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ABSTRACT

During the past decade, new biological curricula and
courses have been formulated and incorporated into New Zealand
education, Implied is that this 'new' biology is also a 'better’
biology.

However, recently two trends have been notgced, Firstly,
the world wide 'drift' from science continues umsbated, Secondly,
research in biology, especially in 'pure' biology is declining,

The 'drift' and the 'decline' in research continues in
spite of new curricula at ingr~“uctory levels. The drift from
biclogy is obvious at the break between secondary and tertiary
level education, Some factors which contribute to this drift can be
found in secondary school biological education, Quantification,
reductionism and factualism have been described. These factors can
be classed as consciously or unconsciously held presuppositions
or assumptions which are held by biological educators, They may
not know that they hold these presuppositions, but curriculum
mekers and text writers reveal them when they write. Exploration
of the unstated assumptions, possibly held by text writers and
curriculum makers, is an important exercise in this thesis, For
example, biological educators may never explicitly state that the
'new' biology is a "better' biology. Instead by their writing it
can be concluded that they do indeed make this assumption,

If biological research is deelining and a drift from
biology is continuing, it seems necessary for some unstated
assumptions or presuppositions to be made explieit, Furthermore,



three poseible remedies - the upgrading of biologloal theory,

the extension of the observation phese, and the incorporation

of the theory snd methods of Watural History - are outlined,
Biologleal theory, if emcouraged in int:. uetory bdiologloal
education could promote unorthodex, but fruitful aspproaches to
old and new problems in biology, Secondly, if the three adbove
remedies are incorporated, the drift from blology mey be sbated,
The mixed artsebiology students, could then advenoe ints tertiary
biclogy without “eing hamstrung by pre-requiasites, Yorsover, it
seems probable that biologieal rescareh ocould bemefit from this
substantial but currently neglected group, They seem to be cher-
agterised by having strong theoretical oientations which, if
sustained, could benefit future hicloglosl rescarech and bilologlcal
educstion,



NEW _BIOLOGY: A BEITER BTOLOGY?

Puring the ninetecen sixties, prescriptions in secondary
school biology were changed, Niological text-books, laboratory guides,
and curricula have been modified, The old 'dogfish « earthworm® biology
had been transformed into a'nmew'biology, which stresses molecular
aspects of biology:

"Muring the past year or two, the Yew Tiology

in full official gard has begun to take the secondary

schools by storm in a fashion uncomf'ortably reminis—

cent of the triumphant progress of the ew “athematics,

Introductory courses in blology ere being renovated,

with the emphasis shifted {rom worms and dogfish to
the beauties of nucleic acids,

Yet the most excliting end significant aspect of
recent progress lles precisely lLere: perhaps for the
first tine ~ or at least more insistently now than ever
before = the key theme of a acientif'ic biology is
beconing a reelity instead of a pious hope.

"hat theme is the development of a umified and
guantitative theory of .ow living organisms function,
expressed in terms of the most fundamental explanatory
congepts that can be used,”

(neiner 1969).

Neiner does express some cuncorn about the enthusiasa with
which educational poligy=-nskers formulate curricula, but he assunes,
it seems, that this change from '0ld' hioclogy to 'new' biology can
do nothing but good for the future of biology.

In Yew "ealand, in the nineteen sixties, policy-makers
decided that modifications in biological educstion were necessary.
Sixth and seventh form courses were renovated n the manner deseribed
by Reiner, A text bock, and an accompanying laboratory guide have
been published by the Curriculum Development Unit of the Department
of Education, ("Biological Science, Processes and Fatterns®, 1969).
This presc~ibes work for sixth foms, A teachers' gulde has also
been published with an agcompeanying cyclostyled lasboratory guide
which caters for seventh forms, (Form Seven Teachers' Guide,



University Bursary/Scholarship”, 1970).

It is aleo probable that the fifth form biology
preseription is due for modification and updating in the near future,

The cost of these ‘laborate and extensive putlicatioas,
and the finance necessary for raw materials for practical work, is
lerge, The poligy-mekers had to convince the Department of Education
that these new courses would give value for money, That they scem
to nave achieved pleusibility is surely some indiecation of the
enthusiasm of the policy-makers end curriculum developers,

In general the 'new hiology' in Vew ”ealand has been
based upon the Piological Curriculum Studies courses developed in
Coloradc, U.,0,A, The Wuffield Poundation of the United Kinglom
hove also been used as a model on which to develop Mew "ealend
biological education, 't thus seems that the trana’ormation from
'01d' to "new' biology came about as a result of muci: careful
rlanning end convincing., The work required in the orgenisation of
'in-service training courses' to keep biology teachers aware of
the types of changes being rought, in the curricule must have been
stupendous,

Enthusiasm for change was probably catalysed by an
assumption that biology seems to have arrived at e point where a
revolution was teking place, This revolution seemed to indicate
that biology would be expleined in terms of the chemistry of
molecules, If this occurs, biology would seceom to be attaining a
maturity level sinilar to chemistry, 7t would therefore appear
that changes in biological education toward molecular biology
would reprveent en advance over the 'old', Furthermore, the recent
breskthroughs in the genetic oode (since Crick 1953) seemed to
indicate that most future biological research would be concentrated
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et the molecular level.

This situation seems to i‘mply a type of orthogenesis
or 'straight-line evolution', That is,the future will be exactly
like the past, The past suecesseg of molecular biolosy, it is
assumed, will guarantee its future, The policy makers in blology
seem implicitly to have accepted this situation, Yet it really
means that the future will be non orthogenetic, I1f biology is to
'advance' the future must be continually changing, Thus there seems
to be a peradoxical situation, The policy skers asssurie a guaranteed
future for moleculay biology, while on the other hend blology in
general will keep chenginge Also it means that past success is no
guarantee of an essured future,

it 1s the responsibility of biological eduestors to
prepare future rescarchers beginning at introductory levels so that
they can enter research well grounded in the relevant approaches
and informetion, Consequently biclogical educ~tion is very important,

Nut, desrite the newly developed courses in biology being

set in motion on a national scale, a major rroblem has arisen,

The 'Swing' or 'Drift' From Science,

There is evidence indicating trends which are percolating
throughout science including biology:

"Recruitment in the pure and basic sciences
continues to show a relative decline, Mot only are
the basic sciences attracting relatively fower
recruits than the social sciences and humemilies,
there is evidence that the average calibre of the
British recmiits (as indicated by A-level pass rates)
is also fallingl"

(D, Stenhouse 1965)



There is 2 'swing from science'. REvidence csn be cited
from overseas (British and American journals) but it will be shown
that the 'swing' is —ore widespread th*n this, The major contributing
study to the "swing' or 'drift' from science 1s the Dainton Report

(1968):

"For the present it is clear that the trends with
time against sclentific studies are general and by no
means confined (0 Vestern Zurope or even the Morthemn
Hemisphere, Tt is therefore the more likely that they
sten from very deep seated causes relating to the
nature of the appeal of science and technology to
young people under meny diverse educational snd social
conditions,”

(reinton Report 1368,
Faragraph 125),

Lvidence suggests that e numbar of factors may bde
contributing to the "swing':

*"he present position, however, is thLat desyite
the impressive advances of modern rescarck, and, although
in the mortified wordes of thr Dalnton “eport, 'notiing
Justifies a movement eway from these subjects in schools'
sixth formers have revealed something less than seal for
scientlfic studies, Un this point there is small comfurt
to be Jderived from recent stories of a reduction in the
8. ing from science if; as scems likely, all ti.at is
heppening is an adjustment of subject cholice to the
economics of the higher education market place,”

(r. Layton 1972),
Secondly, it is proportiopelity which is important, and
which (eccording to Dainton) complexifies the situation:

"0n this basis, 1t tums ocut that from 1962 to
1967 the proportion of students in the sclence group
fell from L2 per eent to 32 per cent, while the
proportion in the non science group rose from 58 per
cent to 6 per cent, The Report points out, that
because in thoose same five years, the propurtion of
the whole age group going on to the sixth formm rose
steeply from 11,5 per cent to 17 per cent, there was
an over all absolute inorease in the number of science

]
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The situstion for fustralie 18 little different:

"The 19€7 numbers are also available, They show
that in that year more then twenty thousand new
undergraduates entered the Austrslien Universities
37.6 per cent of them going into the sciences and 62,4
per cent into the arts fields ... The national figures
for 1267, showing in one year a fall of 3 per cent in
the proportion choosing science, are striking indeed,
and show that the trends of the 1962-(6 pericd were
continued in 1967 « and on the face of it, cunsider-
ably accelersted,”

(Thornton 1968),
The effects of the drift may eventually heve widespread
national reperoussions:

" ese In 1962 the total nust~yr of new under-
graduates who enrolled at all Australien un’‘versities
was close to 14,5 thousand, Of t ose new undergraductes,
53«4 per cent enrolled in arts and 47,6 per cent
enrolled im scicnoe, Tn 1260 the totel had grown to 22
thousend, and the proportions became 59,4 per cent in
arts and L0.,6 per cont in sciences, In four years there-
fore, the proportion choosing soience hal fallen from
46.6 per cent to 40,6 per cent, = decrease of & per
cent; at the seme time (end necessarily becsuse T am
taking a simple and exhaustive dicrotomy) the proportion
choosing arts increased by € per cent rising from 53,4
per cent to 59,4 per cent,”

(Thomton 1768).

