry activities
which may be briefly summarized as follaows:

24.1 Type A - fully guided activity after problem presented.

24.2 Type B - student posaes problem, then complete
guidance given.

24.3 Type C = student makes all decisions, no external
ERIC guidance given.

Mt rame auidance 'is aiven




activities in whaich inquiry 1ig use

//;r,—guidance\\\
no external ﬂuidance\\ '~k
- : d . .
// guidance : STanneod
.7( : - ' conclusion
/ no external
/ guidance
i , , .
] ~ v .
situation! i statement of Q\
| i , problem \
! { !
\ // | opened-ended !
A e rd
) - no external _ _37/
guidance :
uguidance
20 In the model, situation represents any experlence designed

by the teacher or preaented in the material, which is encountered b
the studént and which is motivating to him. (Note: Despite the
fact that the situation may be planned in advance by the teacher,
or the materials, this will not be considered as guidance.)

21 The_statement of the problem is that stage in which a
question is posed. The model indicates that the guestion may be

the result of a decision of the student (no cxternal gquidance), or
a decision made by the teacher, or text, etc., (guidance).

22 A planned conclusicn is the solution to the question or
problem which had been pre-detemmhed before the situation was
experienced,

23 Open-ended refers to the unplanned conclusion (theories,
generalization, etc.) which were not anticipated when either the
situation was plunned, or when the statement of the problem was
made.

24 This model leads to six clearly defined inguiry activities
which may be briefly summarized as follaws:

24 .1 Type A = fully guided activity after problem presented.

24.2 Type B - student poses problem, then complete
guidance given.

24.3 Type C - student makes all decisions, no external
guidance given.

24.4 Type D - similar to C, but some guidance is given
between posing the problem and reaching a
conclusian.

24.5 Type £ - open-ended: after initial problem is given,
some intermediate guidance may be given.

24.6 Type F - open-ended, after problem is given there is
no external guidance.

.62 7,
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More detailed explanations of these activity types are
given below. In each case illustrative examples have been given
but these should not be taken to be indicative of ASEP materials.

25 Type A: Here the situation is presented to the student and
he is continually guided to reach the planned
conclusion. This model is typical of the activities
in J55P and many similar projects. It is essentially
guided inquiry.

26 The following examples chosen from published science materials
illustrate model Type A.

26.1 A text seguence - e.g. programmed instruction designéd
to establish quantitative relationships in proportion.

" One of the ways in which we gain knowledge of the
physical world is to measure certain properties of
physical events, and look for relationships between
these properties. Ffor example, pressure and volume
are two properties of a gas, and we could look for
some relationship between these quantities. What

happens to the volume as we change the pressure?"

In this section we shall examine some of the methods
by which such relationships are discovered and
analysed,

4 The simplest relationship between two
sets of measures is one of simple pro-
portion. This means that if we double three
one quantity the second also doubles.
Three times one quantity corresponds to
eeseeeatimes the other quantity.

2 The mathematical symbol for "is proport- | is pro-

ional to" is < . So W= V is read portional
W.............V. to

3 If V represents the volume of a piece
of silver, and W represents the weight,
then if we double the volume of the double
silver we would expect tO ecceececsee
its weight. :

4 If we halved the volume we would «.¢ce halve
the weight.

5 This type of relationship is known as
direct proportion, and we say that the proport-
WEight is R EEEEER to the VDlume. ional

2642 A directed activity - e.g. measuring directions, as
in JSSP Card 201.

(The following is a quote from this card: "On your
circle diagram, label North 0° and East 90° with
small neat figures just outside the circle. Your
diagram should now look something like this.")

.- v h e —— o Aot ¥ e o e e e s —tenan s e T Vet oy

4 Ne.Wilson: A Progrémmed Course in Physics, Form V. Teaching
Part 1, Time, Space and lMotion, Angus & Robertson Ltd.
Q ‘ 1966' p023
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2643 Using a model ~ e.g. how to use a mercury thermometer.
JSSP Card 511,

(The following is a section of this card: "When you
are using the thermometer make sure that the bulb at

least is surrounded by the material being examined" -
see diagram 4.)

It should be noted that in this type of activity only
one problem or question is to be resolved. If part
of the procedure involves a subsequent question to

be answered, then either a new sequence has begun
(situation - question - etc.) or the activity has
become open=-ended.

27 Type B: In this activity the student poses the question but
then proceeds through guidance to the planned
conclusion. Here the situation has been so contrived

that all of the questions which the student could ask
could be used to guide the subsequent activities
towards the achievement of the planned conclusion.

28 Examples of this type of activity are the following:
28.1 The student is directed to heat a number of substances,
which either melt, boil, or sublime. No question

is posed but the class are asked to write down a
number of wondering why questions which gguld be
investigated further. Each question can then be
investigated by the class, and through teacher
guidance, the planned conclusion that"heat is needed
to bring about a change of state" can be achieved.

28.2 The Chem. Study Experiment No.24 = The development
of a logical model.

29 [ype C: In this activity the student is the sole decision=-
maker. He receives no external guidance and is

open to reach any conclusion, i.e. in the ultimate
sense, Type C inquiry leads to new information
through pure discovery.

30 For this type of activity the only prerequisite is the
situation, which invariably will be "an exciting experience."

In developing materials it is necessary to either suggest these
experiences, or produce them, in the form of audio-visuals. The
very nature of purely open-ended activities will severely limit
their inclusion in ASEP materials, but their importance should not
be under-estimated. They represent many of the experiences the
student will encounter in his everyday life.

1 An example of Type C is the following: A stoppered flask,
partly filled with a clear liquid, stands on the laboratory bench
alongside a sign which reads, "please shake." On shaking the

flask the student observes the solution to turn blue, and then
after standing for a few minutes to again become colourless.
On re-shaking the colour changes are repeated.

JUNPPEIITY




32 Type D: This type of activity, similar to Type C, begins
with an exciting experience after which the student "states
the problem" without any external guidance, and finally
reaches an unplanned conclusion i.e. open-ended. However
between stating the question and reaching a conclusion
varying degrees of guidance are given either by the teacher,
or manual, or similar resources.,

a3 An example is that in which a student initiates a research
project of his own but at times seeks external guidance. The
following also demonstrate the procedure:

33.1

33.2

The student is given a number of large ball bearings
(¥") and some of 1" diameter and a long sloping track.
He is directed to place some of the balls together
and then allow other balls to impact with this group.
He is not limited in the number of combinations he
may try and can pursue any further activity he wishes.

Many of the research activities in the JSSP project
or the excursions used in the ISCS project would also
be examples of these open-ended activities.

34 Type E:This activity is also open-ended but differs from the

previous type in the degree of guidance. Here the
student is channelled in a specific direction by
being presented with a specific problem to be studied.
Following the statement of the problem the student

is given some further guidance but is then able to
proceed without additional external assistance to
reach an un-planned conclusion. This type of activity
will frequently appear as an off-shoot of an activity
of types A or B, where after achieving the desired
result, further questions arise which result in an
open-ended inquiry.

35 For example the following typical laboratory activities all
lead to Type £ activity:=-

39.1

35.2

3543

In the PSSC Experiment III-3 the student is directed
to carry out a specified activity using the Inertial
Balance, but he is finally left with the problem
"How could this device be used to measure the
acceleration of an automobile?"

The student is directed to carry out a reaction between
concentrated nitric acid and copper metal in order to
study the process of oxidation and reduction, On
completion of the experiment tne following questions
could be posed:

"Why did the solution become hottex?"
"What caused the solution to turn blue?"

Many demaonstration lessons fall into this category
in that several questions usually result from them,
and in many cases the child is only given partial
guidance towards a solutione. In this type of
activity the subsequent inquiry may be carried out
without the aid of any concrete props.

........10
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36 Type F: In this activity the student is presented with the
problem to be resolved but is then given no further
external guidance,

37 The example
had read "Why does

quoted for Type C would apply here if the card
this change colour on shaking?" The rhetorical

question posed during demonstrations or in written material also

give examples of this type of activity.

38

The following, taken from the Elementary Science Study

topic "Mosquitoes" is a further example:

What Animal Do Mosguitoes Prefer to Bite?

Two scientists wantad to find out which animals one
type of mosquito liked best to bites. They put a cow,
a goat, a pig, a dog, a cat, a chicken, and even a
man in a room and let mosquitoes in it. Later the
mosquitoes were caught and the blocod which each
mosquito had eaten was looked at. Chemicals were
used to test the blood to see which animal it had come
from, The chart shows how many times the animals
were bitten during the experiment.

Number of

Animal times bitten
cow 238
goat 125
pig 69
inan 24
dog 17
cat l8
chicken 9

Why do you think cows and goats were bitten more than
dogs and chickens?"