"T"he danger liee in the fact that while our
(r~itain's) national welfare has become increasingly
dependent on engineering, technology, a:d science,
the percentage of 'dedicated young scientists' entering
the sixth forms has dropped from 41,5 per cent in 1361
to 3.4 per cent in 1966, Thisz means that science-based
activities of sooiety are rapidly losing favour emong
the brightest of R“ritain's young people ‘ust at a time
when our national economy has been experiencing crisis
af'ter crisis, This deliberate turmning away from
engineering, technology, science, medicine and related
work, will have far reaching effects on recruitment to
those secotors of our national activities which are
dependent upon soience, and will aggravate the effects
on soclety of the brain drain at high levels of
expertise,”

(Rosenhead 1968),
Brien (1968) also emphasises the repercussions:



"Boys and girls in upper forms in our
schools are inereesingly rejecting secience
as a fleld of study - the report establishes this as
& fact, supported by sbundant convinocing statistical
evidence, This bald statement needs some emplification
as the :ituetion is complex, embodying several distinct
trends, Thus =

a) "ore young people are staying on at school - the
netional sixth fom is getting bigger cevery time,

b) As a result of this general increase, the ab
number of pupils taking scientific subjects is otill

¢) Nevertheless the proportion of sclence students
staying on at school is atead’'ly deelining, thus
there is a relative decrease in science students,

And if the last mentioned trend continues, then
in the very near future, the sbsolute number of
candidates coming forward from school to univeraity
to study seience or technology will decrvase,

As the Report emphasises, it 1s fron this stream
that we get nost of our dentists, wveterinarians,
scientists, technoclogiste and enjgineers, e have here
the makings of an alamming national situstion which
¢o:1d Jeopardise national development in the 1370%s,."

(Brian 1968),

"Tt is comnon;iace tiat the f'ace of science can
now transform itself within a decade; less familiar
are recent changes in the natterns of recruitment to
it, Against every economic of educational prediction,
the proportion of young =ble men mnd vomen entering
physical science zubjects et Snglish universities has
begun to decline,”

{L. "udson 1968),
The reasons for the 'drift' are probably very complex,
For example, one reason may be that there is opportunity to attempt
new subJjects at tertiary levels which were not pert of the school
surriculum, Soclal factors may also be involved, Evidence for this
comes from an American joumal:

"Somewhat more than half of those who in high
school planned careers in science or engineering change
their minds _uring the freshman year, Tn subsequent
years the ranks are thimned only hy about 20 per cent
based on those who continue ¢0 graiuation, One reason
~tems from appre¢isting for the first time the heavier
worke-load end heightened competitivemess that are the
lot of science majors; the concomitants are a prospect
of a diminished social 1life, and a kind of isoletion
because the substence of sc'ence is not an easy topie
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of conversation, The other reason is simply the
opening up of new poss'bilities for study and career
areas that had either not been part of the high
school education, or hed been much lesg interestingly
taught than science,"

(Doty and Zinberg 1972).
Friedenberg (1961) places & grest deal of blame upon

science education:

"T am not enough of a Nationalist to wish to
keep in sclence the ardent and promising youngsters
w0 leave it, nor even convinced tiat it would be in
the national interest, whatover that may be, te do so,
But it does seem to mo that the experiences that drive
them out have far less to do with sclence as elther a
method or eplstemological system t‘.han they du with
science as a social institu.lon, Thoseof our Test

auhdoota - ld't aia aommmmn

tia.l aftor 0.11, 11: i.a our
mnondmtn w0 believe that ecicnoe deals with deep
and fundaemental lasues of being, who are correct, But
undergraduates do not get much chance to get dowm o
fundanmentala, Tt would seom that 'l.e sensible wgy for
a nation to retain such young: -rs, as ¥ ure sclentists
and engineers would be to lmprove §he way they are
Xausht, eand to medify the oprortunities open to them
in their later amployment, 30 as to provide a legitie
mate expectation of personal autonomy in their work,
But this is not the way our culture is golng about it,
Tnztaad aub.}eut af-cer subject 1n sur study complains

how hiaoamr choice was going to a:l’.aot“his life
and his image of himself, rom en adokscent, considering
what 1t 18 he has to do to grow up, this is a very

(Goldsmith 1973).



These trends are clearly indivated in Graph 1 on the following page.

In the countries cutlined, Australias, the United Kingdom,
and the United States, the educstional systems are diverse, Yet it
is from these large end diverse educotional systems whieh Lave
been used es a basis for curriculum change in ew ‘ealand,

I% would secn therefore, that New “ezland curriculum
planners have borrowed {rom curriculum plams to apply to Vew Zealend
conditions, from systems vwhere a drift from science ic already
oceurring, This mimicking process is fully ancknowledged:

"Meny persons have sssisted in the preparation

of this text-book, 'n particular the Department of

Education acknowledges the genercus ascistence given

by the Regents of the University of Colorado, Noulder,

United States of America, on behalf of the Biologicel

Selences Curriculum Study, The writers have been able

to use freely or edapt the text and 1llustrations from

thﬁ th!‘ﬂﬂ B.S.C.S. VBI'S"r(l'IS."

(Department of “ducetion Acknowledgements in "Biologleel
“elence, Frocesses =nd latterms", 1249).

As already noted, the c-ituation in relation to the ‘drift'
from sclence is complex, 'lany issues overlap =ad inter-reclate,

The complexity of the problem can be noted by the exton-
sive rublish.d ergument which followed the rslease of the Dainton
Report in Great Britain in 1968, Thornton (1768), Rosenhead {13€8),
and Butcher (1969) agree with the findings of the Dainton Report,
MecPherson (1969) has strongly criticised the conclusions of the
Report, Neave (1973) goes even further to cite evidence for a
morked swing towerd seience, This will now be discussed,
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An article by Neave (1973) requires elaboration, The
title given to his article is compelling = "The Swing To “ecience”,

He bases his arguments around the apparent inadequate
sampling procedures used by the Dainton Coumittee., This committee
did not give sufficient weighting to the then newly established
comprehensive schools which featured open admission into sixth
forms, Rather the committee based its rescarch around non-compre-
hensive schools in England and Vales, which Lad closed entry to
sixth forms, That 41s, entry could be gained only through acceptable
examination passes,

"Innce £ ip3 a’sr works on this sulject has
there been any attempt to control school types, Indeed,
the gemeral conclusion from most provious studles is
that the swing from the sclences is a general pheno-
menon in secondary education, affocting all types of

schools to a greater or lesser degree, !y study has
rovealed that there is not merely a 'swing from science’
among students going to univeraity from conprehensive
gohools, but rather a positive 'swing to science',”

("-em 1973) -

- oruciel statement in his articles discusses university

"There is, compared to all other university
entrants, o clear move to science, 36 of comprehensive
students enrol for science degrees, 27° for the rest of
the entry from other schools,”

(neave 1973),

Tt would be a setisfying situation for science if that
which Neave outlines actually was the case, But there are a number
of inadeguacies which make the Wcave study far less importent end
compelling than the more pervasive Dainton Report (1968),

Pirstly, Neave confines his study to gomprehensive sehools
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alone, !is study could therefore suffer from the same weaknesses
that he attributes to the Dainton Committee, To maintain that
there is a 'swing to seience' from a study which is far less
comprehensive than the Dainton Report is to convey an atmosphere
of confidence in science where research is declining., (Zuck 1964;
Brisn 1969; Weiss 1970; Mellanby 1973; Levins 1973). Neave sampled
from 163 comprehensive schools which had sixth formers during
Uetober 1965, Other schools which were 'selective' schools (having
examination requirements before sixth forms entry) were not
considered, but he did try to compare his findings with those of
the Dainton Comnittee despite the fact that:

"Dainton's inromatlon wes gathered in respect
of the yearw ro p . .o.el catered university three years

before ours, Thus ﬂ entirely relicble coparigon
betweon two groups cmnot be made,”

(Neave 1973).
Yet, despite this admission, Weave goes on to attempt cluse end
detailed statistical comparison with the Tainton re ort, to reveal
ite spparent inadequacles,