39 It should be noted that in all of the activities described
there are two common features:

1 In each activity the student is required to make
some decisions.

and 2 Each activity involves the student in some of the

tasks of
ioeo- a)
b)

40 In practice

problem=solving.

stating the problem

carrying out an investigation
collecting data

organizing data

formulating an hypothesis
assessing his conclusions.

it is difficult to prescribe an inquiry activity

which only develops a specific ability, such as, the ability to
assess information, and in fact the activities described would

develop several of

the abilities specified in the taxonomye. In

the production of materials the Material Development Officers
should be guided by the need to develop these abilities as well
as the need to apply the inquiry method in the variety of ways

described.
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41 In addition, it is important to remember that problem-solving
skills are developed by re-current practice. Therefore if it is

intended to develop some manipulative skill related to problem-
solving, such as learning how to locate information, then the
student must be given adequate instcuction in the skill and then
given practice until the skill is achieved. Similarly, if we wish
to develop the ability to analyse problems, or interpret evidence,
then the skill must first be learned and then classroom situations
frequently provided when an opportunity will be provided to use the
skill, There is no easy way of teaching children tn use the
abilities of problem-solving other than setting classroom situations
which call for their repetitive use. However it is not necessary
that the student be presented with situations calling for the use
of the complete problem-solving technique - beginning with the
recognition of the problem and endiny with a conclusion. The
method does pgt have to be practiced in its complete cycle. It

is quite possible, and evcn desirable, to plan activities designed
to achieve only certain aspects of the technique, and this has been
demonstrated in the examples chosen.

42 Further guidance in the use of the inquiry method can be
obtained by reference to the papers where the clarification of
ways dealing with subject matter is discussed.
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Australian Science Education Project

A TAXONOMY OF ASEP OBJECTIVES

Pre~amble

The purpose of the taxonomy is to facilitate the clessification of ASEP
objectives within a framework that is both clearly defined and consistent with
recent thinking in science education.

Several taxonomies were considered, including Bloom's taxonomy, the IEA
Project list of teaching objectives for science, the BSCS testgrid, and the
JSSP taxonomy. Of these, the Bloom, IEA and BSCS all contained aspects useful
in the classification of ASEP objectives but no one system was considered to be
completely satisfactory. (The Bloom taxonomy could not be adopted since it was
found difficult to relate the categories specifically to science. In addition
facility in using the taxonomy would be enhanced if the number of major categories
was reduced to four.) The JSSP taxonomy, which was a modified form of the Bloom
taxonomy, was considered to be satisfactory, if each of the sub-divisions were
further itemized, and in the taxonomy presented this has been done.

The ASEP taxonomy is intended only to be used for the classification of
ASEP objectives. It does not attempt to state which of these objectives are
more desirable and should receive greater emphasis nor does it cover devices
used by dewigners of the materials to facilitate achievement of the objectives.

In this classification, the following broad areas of learning are recognized:

Knowledge
Processes
Manipulative Skills
Attitudes

The four broad areas are interdependent and should be regarded as different
facets of the same entity. Within each category the examples chosen are purely
illustrative and do not imply ASEP objectives.

KNOVLEDGE

Knowledge is defined to include those behaviours and test situations which

emphasize remembering, either by recognition or recall, of ideas, materials or
phenomens,,

The sub~classifications extend from the specific and relatively concrete
types of behaviour to the more complex and abstract. Thus the knowledge of
specifics refers to types of knowledge or information which can be isolated
and remembered separately, while the knowledge of abstractions emphasizes the
inter-relations and patterns in which the information can te organized or
structured.

Vhile it is recognized that knowledge is involved in the more complex major
categories of the taxonomy, the knowledge category differs from the others in
that remembering is the major psychological process involved here, while in the
other categories the remembering is only one part of a much more complex process.

1 Specifics

Knowledge of separate pieces of information, qualitative or quantitative,
wvhich together constitute most of the bulk of scientific knowledge. Such
information includes meanings of words which are part of the language of science,
description of properties of things or situations relevant to science, statements
concerning categories in classifications or positions in sequence and relationships
between specifics.,




Much specific knowledge is at a concrete level e.g. 'the disc rotated at
20 revolutions per second', but it can be quite abstract e.g. the definition of
the term 'inertia', axd so includes much of what is commonly known as 'concepts'.

The criterion for placement in this category is that the information concerns
one specific instance, place, term, thing, structure, relationship, sequence or
category whether or not the specific relationship, sequence or category is itself
quite abstract in nature but provided that the information is not a statement of
a generally accepted scientific principle or law. For example, ‘'energy' is an .
abstract term and a single statement concerning energy or energy relationships )

is a specific, but the statement of the principle of conservation of energy fits
in category 2.0 .

1«1 Xnowledge of Terminology

H e r ekl s P A wa

Knowledge of words and symbols used in science for concise description,
including both the terms and their generally accepted definitions or
meanings, and names of structures or things. The terms may be specific e.g.
eye, day; or may refer to a category in a classification system e.g. mammal;

or a sequence e.g. dichotomous branching; or a relationship e.g. reciprocal,
second generation.

The criterion for placement in this category is that the information !
gives definite meaning to one term - a word or words, symbol or symbols i
used to represent one entity. E

1
L4 H

Exemples: thermometer 7 galvanometer
Taurus mammal kidney tubule
relative humidity copper octave
potential energy oxidation reduction photosynthesis

1.2 Knowledge of Specific Facis

Knowledge of separate pieces of information, qualitative or quantitative,
obtained by the application of the processes of scientific investigation or
relevant to knowledge of science.

This category includes all specific information that is not Terminology.

Examples: -
Taurus is the constellation between Aries and Gemini

Sound is transmitted by longitudinal wave motion of air particles
Memmals are vertebrates

Fish first appeared during Devonian times

2 Integrations

Knowvledge of the ways of organizing, studying, Jjudging and criticizing ideas
and phenomena. This entails knowledge of the method of inquiry, the major ideas,
schemes and patterns by which phenomena and ideas are organized, and the standards
of judgement. This category does not include the actual ways and means - i.e. the
processes, rather it is passive awarencss of the existence and use of these processes.,
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one speciflic instance, place, term, thing, structure, relu{lothlp, sequence or
category whether or not the specific relationship, sequence or category is itself
quite abstract in nature but provided that the information is not a statement of
a generally accepted scientific principle or law. For example, 'energy' is an
abstract term and a single statement concerning energy or energy relationships
is a specific, but the statement of the principle of conservation of energy fits
in category 2.0 .
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1.1 Knowledge of Terminology

Knowledge of words and symbols used in science for concise description,
including both the terms and their generally accepted definitions or
meanings, and names of structures or things. The terms may be specific e.g.
eye, day; or may refer to a category in a classification system e.g. mammal;
or a sequence e.g. dichotomous branching; or a relationship e.g. reciprocal,
second generation.

The criterion for piacement in this category is that the information
gives definite meaning to one term - a word or words, symbol or symbols
used to represent one euntity.

-

Examples: thermometer . galvanometer
Taurus mamnmal kidney tubule
relative humidity copper octave
potential energy oxidation reduction photosynthesis

1.2 Knowledge of Specific Facts

Knowledge of separate pieces of informetion, qualitative or quantitative,
obtained by the application of the processes of scientific investigation or
relevant to knowledge of science.

This category includes all specific information that is not Terminology.

Examples: .
Taurus is the constellation between Aries and Gemini
Sound is transmitted by longitudinal wave motion of air particles
Mammals are vertebrates
Fish first appeared during Devonian times

2 Integrations

Knowledge of the ways of organizing, studying, judging and criticizing ideas
and phenomena. This entails knowledge of the method of inquiry, the major ideas,
schemes and patterns by which phenonena and ideas are organized, and the standards
of judgement. This category does not include the actual ways and means - i.e. the
processes, rather it is pussive awareness of the existence and use of these Dhrocesses.

2.1 Knéwledge of Methodologyv and Conventions

Knowledge of set methods of inquiry, techniques, and procedures employed
in a particular field. DEmphasis is on the knowladge of the method not on the
ability to use the method. Thus before engaging on inquiry techniques the
student will be expected to know about suitable methods; that is, objectives
in this category are concerned with the ability to recognize or recall this
knowledge. Ability to use the knowledge is categoriZed under Processes,

Examples:
How to use a mercury-in-glass thermometer
Where to use capital letters when writing genus and species names
Accepted abbreviations for scientific units
Designs of experimental investigations /3




‘. Examples: (Continued)
How to make a key for identifying invertebrate animals

How to use a library reference to obtain relevant information
Rules for laboratory behaviour

How to evaporate a solution to dryness
How to dissect a mammal

2,2 Knouledge of Patterns

Lnowledge of systems of classification, general sequences and trends
evident in scientific information or into which such information can be
organized. The criterion for this category is that the knowledge concern whole
systems of classification and complete sequences.

Knowledge of how to classify or to look for sequences and trends is
included under 2.1/Knowledge of details concerning each class or relationships
within a sequence or classification is included under 1.2. Ability to classify
or determine trends or sequences is categorized under Processes,

Examples:
The classification ¢f elements into metals and non-metals é
The classification of insects into major orders :
The evolutionary sequence
Classification of substances by magnetic properties
Stages in the life of a radio-active substance
Trends in the teaching of science over the past fifty years
The life cycle of a frog

The solubility curve for potassium chlorate for a specified range of
temperatures

2.3 Knowledge of Abstractions

Knowledge of principles, laws, models and theories recognized by scientists

(but not necessarily currently acceptable) and useful in explaining, describing
and predicting.
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Objectives in this category are concerned with recognition or recall of
acceptable versions of the particular abstractions. Knowledge of specific
instances or of relevant details is included in 1.2. Ability to form abstract-
ions or to use them in new situations is included under processes and ability.
Statements of generalizations from experimental results, e.g. metal oxides are
basic, are included in 1.2.