Secondly, "eave's study implies that frends are being
investigated, Nut trends ere better shown through longltudinal
studies, than by a single study, The Painton Report did attempt
to derive data from over a period of years, ileave, on the other hand,
did not, Thus it must be accepted that the Nainton Commlttee
produced more couprehensive findings than the Neave study, To
maintain a 'swing to science' from a single study seems to give
no importance to the findings of a more comprehensive study which
claimed a 'swing from science’, Yet Neave does consider some of
the statistical data derived by the Dainton Committee to be suffic-
iently importeant for him to cospare with his own date,
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Thirdly, Neave at'aches great importance to the 36
per cent of students entering sclence from comprehensive schools,
in comparison with the 27 per cent from other 'selective’ schools,
This, in itself, accoriing to Weave, indlcstes a clear ‘swing to
sclence', But is it? Thomton (196&) for examrle maintains that a
drift from science has occurred when the proportion of total entrants
to university fell from 42 per cent in 1762 to 32 per cent in 1967
in Australia, Put within the context of trends, Weave's findings do
not seem to indicate any merked swing to science at all, 36 per
cent of entrants opting f'or sclence from cosprehensive schools is
not very significant when placed within the context of notional
trends, The slightly higher figure (36 per cont) could read’ly be
attributed to initial enthusiasm of teachers :nd cducational
autiorities for esteblishing and encouraeging the relatively new
comprehensive saehools, The need for a longitudinel study agalin
seems necespary, to observe if this initial enthusiasm for ‘open
entry' into sixth foms, and the more broadly based curricula
systems characteristic of comprehensive schools %z sort lived or
not, 7t would appeer that as the enthusiasm subcides, then trends
will further refleoct those outlined by Dainton,

The 'open entry-selective entry' distinction requires
elaboration, Neave does not define ‘open admission', Complete 'open
edmission' would be unlikely, Headmasters of comprehensive schools
probably vary in the oriteria they use for entry into the sixth
forms, If they did not limit entry, physical plant, expensive
laboratories and so on, would not be likely to cater for the numbers,
In general, science resources (teachers included) are always at &
premium perhaps more 50 than the arts (Stenhouse 1968), However, it



13.

must be accepted that there is a markedly large population of
sixth formers in comprohensive schools, If this is so, probably
it is, (though Weave does not say so) then proporticnality is
important, Neave does not account for proportionality which can
be explained an follows:

There is & very large number of students in conpre-
hensive school sixth forms, Of this large number, not all would
wish, nor would be able, to cnter science facu ties in univers-
1ties, Of those who wish to enter university, 36 per cent opt for
science, (n the surface, this seems to be a healthy state of affairs,
But it falls to asccount for proportiomality,

Of this already large number of students in compre-
hensive sixth forme because of open admission, oply & small pro-
portion of this large group mey enter university, The 3 per cent
therefore may be merely reflecting the large influx of total numbers
into sixth forms, Open admission would enhance larger numbers coming
into sixth forms end this would be reflected in actusl numbers
entering tertiary sclence education,

sut the proportion of those wishing “o enter university
from these sixth forms may in fact be quite small, Neave does not
appear to account for this, The proportionality problem has been
discussed by Brian (1963):

"Boys and girls in upper forms of our secondary
schools are increasingly rejecting science as a field

of study - the Report establishes this as a faot,

supported by sbundent statistical evidence, This bald

statement needs some amplification as the situation 1s
complex embodying several distinet trends, Thus -

(a) More young people are steying on at school -« the
national sixth fom is getting bigger all the time,

(b) As a result of this general increase, the gbsolute
number of pupils taking science is increasing,
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(e) Nevertheless the proportion of those staying on at
school who take science is steadily deoclining, thus

there is a yelative decrease in seience students,”
(Br.o~ 1268),

Butcher (1969) also puts the situation clearly,
"in terms of numbers, the swing has MW
Dot _gbsolute., Faculties of science have exp s but
more slomly than other faculties,”
(Butcier 19€9),

There is also another important facter whieh does not
appeer to be given detalled attention by elther Dainten (1968) or
Neave (1973). Neave, in placing great importance to the 36 per cent
entering sclence at university, does not account for future dropout
rates os the student progresses in a science course, Yor does it
agcount for those students, who after qualifying in science, do not
continue in solentific occupetions, Friedemberg {1259, 1361); Lewin
end Sherwood (1971) have noted this, Butcher (1979) states:

"It anpears that in their subject the number of
undergraduates studying for degrees in science

as thelr oourse progresses, but thet the opposite applied
to studenis of avie mnd social cclences,”

(Butcher 1969),

Neave's study could be also locked et from the point of
view that if it was accepted that there is in fact a 'swing to
science', a number of implications for sclence oducation would
follow,

Firstly, present courses in thic case, NWuffield courses,
in science must be attracting students at secondary school, There-
fore it would appear that there would be no need to change this
succesaful curriculum, This however does not seem to be the case,
A number of teachers who have attempted Nuff'ield seciemce courses
with students are highly critical of it, Martin (1970) outlines his
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"Peaching is a highly personal art, and the good
tescher must, and cen only, work from a deep personal
conviction, T believe it !s useless for him to surrender
his intellectual independence and '"toe the party line'
eee In fact the very reason why Nuffield Hiology is not
more popular is that it i2 such an individual approach,
that it does not in fact appeal to a wide range of
teccliers and pupils,”

(#artin 1970).
Pamage (1973) also oriticiees Vuff'ield Science in a
gimiler fashion:

"There is a very real danger that the prestige
of the Foundation in other spheres, the frallities of
fuman nature, and the pressures which will be exerted
by numerous influential but unwise individuals and
groups in the realms of education, will cause the
projects, proposals to be accepted too readily and
too widely., They woudd then be prescribed as "the
thing to do' and might even bocome 'status symbols'
for schools, Tf such things occur, woe betide the
heretiecs among teachers and unfortunate authors of
books w0 do not toe the 'Tarty Line', 7t would be
bad for science too,"

(The sense of this guotation was first published in 1964,

and again in 1967 in the Ti Lducatic 3 t.) The writer

goes on:

"4y forecasts proved correct in remarkable detail
end woe did botide the leretics, in severel ways
indicated in the second paragreph of the scientific
freedom resclution, Towever the correctness of one's
forecasts provided some compensatory comfort end more
is coming with the tuming of the tide in our fuwvour,
Huech of 'Nuffield Science' already looks like an over
specialized over elaborated evolutionary Blind alley,
excessively expensive for payers of taxes, rates, and
fees who have had to provide for its implementsation in
schools, As for the pupils such a surfeit of science
at schools could turn away more from continuing with
it later than would be attracted to do so,"

(Remage 1973).
Heave implies in his 'swing to science' that currently

used courses are succesful in attracting students, But other
opinions regard these courses as not necessarily good courses,
They ere being held in high regaxd to some extent at any rate by
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& tendengy for teachers of science to follow fashion and to toe
the party line,

Tn New “ealend, with centralised administra "~ control
of curricula in biology being heid by the Department of Zducation,
the situation outlined by Yartin (1970) =nd Namage {1973) is com-
pounded, New biology in secundary schools 1s more than merely being
‘the thing to do', Tt is in faect compulsory, "o cholce of curricula
or approacn for teachers has beem allowed, A tuacher who for reasons
of mothodology, doos not wish to adopt the prescribed arproaches,
is therefore more open to being regarded =8 being 'not competent',
'not responsible’, or even 'disobedient' in Yew "“ealand with its
new biclogy ccurses, than in Fnglsnd and Tales with the Nufrield
and other courses, The latter does allow for choige »f elternative
courses,

This situatlon, currently present in “ew "ealand is bad
for biology. "lologists, teachers, curriculum mekers and text
writers hold that 'experiment' is importent for sclence to improve,
Yet to exreriment with altermative courses at & redagogical level
is not held to be important, Apparently, it 1s assumed that all
experiments by teachers of biology necessary to iuprove courses
and approaches have already beem carried out, The present pede-
gogical formula is the 'best' ard only allowable cne, To advoocate
experiment at a subjec’ metter level as most important, and then
to implicitly and explicitly mussle the same procedure at a pede~
gogical level is paradoxical, and prevents any possible improvements
in bioclogical education, Voreover it may create an inoreased trend
in a drift from dlology.

Neave seems to be implying that an educational utopia has
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developed in science, The above oriticisms also serve to indicate
that this is not the ocase,

Secondly, it secems that a 'swing from socience' to a
'swing to selence' can be invoked merely by applying the courses
of couprehensive schools to all other schools, no matter the
country, Put in otiher countries a marked swing from science is
cbserved, This does not appear to have occurred, A swing from
science is occurring throughout the westem world in spite of the
type of course being used,

Thirdly, Yeave implies from his findings that he could
indicate gauses of the swing not only from science but to solence.
He does not do this, exeept to imply that opem sixth forms, and
wider option systems may be causes of a swing to science, Uther
studies have sliown that the causes are complex, Fremature speciol-
isation {(Putcher 1769) may be o reason, disill:siomment with tho
activities of scionce in general (Krangberg 1372) may be another,
Pgychological and social factors also contribute, (Friedenberg
1959; Hudson 106, 1968; Cropley and Field 1760; Stenhouse 1771).

Thus there is & danger of accepting -his study simpliste
ically, Uther evidence which is more comprehensive, disagrees with
the notion that comprehensive school {end open sixth forms) systems
will create a 'swing to socience', To teke an obviously complex
problem, and then maintain that it is really simple, would be to
accept 'simplistic' notions, This is a dangerous position to aedopt,
In doing this Neave attempts to bring a great deal of established
and reputeble opinion on science eduecation into disrepute, (For
example Dainton 1968; Friedenburg 1961; Brien 1968; Butcher 1968;

Doty and Zinberg 1968; Hudson 166, 1968; Osbome 1973; Thomton
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1968; Kransberg 1972; Ramage 1967),

Few science cdueators would accept the implications for
Neave's research, 'is research findings may have significance for
newly esteblished comprehensive schools, But to claim that the
findings are pervasively significant seems to promote 'hope' at the
expense of 'fact', loreover, entry into New Zealand sixth a:i
seventh forms is kept genesrally restrictive, although some relax-
ation of oriteria for entry from fifth forms has occurred, Moot
schools in New "ealend would therefore resemble the selective
schools of England and vales, which were of the type sampled by

Dainton,

The Dainton Report, because of its greater compre-
henaiveness, must be accepted as being more sipnificant than that
of Meave, 'n fact the parallel between Australia and the United
Kingdon is very close,

"The proportion of students entering seoience
based faculties in universities in the Tnited Mingdom
in 1962 was 46,0 per cent; in 1960 it was 4LO.6 per
oent, In Australia in 1962 it was 4F .6 per cont; winile
in 1966 1t was 40,6 per cent,

Thus it seems that the 'drif't' 1s not merely a

local phenomenon, nor is it a passing one, Tnsteed,
it seems to be deep seated and pervasive,”

(Thomton 1969),
On this basis it seems likely that the $ltuation in New
Zealand will be little different from that in Australia and the
United Kingdom,



19

NEW oN

The situation in New Zealand is more difficult to assess
because of a lack of published statistiocs, However, two important
empirical studles are availeble (Usborme 1973 and Taylor 1966),
Both studies are limited for present purposes in that the Usbome
study deals mainly with the 'drift from physics', and the Taylor
study deals with teacher qualifications in soience education in
Yew Zeanland,

Both of these studles place & great deal of the blame
upon a lack of adequately trained teachers as contributory factors
in the drift, Tt is interesting to contrast this with Dainton (1948)
vho d4d not seem to regerd lack of teacher gualifications as
significantly as these studies do:

"A widely held opinion is that science and
mathematiocs teaciers in our schovls “re less well
qualified then teachers of arte subjects, and that
this inevitebly inf'luences school pupils in their
ciioice of specialization, The Tainton Fnquiry
examined this possibility carefully, and come to
the conclusion that 1little 1if any faectual evidence
could be found to support it, Certainly they found
that groduate seience and mathematica teachers seem
to be in siiort supply, and that a good deal of
school mathematies 1s taught by teachers without
scientific or mathematical qualifieation, lut,

desplite these shortages, the overall guality of
soience teachers is as high as in any subjeet,”

(Prian 1968)
In the long-temm, however, and contrary to the Dainton
Report, a2 continual short supply of adequately qualified teachers
may deteriorate in orthogenic fashion, Usbome exemplifies this
process:
"A sustained shortage of physics and mathematios

teacher» must eventually result in a low standard of
physics achievement in schools, a lowering in the
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nunber of gradustes produced and a further deterior-
ation in tea her gualificetions,”

(0sborme 1973).
Tt eppears that 'tesoier training' the numbers of
practising science teachers and their qualifications are readily
em enable to empirical study, For exam le, Taylor {196¢) also
devotes a great deal of attemiion to empiriocal data:

"In an apparently representative sample of 188
schools, approximately 100,000 pupils were taught by
4,170 teaciors, 0f these fewer than six per cent were
not, or were seliom, concermed with teaching science
sub/ecte, i.,c. over ninety per cent were teaching
sclence, the majority for an appreciable propertion
of their time, Of those who were involved in science
teaching 30,6 per cent were lacking completed
academic gualifications containing any science units
at all, wille 20,7 per cent {i,e. 246 teachers) lack
qualificetions in sclence beyond what they have
learned at secondary school, or at Teachers' Uollege,
while on a course not necessarily dosigned to it them
for teecliing selence in secondery schools, "he pro-
portion of teachers lacking a com; leted degree contain-
ing science varies with locality, be.ng lowest 7 per
cent in Chiristehurch, 12 per cent to 16 per cent in
the other tiiree main centres, and reaching a "high'
of 50,7 per cent in the secondary departments of the
district high schools, Vorse, ithere appears to be a
trend towards a decrease in geientific qualifi:itions.
In 1954 the percentege leaving ~ost primary toachers'
colleges with science degrees was 20,3 per cent; by
1965 thia had dropred to 15.7 per oont, Tt seems un-
likely that this trend will be reversed in the near
future - unless some major reorientation tokes place =
since despite the increased economie pressure for
poople to enter tocohing shply to gct a job. A1

ro soden :

wm ‘ unlty lo:lenu un ti are
domanding of time due to laboratory requirements, end
their failure rates are generally higher tham in arts
subjeots (sometimes they are very high indeed) while
their money cost to the student is greater, Thus the
hasards of attempting to gain science qualifications

are great, while the revards are disproporticnately

low, Specialist teaching in science in a school demends
lsboratory space, equipment and materiel which is

almost certain to be in diminishing supply over the next
fow years « 80 major investment in science qualifications
i{s likely to get a teacher into nothing but a swamp of
progressively inoreasing frustration,”



Osborne and Friedenberg (1961) are quite explieit, and
Taylor (1966) implies that the shortage of adequately trained end
qualified teachers as the malor if not only cause of & 'drift fron
science', Dainton (see the gquotation of Brian's) notes that teacher
qualification is poealbly not the only major reason, and that the
shortage of good teachers, though important, is not the :nly cauce
of & drift from science, Jt would appear that data is readily
obtainable on hundreds of teache-s and thelr gualifiocations, The
use of date is probebly & good basis for foreeful and convincing
agrument by advceates of a drift in student nusbers, end e decline
in the standard of scionce teaching, It seems (om the surface at
le=st) that arguing using data :nd statistios is the Lest way of
impressing poligy-nakers who need %o be convinced, 8o that a ma or
recrientation iz sble to be begun in curriculz and courses:

"If there is a genu ne chortege of well=-
qualified teachers of physies then it is desireble

that this shortage should be demonstrated in con-
crete statistical terms,”

{osborme 1373).

The statistica derived seemed to be 'facts' and few
people oare to ergue with 'facts'. (Stemiouse 1972).

However there are other bases for argument which are
probably refactory to empirical methods, Uther methods besides the
statistical, are necessary to explicate reasons for the 'drift
from science', “ome of these reasons, which Dainton deseribes as
complex, will be developed in this thesis, in reletion to the
'drift' within the area of biological education, Tt will be cone
tended later, for example, that 'technicism!factualism' and
‘empiricism’' are three sighificant factors which are not able to



be guantitatively measured but they do ect as contributing
causes to a 'drift from biology', This thesis will attempt to
discuss these aspects through argument, and by citing evidence,

liowever Usborne's study is very iumportant for bio-
logical education, It emphasises a need for quelified teachers,
and for more teachers, These two factors do contribute (but ere
not the only causes of the 'drift' or 'swing' from seience), ¢
is also an important study, beceuse it is one of the few recent
researches made into teachoer shortages, and the adequacies or
otherwise of' teachers, ‘oreover, Usborme has included more than
physics education in his report, lle has also been generous in
supplying statistice for biology as well, and these deserve
discussion,

Firstly, as a general baok-drop a graph indiceting
the situation as "ainton found it in the U'nited ¥inglom, (CGraph
1 preceding page.) 7t will be noted that there is a declining
trend in the sclencs pgroup, an upsurge in the 'mixed science-
arts' gro p, eand an upsurge in the orts group in the sixth
forms,

Graph 2 (following page) is a graph kindly supplied
by R.J. Osborne which was developed from data supplied by the
Department of Education in Wellington, Tt ocutlines trends for
seventh formers over the years 1967 to 1973, Some discussion
of these trends is necessary, Firstly, the numbers of seventh
fomers is increasing, This is indicated by the Total end by
the English curves, as English is a compulsory subject, In
reference to the "basic' sclences, on the suri age the situation
for biology seems to be falrly healthy, But there is a

Secline in numbers studying chemistry

22,
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end physics, A number of elaboretions and implications can be
made in reference to three sclences,