Examples:
Major principles such as equilibrium, etc.
Newton's Laws of motion
The principle of conservation of momentum
‘the Rutherford Bohr model of an atom
The theory of evolution
The Lowry-Bronsted theory of acids and bases
The Laws of Heredity

The inter-relations between chemical principles or theories - i.e. enthalpy
and entropy

PROCESSES AND ABILITIES

This area of the taxonomy covers ways in which knowledge of science is obtained,
organized, interpreted and dealt with in various other ways. To some extent, success
in the use of these processes, like ability to learn or recall knowledge, is dependent
upon certain mental abilities that are common to all fields of learning. However, the

taxonomy is based on the use of an inquiry or problem solving approach rather than
upon the mental abilities involved.
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Emphasis is on ability to use each process in situations relevant to and
» requiring some kmowledge of science.
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1 Ability to plan an investigation

1.1 The ability to use knowledge of science and of methodology in
particular, to plan an investigation.

These include,

1.11 ability to plan such details as finance, equipment, services,
space and time required for an investigation.

1.12 ability to design items of equipment for a specific purpose
1.13 ability to modify given equipment for a particulaxr purpose.
1.14 ability to design the layout and assembly of a set of equipment.

1.15 ability to plan the sequences and procedures to be followed in
an investigation.

1.16 ability to design and prepare tabulations for recording data.
1.17 ability to predict and avoid possible safety hazards.
1.18 ability to relate design of equipment to the theoretical problem

1.2 Ability to state the problem
This includes the ability to formulate the problem and state it firstly

as a general intention then in concise form as a workable hypothesis. This
includes the ability to

1.21 ability to identify the problem(s)

1.22 ability to identify necessary assumptions

1.23 ability to define clearly the quantities to be measured

1.24 ability to specify controls required for other variables

1.3 Ability to outline a procedure to be followed

The use of knowledge of methodology and of equipment to plan a suitable
sequence of investigation using appropriate instruments and techniques.

1.31 The ability to plan the procedures required for an investigation
1.32 The ability to prepare tables for recording data
1.33 The ability to screen and judge the design of experiments

2 Ability to carry out an investigation

This is the next logical step in an inquiry approach although it does not
preclude further planning as the investigation proceeds.

It involves the collection of relevant information and the analysis or
organization of findings in the search for meaningful patterns or abstractiona.

k O Tt does not include the evaluation of the findings or statement of them or the
- ERIC>hysical manipulation of equipment,

IToxt Provided by ERI
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These includo,

1.11 avi_ity to plan such deteils as finance, equipmont, sorvices,
space and time required for an investigation.

1.12 ability to demign itoms of equipment for a specific purpose
1.1% ability to modify given equipment for a particular purpose.
1.14 ubility to dosign the layout and assembly of a set of equipment.

1.15 ability to plan the sequences and procedures to be followed in
an investigation.

1.16 ability to design and prepare tabulations for recording data.
1.17 ability to predict and avoid possible safety hazards.
1.18 ability to relate design of equipment to the theoretical prodblem

1.2 Ability to state the problenm

This includes the ability to formulate the problem and stute it firstly
as a genoral intention then in concise form as a workable hypothesis. This
includes the ability to

1.21 ability to identify the problem(s)
1.22 ability to identify necessary assumptions
1.23 ability to define clearly the quantities to be measured

1.24 ability to specify controls required for other variables
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1.3 Ability to outline a procedure to ve followed

The use of knowledge of methodology and of equipment to plan a suitable
sequence of investigation using approprinte instruments and technigues.

1.31 The ability to nlan the procedures required for an investigation
1.32 The ability to prepare tables for recording data
1.33 The ability to screen and Jjudge the design of experiments

2 Ability to carry out an investigation
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This is the next logical step in an inquiry approach although it does not
preclude further planning as the investigation proceeds.

It involves the collection of roclevant information and the analysis or
organigation of findings in the search for meaningful patterns or abstractions.
It does not include the evaluation of the findings or statement of them or the
physical manipulation of equipment.