Pirstly, the situation for chemistry and physics is
sericus, A marked drift in these sclences cannot help but affect
entry into speclal tertiary schools such 2s mining, veterinary
sclence, medicine, dentistry, areas of applied science, chemistry,
and technology, 7o be faced with a dri.t In the 1light of increasing
populations of seventh formmers to draw from, is a very serious
situation, A major implication for biology occours even et this
early stage in the discussion, Current "iological curricula are
trying o achieve two ends, Piratly, these curricula assume the
ultimate unifiocetion for all sciences, A parently biology will
become enconpassed under the 'physics' umbrella, Secondly, current
curricula emphasis 18 upon biochemlstry or molecular biology. New
curricula are chemically orientated, "he grapl shows a deoline in
nunbers of students taking chemistry, If biology ocontinues to stress
chenistry, this in itself will create a drif't of 'non chemistry'
students from biology, Then the trend for blology would possibly
be nearer to the pattem for chemistry, Traditional bilology did
not bar non chemistry students from adv:mcing in biology. Current
biology probably does,

Secondly, the situation seems to be adventageous for
biclogy. Put this is a superficial observation, The numbers of
students studying physies, chemistry and blology g & cowbination
can be no more, probably less, then those who study physics alone,
The group with the smellest numbers must be the base, Thus somewhat
ieéfd than half of the total population in seventh forms studied
three sciences in 1972, The situatior in 1967 seemed to be better
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even allowing for the inbuilt coarseness of the greph, What
Dainton has deseribed therefore is applicable to Wew Zealand,
and if extrapolations are developed using physiecs as the
{indicator' subjeot the situation is likely to become worse,
Students studying three sciences, physics, chemiestry and biology
belung to a group of diminishing size from 1967 to 1573,

Woreover the trends for physies and chemistry have
marked repercussions for 'pure' tertiary and eprlied bioclogy,
(veterinary science, dentistry, medicine, food technology,
agriculture and horticulture), ferusal of current University
Calendars reveals a pettern of pre-requisites for advencing in
biologye. Thne rre-requisktes, usually invoked =t first year levels
involve chemistry and plysiocs, A student w.o does not succeed in
either or both of these two subJjeots i3 barred from advancement
in biology, or eny epplied fields.

Thus the 'dift from biology' will probably be more
marked in university first yesr ocourses, than at secondary school,
A8 Rosenhead (19€8) has emphasised this trend, now marked in
secondory schools, will have fer reaching and deletereocus ef'fects,
especially when Mew "ealond cdepends upon biological principles
relating to food production and primery industry. The number of
pure end spplied biologists (including dentists and doctors) is
likely to de¢line in the near future if the selection policies,
pre-requisites and orienta‘ions presently held in scienco educetion
in general, and biological education in particular, remain as they
are,

The decline noted for physics mnd clumistry in schools
directly affects tertiery leovel bioclogy. Studemts who have not
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studied three sciencca - physics, chemistry and biology, are
not likely to advance to tertiary biology because of pre-requisites,
Thus, Jjust as there is a drift from physics and chemistr , 30 must
there also be 2 similar drift from advanced blology, despite the
apparent healthy state as outlined im Graph 2,

There 1s also a second important interpretation wuaich
must be elaborated upon, PBiology is, despite present curricula,
an '0dd' subjeot when compared with physics and chemlstry, Many
students who are generally 'arts' orientated do opt for biology
at senior school levels, Thus & situation mey arise where consider-
able numbers of students in seventh forms study biology but not
ptyslecs .. chemistry, Craph 2 seems to indicate this when biology
curves are compared with physies and chemistry, They may not wish
to continue to study cdvenced biology in future years, If they did
wilsh to do so, the pre-requisites in chenlstry and physics would
bar them, or at least frustrate them sufficlently to drift away
from biology, Trerefore the apparent increasinyg %rend in blology,
according to the graph may be much worse than indlcated, The mixed
‘arts/bioclogy' students may in fact be 'masking' a decline which
is already ocouring at tertiary levels, but which is not readily
apparent et seventh form levels, The relatively small inereasing
trend in diology could them be accounted for by the nomal overall
actual populstion inecvease, and by the effects of students opting
for biology as their gnly science subject, and combining it with
arts subjects, Dainton, it will be remembered observed that the
mixed arts-science student was inereasingly becoming more common,

(See Craph 1),



The 'arts-biology' type student is the most likely
type of mixed student because current seccndary school biology
despite mathemitical, chemical, md physical concepts belng
incorporated, is a subjeot still able to be 'picked up' along
the way by students wiio want a ¢hange of option, For example,

a seventh former mey opt f'or biclogy for the first time without
previous sixth fomm study and be successful, To do this for
physics or chemistry is more difficult because of the seguential
presentation of concepts and princirles over a period of ysers
in these two subjects,

It would seem that two factors are contributing to the
superficially 'healthy' state of affairs in biolory. TLese are,
the effect the increasing overall populcstion of atudents hes on
nunbers studying blology; secondly, the mixed artsebiclogy student
masks the real situation, But the numbers wi: ci: advance to tertlary
levels are more likel;, tc follow tne pattern of piiysics and
chemistry, than the trend noted ror biolosy, because the former
two are pre-reuisite subjects wiich are dif¥'icult to 'piok up'
at tertiary levels, A previc: s knowledge of physics and chemistry
is generally necessary for university piysics and cheristry,
Attempting to "plck up' only one of these subjects at univercity
without previous knowledge would be a nigh on insurmountable task,

Thus the situation for advanced biology may be decidely
les: healthy then Greph 2 indicates, Ancther most important
point to note from Graph 2 at this stage is this, A marked increase
in numbers opting for biology occurring during 1970, 1971 end 1972
did pot ocour as a result of the 'mew' biology syllabuses which
were instituted during these years, The increase noted could be
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adequately explained in terms of overall increace in seventh form
numbers during those years, An obvious symptom of 2 need fr a "new'
course or syllsbus in blology surely m.st be the dissatisfaction

on the part of teaclers, curriculum makers of the 'old' course, end
students who perheps are not at racted to the old course or syllabus
being used, The new course, apparently a 'betier' one, ought to
attract more students to it than the older course or syllabus,

The attitudes wi.ich students hold about the new course wiil be
different (apparently more favouratle) than the older course or
syllabus, ‘iowever if reference ls mede to Graph 2 this does not
seem to have been the case, "herc has been no significant attitude
change in the part of seventh fomm bilology o udents from the cld
course to the new course whiet, would Loave created a very marked
Increase ‘n nutbers onting for biology,

Current courses and syllabuses 'n "av "ealand biclogy
maintain that they “r» rhle to wenipulate 'at=itudes'. "raditional
courses &re not s0 explicit, By contrarct, these older courses
never seem to conscluusly cunecrn themsclves with 'atiitudes', Tt
is maintalned hat 'attitudes® belong to the 'afieetive domain',
(Bloom ot al. 195€). They have decp emotional baszes, The 'affective
domain' does not seem to be az manipulaeble a3 current bioclogical
educators maintain that they cen be, “elmes (173) notes some
conclusions to an 'attitude' study which he made:

*The study also found no significent differences
between the mean scores of Nuffield and non-Nuf'field
biology students on the attitude scale used, Several
alternative explanations are suggested for this result:
(1) the limitations of the sample of students tested

may have produeced results whioch are nefther

reprosentative of Wuffield or noneuffield biology
students;
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(11) both types of bdiology course (Nuffield end none
Nuffield are producing similar attitudes to
poience in their ostudents;

{111) neither type of biology course 4is affecting the
attitude to solence of their studsnts,”

(“elmes 1973).

Th 8 1t seems to be very difficult to attain measures
of attitudes of studemts in biology.