2.1 Ability to assemble equipment
This would include the

2.11 ability to assenble and operate cquipment according to known
principles but without instruction

2.12 ability to dismantle, check, clean, pack and return, or dispose
of equipmont

2.13 ability to locate faults or isolate errors in the equipment
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2.2 Ability to cclleoet data

Relovant information cun be obteined indirectly from verbal (oral or
written) md audio-visual sources or by direct observation of actual things,
equirment and sitvations. The physical manipulation of eouipment is
clasred under lianipuiative S<ills, Uhe use of simple measuring techniques®
such as readihg a seale fite in this cutegory,

This category includes

2.21 the ability to carry ovt measurenents of such dimensions as
distance, w.ight. volume, “imec ana to estimate tenths of a
scale division.

2.22 the abilily to caxrry out accurate and prompt observations
2.23 the ability to make detuiled ohaexvations

2.24 the ability vo sclect and operate cassette films, microfilm
and audio tapes

2.25 the ability to ure rerference sournes

2.26 the ability to road unateviul of appropriate reading difficulty
with speed aud couprehension

2.27 the aobility to undersiand symbolic notations, and interpret
data pres2ntoed in tables and graphs
2.3 Ability {o orgenize daln

The ability to use known methodology in a search for natterns and
rolationships in data., This iavolves tho usoe of such techniques as
classification, tabulotion, uerial ordering, graphing, diagrammatic
represnntation, statisiical analysas in order to detect relationships
between elomenis of date or totueen previous knowledge and elements of data.

This category doec nol include a critical examination of the organized
data or the formulation of a sicicaent of findings.

This category includes the:

2.31 ability to recori mensurements by numbers, tritten legidly, in
an appropriate tahilatio:n

2,32 ability *o uoo avdio und visual recording aervicea, particularly
tapo rocorder and cauera

2.33 ability to mal'e summarios and notes from reference material

2.34 aobility to use ¢ classification koy for the identification of
a specimen

2,35 ability to re-arrange datu into tables or hierarchical sequences

2,36 ability to sslect ayppropriats scales for the graphical
ropresontation 5 a net of data

2.%7 ability %o substitute nrnbess into sinple algebrale formulae
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This cutlegory includes

2.27

the ahility to carry ouvt measurements of such dimensions as
distance, welght, volume, time and to estimaie tenths of a

scale division,

the abilily to carey out accurate and prompt observations

the ability to meke detailed ohservations

the ability %o select and operate cassette films, microfilm
and audio tapes

the ability to use reference sources

the ability to road material of appropriate reading difficulty
with speed and comprehension

the abilitly to understiand symbolic notations, and interpret
data presented in tables and graphs

2.3 Ability to organize data

The ability to use known methodology in a search for patterns and
relationships in data. 7This involves the use of such techniques as
classification, tabul=tion, sewial ordering, graphing, diagrammatic
represantation, statistical analysis in order to detect relationships
between elements of dats or between previous knowledge and elements of data.

This category does not include a critical examination of the organized
data or the formulation of a statcment of findings.

This category includes the:

2.31

2.32

2433

2.37

3 Ability to

ability to record measurements by numbers, written legibly, in
an appropriate tabalatiorn

ability *c use audio and visual reccording serv1ces, particularly
tape recorder and camera.

ability to male summaries and notes frou reference material

ability to use & classification key for the identification of
a specimen

ability to re-arrange dats into tables or hierarchical sequences

ability to select appropriate scales for the graphical
representation 5 a set of data.

ability to substitute numbers into simple algebreoic formulae
to find an unknoun.

present informatior

—— A vty 2o § A ST -0 © Ve

The ability to communicate information by verbal (oral and written) and
visual means (diagrams, drawings).

Emphasis is on the preparetion of a communication for later use by the

e.g. tabulation, raphing) do not rit into this category but the final product

geraon concerned or by others. Techniques used Tor the organization of deata

graph, table etc.) may.
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This includes the ability to:

3.1 ability to compose a systematic, carefully planned written report

3.2 ability to present a short verbal report

3.3 ability to contribute significantly to discussion in a small group

3.4 ability to contribute to a more formal discussion in a large group

3.5 ability to seek out people who may help in an investigation e.g.

teachers,

and be able to tallk freely with them.

3.6 ability to ask questions of use in an investigation, without relying
too heavily on a large amount of such assistance.

3.7 ability to represent data diagrammatically

3.8 ability to prepare geological or astronomical maps

4 Ability to establish new information

Ability to critically examine available information, to extend it and apply
it to new situations and to integrate relevant portions into coherent statements.

Evaluation by critical examination is an essential part of dealing with
knowledge of science and to some extent it comes into all categories of
processes listed. In this category emphasis is on the evaluation and extension
of information obtained or available. Evaluation of equipment and techniques and
the design of new equipment and techniques is covered under category 1.

This category includes

4.1 Ability to AssessInformation

The ability to use knowledge of science to locate possible sources of

error and
be placed

4.1
4.12
4.13

4.14
4.15

4.16

4.17

4.18

to determine, in consequence, the degree of confidence that can
in findings obtained.

ability to detect inadequate control of variables
ability to distinguish between observation, hypothesis and opinion

ability to distinguish the model from the observations the model
was derived to describe

ability to identify inconsistencies in collected data

ability to extract from collected data evidence relevant to a
given hypothesis

ability to compare hypotheses with accepted laws, observations
and opinions

ability to identify the limitations within which any given
hypothesis or law may be expected to apply

ability to recognize and eliminate common systematic errors,
€.8s Z€ro error
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teachers, and be able to talk freely with them.

%.6 ability to ask questions of use in an investigation, without relying
too heavily on a large amount of such assistance.

%7 ability to represent data diagrammatically
%.8 ability to prepare geological or astronomical maps

4 Ability to establish new information

Ability to critically examine available information, to extend it and apply
it to new situations and to integrate relevant portions into coherent statcments.

Evaluation by critical examination is an essential part of dealing with
knowledge of science and to some extent it comes into all categories of
processes listed. In this category emphasis is on the evaluation and extension
of information obtained or available. Evaluation of equipment and techniques and
the design of new equipment and techniques is covered under category 1.

This category includes

4.1 Ability to AssessInformation

The ability to use knowledge of science to locate possible sources of
error and to determine, in consequence, the degree of confidence that can
be placed in findings obtained.

4,11 ability to detect inadequate control of variables
4,12 ability to distinguish between observation, hypothesis and opinion

4,13 ability to distinguish the model from the observations the model
was derived to describe

4.94 ability to identify inconsistencies in collected data

4.15 ability to extract from collected data evidence relevant to a
given hypothesis

4.16 ability to compare hypotheses with accepted laws, observations
and opinions

4.17 ability to identify the limitations within which any given
hypothesis or law may be expected to apply

4.18 ability to recognize and eliminate common systematic errors,
€.g+ ZEero error

4.19 ability to understand the size of a number and the nature of its
dimensionality

4.2 Ability to extend information

The ability to extend information beyond that already available by
making inferences, changing the form or sequence, making estimates within
a given pattern (system of classification, trend or sequence), or predicting
beyond a given pattern, and by application to new situations. This category
also includes the combination of relevant and significant information into
patterns (systems of' classification, major trends or sequences) generalizations,
and abstractions (statements of principles, lavs, models and theories). I{ is
within this category that skills of creativity or imaginative thinking are
classified. A

)
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4.21 ability to compere new data with previous data

4.22 ability to interpolate from known data
4,23 ability to extrapolaie beyond knovn data

4.24 gbility to apply scientific laws or principles to new or
unfamiliar situations

4,25 ahility vc consiruct a theocetlical model

4.26 ability to idcurticy cheraciuristics by which classes of
objects nay bu specified

MANIPULATIVE SKILLS

These are the acts of physical r-anipulation which are essential in the
conduet of scientific invostigzatioas.

Knowledgc ol things and couipment is included under the category, Knowledge
of Specifics 1.Knowledge of tht moihod or procedures used in handling things and
equipment ir jfucluded in Knowledg: ¢ Hethodology, 2.1. The ability to
communicate knowledge has teen incluced under the category, Ability to Present
Information, 3.

In thic pajor area we are only concerncd with classifying the ability to use
materials and equipment. Thz category contains the manipulative skills which
students otudying science in gredes 7-10 might be expected to have developed.

For practicuzl purposes the list of skills given as examples is not exhaustive.

Examples:

Dissection of a :ouse

Using a spactroacope

Measwring feunperature of a liquid

Blowing & bulb in a glass tuve

Modifying a galvanoweter for use as a voltmeter
Setting up equipment accrrding to imsdiructions given
Heating a liquid in a plass vessci

Accurate use of measuring cquinment, including weighing
Transferring ol liguids from oaz container to another
Using a bunscn burner or ity equivalent

Using the microccope

Handling of dangerous liquids, solids and gases
Using soldering equipmont

Preparatiou of a solutiocn

Shaping glass tubing

Preparing microscors slides

Reading a scaie

Wiring an electric cirends

Using sources of enewgy

Handling living things

Making observations using ophical. instruments
Assembling laboratory apoaratus

ATTITUDES, VALUES, TNIERESTS AlD HABITS

This section of Lhe taxonomy is concernsd with patterns of preference for
certain behaviours in given situwations. The tevms ‘'attitude', 'value' and

‘interest' are vagus and ars interpreted in dlfferent vays by dlfferent
authorltnen. In thig ftaxonony they osre svguped b
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unfapriliczy situations
4.2% ahility tvc consiruct a iheoretical model

4.26 ability to ideurniiy cheracturistics by which classes of
objects ney bo specified

MANIPULATIVE SKILLS

These are the acis of physical ranipulation which are essential in the
conduct of scieatific investizatioas.