¥ith reforence to Graphs 3 end L (the sixth form end
sovent: forms opposite) some elaborati-n seems necessery, Teking
the sixth form situation first, 7t will be noted that an inorecase
did coincide with a change in curriculum during 17570=1971, This
could be btaken as most encouraging for biology. Dut caution seems
to @ necessary,

Tn the {irst pluce the inercase to sume extent is
reflected in the actual increase in nusbers entering sixth foms,
since the recent institution of now more lenient reguletions
which allow students to enter sixth forms, Secondly, if' a course
is labelled 'new' 6 teacters are enthusiastic, and students are
likely to be attracted to the courses, The past reputation of
previous biology prescriptions initially counts for iess, A
combination of novelty and enthuslasm may therofore be potent
influences, Thirdly, tho new biology course has not been instituted
for e sufficient period to indicate trends at sixt form level,
Fourthly, and probebly oven more significantly the 'mixed arts/
..0logy' studont is perheps more masking in its offects then in
the seventh forms, This would account for the large increase in
nunbers of sixth formers studying biology. There must also be e
significent number of sixth fomm students who do study biology
in the sixth form 4 either leave sc..00l altogether or drop out



of biology in the seventh form, VYoreover, it is probable that
the sixth form leavers are likely to be mixed arts/biclogy types,
They see no future in studying advanced biclogy if it necessitates
the study of physics and chemistry, This wo.ld probably account
for the marked reduction in numbers studying biology from the
sixth form to the seventh form, Yoreover, as with seventh forms
it is the mixed 'arts/biology' student, not an 'arta/physies' nor
an 'arts/chemistry' sirth former, wnich 'masks' the aotual situ-
ation tor sdvanced biology. Uf the three sciencese, blclogy i
nearer the 'arts' end of the lmowledge spectrum, (foe-tler 1 64
Fage 332), These mixed 'arta/bivlogy' studentes ere less likely to
go on to wivanced levels in bLivlogy because of later pre-r-equisite
problens, where Lhere is f ustration and difficulty entuiled in
pleking up physices and chemistry at later stages, Greph 3 end
Graph 4 (previocusly) shor that $he situation could be exrlained
in terms of a 'drift' of a significant prorortion of 'arts/biology’
students from biology betveen the s!'xth and seventh {orms, This
drift is further accentuated with the change from secondary to
tertiary levels. Few ‘arts/biology' students would dsre embark
upon a blology ccurse at University and expect to succeed,

Yet it can be contended that in losing 'arts/biology'
studente because of present course structures contributes to a
definite disadventoge for both biological education and bio-
logical research, Tt involves the importance of retaining an
'arts-streak' in biology if research is to continue and theo=-
retical biology is to be given due importance, (Koestler 1364).



De Beer, a biologist of great repute, had noted the
importance of arts in biology prior to Vorld Var i1, By contrast,.
present advenced biology no longer attempts to tap this very large
and probably fruitful source for biologieal rescarch, De Deer
states:

"The Var prevented me frow waking progress with
the second method of cure, bul Sir Heary Tisard tried
it with mariked success at the Imperial College of
~cience and Tecanology in London, !. counsisted in
off'ering aoholurmz.ps for stu&v in soienoe on uu:l.n-
ations in whlch the Als g

g Dnly mtamtioa and .ngls_ah were
coapulsory, The vercentage of students elected to
sgholarships under thils aschems w0 subsaquently
cbtalned First Classes was no lower than that of
students who had besn awarded schclarsiidps af'ter
examination in the science which they hLad been
vaugnt at sohool, The ability Lo cross over Jrom
arts faculties to sclence with success, was not
wexpected, and 1o itsell 1T serves .o break down
barriers between the two sets of sublecis, The best
mens of' sclence wiwa T have kuven, begen with a
classical eduention, and it may be vremarked that
two of t'na greateat Sritish scientists of this
century, Sir largy Thompson, and ©ir Cyril Hinshele
wood, one a piologist and one a chumist were
Progsidents of the Classical Assoeciatlon, Faul Valery
is another example of a muan Jor whom tuere were not
water-tight cospartments in kaowledge,”

(be Beer 1959),
A traditional biologist recognises dlistinot advantages
in advocating entry of arts students into bilology, Hudson (1966,
1968), a paychologist, also presents telling evidence for this:

"Two kinds of clever schoolboy were distinguished,
The converger end the diverger., These differed not only
on the bias of their mental abilities, but also in their
choice between arts and sciencos in their interests,
attitudes, and in their expression of emotion, The
converger excelled in the conventional intelligence test;
specialised in physical seience or classies; held econ-
ventional attitudes; pursued technlcal mechenical interests
in his spare time; and was omoticmally ink'’>ited, The
diveryr by contrast, excelled at open ended tests (tests,
that is, which do not have a single right snswer);

e A I e AL veve senmoveet ta =
t [ s vere connected in one way
or mother with people; and emotionally spesking was

uninhibited, Such differences have implications both
for the study of career cholce and-or originality.
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Tt is possibly that divergent thinking and being
highly oreative are coselsted, Horeover ti.is divergent thinking
mode is assoclisted with arts students, Biology students may have
aore arts orientated, divergent students than the other sclences
because of the large mixed 'arts/blology' group in sixth foruss,
end to a lesser extent in seventh forms, Yet current biology
negleocts, =nd almost forces these potentially valusble siudents
to “rift from biology through invoking pree-requisite restrictions
for advancement to graduate levels, Current biology seems to be
ignoring en extensive rich a urce of possible creativity. Yore-
over, students likely to be sympathetic to theoretical biology,
are probably derived from divergent or mixed 'arts/biology’
students, Tiis thesis holds that if 'theory' ia incorporated
into biological education the 'drift from biology' at advanced
levels would be stemmed, 7 incorporated, theory would &lso
possible capture subs* ntial nusbers of these students to the
grest ultimate advantage of biclogy. The counsejuences of neglect-
ing 'arts/biology' students is possibly now being felt in bio=
logicel ressarch levels, {7uek 196h; Nrien 1363; Veiss 1370;
Lellanby 19573; Levins 1)73). Research findings seem to be do-
clining, if the above reports of authorities are to be seriously
considered.,

On the surface the solution for biology seems simple,
Werely allowing greater acce=s of aivancement to some students
from the rich sink of originality, (the 'arts/blology® students)
does not mean that bilology, especially biological research,
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would go ahead in leaps and bounds, Put it may have significant

advantage, Scde caution isc necessary:

" ese WO would be wise to approach the problem
of scientific originality with circumspection, And,
although my discovery of an arts bias in tests of
'oreativity' may seem demaging, the inferences that
we can drew from it are bound to be guarded,”
(Hudson 1946),
But because issues suc¢h es originality, emotionality,
and creativity are complex it does not mean that these issues
should be completely neglected in biologiesl education., Tt may
be that a 'drift from biclogy' would be shated at seventh form
end tertiary levels if means of access were given to mixed 'arts-
biology' studente to advence in bl.logy to graduate levels, liore-
over, this strategy in blological education uny have long temrm

benef'it to biology.
A guotation by Yoestler scems to be an apt conclusion:

"Tn contrast to the artist, the sclentist is
not suprosed to appeal to emotions, snd the student
of acience not to be puided by then, “ut we have
seen that the oguation of soience with logic end
reason, of nrt with intuition ani cmotion, is e
blatent popular fallacy, "o discovery has even been
made by lopical deduction; no work of art produced
without caleulating eraftmanship; the emotive gaemes

of the unconscious enter into both,”

(xoestler 1964),
If mixed 'arts-biology' students are gencrally ignored

by bioclogicel education, end they 'drift®, then where do they drift
to? Hudson (1966, 1968) maintains that divergers have "interests
in people”, Friedendberg noted and published a trend as far back

as 1961:

"Thy éo 80 many American stuldents drop the
scientific careers which they have spent several
years training for with reascnsble success? This
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question is likely to seem more patriotic tham
scholarly to anyone who is a reapecter of science
both as an area of ingquiry and as a method of
scholarship, The missile race, with the values it
exprosses, has tended to put off any serlous and
disinterested study of what has been happening to
competent youngsters who set out to becone
scientists in our society, Yet, gquite apart from
any imputetion that students ought to have steayed
in science, either for their own sake or that of
the nation, the 'self image' of the scientist, and
the relationship of his culture to that of the
hunanities, both in academy end in dalily life is
now a crucial issue in itself, The choice of a
profession is the one commitment ocur culture really
takes seriously; t is is for keeps, it is not a
matter, like love or loyalty, to be continually
altered to fit the new circumstances, Conflicts in
this area if they are serious enough to meke
youngsters change thelr plans drematiocally, and
follow any diseernible common pattem, are social
phenomena worth studying,”

(Priedenberg 1761).

"Fresent indicetions siow a substantial
upsurge in the scecial seiences in “ew 7celand,
Tt seems likely tiat the mixed arts-biclogy
group is attracted to the social sciences,”

("hornton 1968),
Rosenhead has also outlined come factors in relation to
a current 'antiescience' phenomenon pervading science education,
He states the situation clearly:

"0f one thing T am sure, end it is that the
*image of sclence' is no longer as excliiing as it
used to be, Very few of our young people see them-
selves as making world-shattering sclentific
discoveries in a small 1aboratory isoleted from the
rest of the world, Seience is no longer thought of
as the harbinger of the new society, or the vital
instrument in the oreation of a future in which all
men will be brothers, Science they fecl,leads to
*the bombd', to bigger end faster aeroplanes, to
glgantic electricity genmerating statioms, to
computers of frightening complexity, to submarines,
to intercontinental ballistic missles - and to the
insignificance of individuals and themselves, This
ploture is distasteful to meny and positively
repellent to some of our young people, but it is
based on a false image of science, and all that
engineering and technology cen do for people.
Further this attitude towards science and to develop~-
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ments from it, has arisen in all other highly

tecinologioal socisties of the world, both in

schools where science teaching is said to be

*good', and those where it is said to be 'bad',”

(Rosenhead 1968).