Knovledge ol things and couipment is included under the category, Knowledge
of Specifics 1.Knowledge of thu meilsd or procedures uged in handling things and
equipment ie jucluded in Knowledg: ¢f Hethodology, 2.1. The ability to
communicatc knowledge has lecn inoluded under the category, Ability to Present
Information, %.

In this major avea we are only concerned with clessifying the ability to use
materials and equimwent. The cetegory containg the manipulative skills which
students studying science in grades 7-10 might be expected to have developed.

For practicul purposes the list of skills given as examples is not exhaustive.

Examples:

Dissection o a :ouse

Using a spz2ctroscope

Heasuring %euperature of a liquid

Blowing & obulb in a glass tuve

Moditying a galvanometer for use as a voltmeter
Setting up equiprent zcenvding to iunstructions given
Heating a liguid in a glass veasci

Accurate use of measuring aguipment, including weighing
Transferring ol liquids from oaz container to another
Using a hunsen burnexr or its equivalent

Using the microcceope

Hendling of dangerous licuics, sclids and gases
Using soldering equipmont

Preparation of a solutica

Shaping glass tubing

Preparing microscorz slides

Reading a scaie

Wiring an electric cirenis

Using sources of energy

Handling living thiangs

Making observations using ophical insirvments
Assembling laboratory apoaratus

ATTITUDES, VALUES, TRIERESTS AKD HABITS

This sec%tion of ‘he taxonomy is concernad with patterns of preference for
certain behaviours in given situaticns. The terms 'attitude', ‘value' and
'interesi' are vagns and are interpveted in different ways by different
authorities. In this taxonomy they svre grouped together as orientations in
thinking which give rise t{o behavisurs indicating preference. Habits are
categorized scparatuly as beheviouwws involving little thought.

1 Yalues, Attitudes and Tnierects

" et e vt pams

These terms commonly refer to preferred orientations in thinking which may
lead to chosen behaviours.
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Example: A preference for statements supported by evidence, rather than
for unsupported statements.

This may lead to & person seeking evidence for statements, or

basing actions on a supported statement rather than on an
unsupported statement.

Example: A preference for asking questions and investigating aspects of
the environment.

2 Habits

These are tendencies to perform certain actions in response to the
appropriate stimuli with littlc thought.

Examples: Recording observations promptly
Cleaning teeth regularly
Wearing a seat belt

Notes

a

] The above categorization of processes according to stages in an investigation
does not affirm <that this is a unecessary of even desirable sequence.

2 When classifying objectives from learning materials:

(i) All knowledge requiring recall and relevant to the field of science
is classified under 'Knowledge'.

(ii) Objectives concerning the use of equipment will be categorized under
both Manipulative Skills and Processes,

(iii) there there is doubt concerning the categorization of an inferred
objective the alternative categorization should be given in brackets.

3 tthen classifying objectives from test items:

(i) Most test items test mou:e than one objective. The main objective
of each item should be emphasized by underlining. Where doubt
occurs, alternative categorizations should be given in brackets.

(ii) For multiple choice items, initial categorizaticn should be based on
the correct answer to the item. Following this, categorization of

the other distractors could also provide useful information on their
consistency.

(iii) A gvod test item is written so that there is negligible difficulty
in reading the item or understanding vhat it relates to. Difficulty
should be related only to determining the correct answer. Obviously
bad items should be listed as such and need not be categorized.
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43 (updates 27)
DEV/LD/VK
20 November 1970

Australian Science Education Project

PREPARATION OF SECOND SPECIFICATIONS OF A UNIT

e el S i e e S —————

The following description of second specifications is intended as
8 guide to developers. Different units will be specified in different
ways but developers should include all relevant aspects described below,
Actual headings and layout .used are at the discrttion of the developere.

Main heading

ASEP DEV/developer's/
initials
(date)
SECOND SPECIFICATION OF A UNIT

(unit number)

ritle L. 4E00%RE L

Stage sevreeeen Specified by: (developer’s initials)
Discussant: Cectescctcssssctccscncsans
Research Officer: cesssssssssasasassessee

Estimated length .... 40 minute periods

1 If a minimum length of time is needed, for example, for growth of
plants, this should be stated here also, The estimated length of each
part of the unit should be shown at the beginning of the description of
each part or on the flow chart.

What the unit is about

2 Write an introductory paragraph, stating briefly what the unit is
about, in the form of what the students will do, This should be a succinct
summary of the unit,