A great deal more eovidence could dbe cited in detazil on anti-
science and disillusionment with science, but t is would be
digressing, Tt 1s sufficient to say that probably becouse of
dista.te for some social implicstions in science, students may
be tuming to the social sciences as an alternative, loreover
this trend probably occurs more with the mixed 'arts-biology’
student than any other because preereguisites for the sociel
sciences at university are not as stringent as in the biology
fields in which the student mgy have originally been interested,
Furtherore, sociel scientists would probably not regard this as
e drift at all becouse sociel seience 1s indeed sclence, However
the swing referred to is that from the more traditional or 'basic'
sclences, namely physics, chemistry =md blology, (3ee Grep’ 5 follow-
ing). There is pufficient evidence therefore (Usbome 1973)
to note that the world drift from sclence has not neglected “ew
7galend, Yor is blology immune, Present study trends do indicate
a drift from blology at school from sixth to seventh forme and
from seventh form to undergraduate courses in biology at univer-
sity. All this in spite of reputedly updated and 'improvoed’
courses in introductory biology.

From now on the discussion will be cofined to the
'sving from-biology' which seems to be fairly well established
by the evidence and explanation already outlined, It is contended
that mere disillusiomment is not an adequate explanation for the
drift, The causes are complex, deepand educational, As a result,
they will be difficult to rectify, But rectification will be less
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diffiocult the earlier it is attempted, Though the situation for

biology is not yet as problematical as that of physics education,
the early signs are present and could be dealt with,

There secems therefore to be a paradoxical situation,
On the one hand, curriculum mekers have enthusiastically modified
biology courses, These pollicy mskers were sure that the changes
that they wire instituting would increase the attractiveness of
bioclogy to prospective students, Tet despite this, evidence in~
5. 15 a 'dprift', "hat are the factors which are likely to
contribute to this drift in bioclogy? Ts the "new' biology as
extraordinarily advantageoug for biological educetion end bioe
logicel research as has been assumed by current policy makers in
biclogical education? /nawers to these guestions need to be
obtained, it ie contended, if blological educstion 1s to sustaln
its contribution to national, even global wellbeing, ‘lready it
has been noted that the factors which contribute to the drift
scem to be many end complex (Rosenhead 1963; Tutcher 1969), An
ettempt will be nade to identify some of the factors contributing
to this accelerating drift,

Introductory biology is most significant in attracting
students to the subject, This places & great deal of responsibility
for the drift clearly on the shoulders of introductory biologieal
education, Scientific interests seem to develop at a very early
age (Dutcher 1968), Many scientific interests begin wi.h bilology.
Very young children seem to have e naturel curiosity for living
things (Cometock 1911; Leach 1946; Beggs 1954), Children are
favourably disposed to nature-study while at primary school.
There 1s therefore a change from 'pro-attitudes' to biologlcal
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phenomena (Stenhouse 1968) toward more reluctant - even 'anti
ettitudes' by the time these formerly keen children have enterved
seventh forms, Ve must therefore assune thet a large proportion
of children reaching secondary school are interested in biology.
Science {including biology) is a compulsory core subject for two
yeers until the Tif'th form, At the s'art of a fifth fom year,
choice of subjects can be made through an option system, A choice
between arts and sciences is often made at thils point, If selences
are chosen, there is little opportunity for a change to arts until
the student leawves school, Tf studying the seiences, the student
is comnitted to the seclences, end the same for arts, The student
comnits himself for ihe rest of his school career from the fifth
f'orm, Some elaborations uave been made about Lhis:
"Pesychological, motivational, economie and

sociological factors work togetier over a period

of several years to predispose an individual

towards e particuler type of occupation, while his

oprortunities in other directicns becore linmited
by his educstion,”
(Nature, Vol, 217, March 23, 1968),
"Scientific interests arc often obvious by
& or 10, and by mid-teens, the choice between
science or arts has usually been nade, Tecause of
the way the educetiocnal system is organised

revision of choiece of occupation becomes lees
possible as an individuesl progresses up the school,.”

(Neture, Vol, 217, March <5, .368),
The system seems to be organised in & manner vhere
choice becomes narrower as one progresses throu . the secondary
achool system, The first major opportunity for course change
occurs at the break from school to university, This seems to be
the point et which the drift most clearly manifests itself,

“Undergraduate education in science comes af'ter
a long and varied exposure to science end mathematics
in primary end secondary school, The quality of this
earliier encounter is probably the most decisive
factor in detemining attitudes and motivations of
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students for further sclence study and in
generating the sustained generation that a
career in science so often requires, It is
typlcal of the state of educotional research
that little eff'ort is being made to evaluate
this experience,”

(Doty and "inberg 1972).
Tt would seem that if the populstion is more or less
captive and committed, then there ie little need for courses to be
made attractive end interesting to students, The 'drif't' at the
end of & secondary school career seems to indicate that policy
makers and sdministrators find it more expedient to enforce a
single unattractive near compulsory course upcn students, than
to attempt a more difficult task in trying to elucidate charact-
eristics in biology which would attresot and bold students and
also to develop varied courses and curricula, Tn the short tem
the 'compulsory' syategy scems to work, 'iowever in the long temm,
biologicael rescarch, and biology in general is likely to suffer,
Molhersan (1368) puts the dilemms succinotly when he
states:
"1f science were compulsory, it must be
attractive; if not attractive, it will suffer

if maie compulsory; and if it were attractive
it would not need to be compulsory,”
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Perusal of recent text-books in biology shows tnat
periocdiec reference is wade to the 'mew® biology., (Puck 167;

Platt 1968; Chedd 1972), Detalled investigation of this "new'
biology !ndicstes tuat it has e molecular besis, "any current
text-books in introductory biology, have in their introductory
chaptera, detailed biowchemistry outlines which arc regarded as

a necessary pre=requisite for any eseriocugs student, This often
involves deteils of sub-atomie structure and velency., (fee heisz
1967, Chapters 3 and L), Titles of some early charters in prescntly
used text-~bouks of blology may cerve as ev'dence for this chemical
emphases; "Llements and “‘cleculsz" (Berrill 1967 ); ""he “olecular
Basis Of Life" (Villee 1967); "The Chemicals uf Life" (' eics
1367); ""he vhemical Pasls Uf Life" (Utto and “owle 1.6)).

Yhat is this 'new' biology? ‘‘owv .oes it 4iffur {rom
traditional blology? "¢ is intended n L. .is ceccbtion 0 outline
some of the characteristics of Llhe nev Lioiory. *xtenzive use of
guotetions, mainly from text-books, will be used, From these
quot tions several key issues or essentlal f'estures pertalning
to the new biology will be developed for later discussion, These
key issues will be discussed in deteil to show what sypeas to be
wesknesses in the new bioclogy, Then some pointe of reetification
for bioclogleal educetion will be discussed,

Over the last few years, there has been in educstion
considerable effort made in formulatng and instituting new
courses and curricula, These particular curricule are usuelly
prefixed with 'new’, 'New' mathemetics, "Wew' secience and 'new'
English are often heard lebels, Tt is not surprising that recently



modified courses in biology have alsc been labelled 'new',

However the molecular orientetion may n t be as new as
commonly supposed, Si.pson (1769) mai-tains that whet is labelled
'new' blology is in fact very old biolupy = older than what today
is called evolutionary biology:

"It is not true that poleculer biulogy i8 a
new sclence, which has tuken over (or could
concelvably teke over) where evolutiomary or
orgenismal bislogy leaves off, {Vor that vatter
it is not true that evolutionary binlogy has left
off,) The oxygen cycle in both animals snd plents
was already well known in the elgi teenth century,
and the origins of molecular bioiogy cen be traced
gven further backe 't alrecady had long existed as
a speciality vi.en it c¢ntered a nev era by "ohler's
synthesis of urea in 1828, Evolutioneary biology
hardly exiasted before 1849, "lws molecular biology
is In faot, older than evoluticnary biology,
although it is true t..t some orgpuniesmel anpocts
of blology antedated them both,”

(¢ 4mpson 13€)).

Layton, an educationalist, arrees with Si.-:_;;aon when he
notes that bioclogical rducation is not 'new' at all,

Gurricula in current “ew “calsnd biology place & great
desl of emphasia in their preambles entitled *aims end ob jectives'
upon kuowing facts, understanding prineiples, and knowing the
procedures of science, These are considered to be some ciaracter-
istics of the 'new' blology, Tndeed it is sometices el =~~~ that
the inclusion of a preamble stressing these three aims end obJject-
ives &5 'movel' ("Form Seven Teachers' Guide™ 1970 Page 2). Texts
also emphasise thrae three gemeral festures, Tt is claimed that the
above festures are 'mew', Yet Layton (1972) maintains that these
emphases cleimed es new marks not the start, but the end of en era;

"Seience has now, like classics, to re-establish
iteelf as en effective instyument of gemeral educetion.

How is it meeting this challenge? To what extent hes

the breadth and humanity advocated by the Deinton Report
been infused into school curriculum?

eee Nuffield O-level biology, chemistry, and
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phiysics projeots, far from ushering in a significant
period of currioulum reform, are more properly seen
as signalling the end of an cra, Thoy round off just
over a century of science education in which the
emphasis has been placed in varying degrees on the
achievenent of two broed objectives - first, an
understanding of the conceptual structures of science,
science as a body of knowledge, and second on en
understanding of the procedures of science, scienoce
as a process, I'resent day educators have nc monopoly
on these objectives which date from the origins of
aschool science teaching, Certainly as long ago as
the 18408, Tyndell end Frenkland were teaching what
we would codify as "Muffield “cience' at "usenwood
College in lampshire,”

(Lsyton 1972),

¥hat seems to be applicable for 'uffield biology scems
to be ulso appropriate for Wew "ealmnd biology. Current “ew "ealend
biological educstion deals with expuriro~tszl procedure and
accumulat - 1 factual knowledge, "hese characteristics sre old,

Furthernore therc seems to be diff rences of opinion
among reputable moleculsr biologists as to the preclse nature of
‘new' biology. “tent (1968) emphasises tiis point whon he states:

"Kendrew, ..e begins Lis apprecistion of "Fhage end the
Urigins of ‘ulecular Biology”" by nsking what molecular
biology actually is, ‘e points out that he is aware of
the bilochemists view that so-called molecular blology
is naught but the unlicensed practice of biochemistry,
fut, fendrew writes, 'Molecular biologists themselves
are by no mesns unenimous about the nature of their

« To anyone brought up in the Pritish school
of molecular biology, @s the present reviewer was, it
is a 1little 0dd to find in nearly evewy contribution
to this book the explieit or impliecit assumption that
molecular biology had its only real beginnings with
the phage group, and that the central theme of the
subject is biological information,' This emphasia on
information 1s odd because ¥,T, Astbury, ome of the
originators, and first propegandizers of the temm
molecular biology defined it as follows: 'Tt (molecular
biology’ is concerned particularly with the forms of
biological molecules and with the evolution, exploit-
ation, end remificetion of these forms in the ascent
to higher and higher levels of organisation, Molecular
bioclogy is predominantly three dimensiocnal end
structural - which does not mean that 1t 1s merely a
refinement of morphology. Tt must at the same time
inguire into genesis and function,'
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Thus Astbury's definition does not even wention
biological information or genetics, Put, by the time
the term 'molecular biology' had become popular in the
1950's and many a research and university department
had been organised under that name i1tz meaning had
cvidently widened to include moleculsr genetics, And
as ¥endrew points out, though molecular geneticists
are interested in such matters as the D,7,A, double
helix, their interest in the structure is not 'geo-
metrical so much ss topological: the one dimensional
( rather than the three dimensional) nature of the
information store and the role of the speoific pairs
of nitrogenous bases in replicstion,' Thus there have
existed and there still exist two schools of molecular
biologists ~ structurists and informationista,”

(Stent 1368),
Texte~books do not review or note these controv.rsies at
all., "Tn the interests of clear unoluttered cxposition, they scem
to accept a simple formulation for moli...ur biology:

"The ultimate aim of the modern movement in
bioclogy 41s in fact to explain all biology in tems
of physies and chemistry,"”

(Crick 196€),
Text writers in biology, espeecinlly in more recent
text-bo.ks, scem to accept the position aiocited by Criek, The
following quotetions have been extracted from a relection of
comronly used textebooks:
Firstly, molecular processes and the unification of all
the sciences are emphasised:

"In blology, the most rapidly advancing field
at present is molecular biology., This terms refers
to th- poﬂulm thet me

101" D €6 moiesc! svel, The implication

a prmu hu baen oouphtoh described
u the molecular level there is nothing else to
desoribe, This approach has been very successful,
and has lec $0 an understanding of gene structure,
of the energy tumover in the cell, of the processes
of nerve conduction, and many other phencmena, In
addition, molecular biology has mtr!.m more than




Experiment, quantification and physical aspects are

also stressed:

chemistry

"Molecular biology has emerged from en inter-
mingling of biology, chemistry, and physics, Its
subject matter is life; its experimental techniques
are frequently mathematical snd physical. Its
language like the language 01 all science becomes
increasingly unnatural, precise and mathematical."

(Smith 1968),

" eee Science is essentially quantitative and
metrical, Until the advent of molecular biology, the
science of biology, or large tracts of it seemed to
escape this characteristie, Molecular biology is a
thoroughly guentitative science."

(Smith 1968)

"In any case scientific biology has two
principal characteristics: the insistent belief that
organic structure and function will find their
explanation in terms of sub-microscopic units
(molecules and their parts) w . ose properties are in
turn expressed by laws of chemistry and physics, and
the steedy quest for relations among facts rather
than isolated facts alone - relations expressed as
empirical laws when nothing else is av@ilable, bdut
preferably (as soon as the state of our knowledge
permits) broader and mere fundamen'~l relations,
and systems of relations (theorier). ewpresnad in
a language that is appropriate $6 science, Tormal
rather han colloquial.”

(Reiner 1968).

"Perhaps for the first time - or at least far
more clearly and insistently now than ever before -
the key theme of scientific biology is becoming a
reality instead of a pious hope,

That theme is the development of a unified and
quantitative theory of how living organisms function,
expressed in terms of the most fundamental explanatory
concepts that cen be used,"

(Reiner 1968).
Many text-books emphasise the apparent necessity for
as a pre-requisite for biology:
"Basically, all cells function through the

mechanism of chemicals in interaction, The material
of which cells are composed is, of course, chemical



as is the mans by which their protoplasm end
ormnu are fomed aﬂ thei.r utivitiea carried

chemistry in order to oompmhand oallular structure
end funetion, Biology st the cellular level ip
largely ohemistry and physics.”

(Philiips 1971).
Secondly:

"Piology expanded and altered greatly in the
nineteenth century, and has continued this trend at
an accelerated pace in the twentieth, Thia is due
in part to the broeder scope and more detailed
knowledge avallable today, and in part to new
approaches made possible by the discoveries and
techniques of physies end chemistry, Tlhese tecinical
advences have led to quantitative enalysis of the
moleocular structures and events underlying biological
processes, a facet of the sci=nce has been temmed
molegular biology. This inecludes (1) analyses of gene
structure énd function, snd of the mechanisma by
which genes control the syntheses of engymer and other
proteins; (2) studies of subecellular structures and
their ralaa in aanptiu and regulatcry processes
vithin the cell; {3) investigation of the mechanisms
underlying cclluler differentiction; and (4) analyses
of the molecular structure of specific protaina -
®omoglobins, enzymes and normones - in different
species, Veny of these studies, for tecinical reasons,
have used simpler micro-organisms, bacteria and
viruses, but the prineciples discovered appear in all
living things, These investigstions, indeed, have
re-emphasised the fundamental unity of life,"

(villee 1967).
Analysis is an important atrategy at present for ocbtaine
ing biological knowledge:

"Over the decades the frontiers of biological
investigations have been pushed into smaller and
smaller realms, Some 100 to 150 years ago, when
modern biclogy begen, the chief interest was the
whole plant or snimal, how it lived, where it could
be found, end how it related to other living things,
Such studies have been carried on ever since but,
in addition, technigue gradually became avallable
for the investigetion of progressively cmaller parts
of the whole, their structures, their functicns, and
their relationships to one ancther, Thus it happened
that during the pest few decades, the frontiers of
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biloclogy were pushed dowm to the chemical level,
And while rescarch with larger biologioal mita
ocntinuu as boforo, ho n bio st em

_' oh I 11 raat : .

Biology here merges with chemistry, Today there
are already many signs that the next frontier will be
the atoms which in their turn compose the chemicals,
and bivlogy tomorrow will undoubtedly merge with
atomic physics, Such a trend is quite natural; for
ultimately living thinges are atomie th'ngs, 'en-
ultimately they are chemical tiings, mnd only on a
large scale are they plants and enimals, Tm the last
analysis, therefore, blology must attempt to show
how atoms, end chemicals made out of atoms, sre put
together for form, on the one hend, something like
a rock or a piece of metal and, on the other, some-
thing like a flower or a human baby, This book is

en outline of how successful the attempt has been
thwe far,"”

(veise 1967).

Veise (1967) the author of a current text-book commonly
used in secondary nchools, stresces the ultimate unity of the
basic sciences tl.rough reducing bioclogy uliimately to rhysios, Ve
makes minor reference to 'organismie' blology, assuming t at the
‘newest' is also the 'best'. Key issues cmphasised with these
juotes are enalysis, quantification and the ultimate unity of
soience, Villee (1967) also makes scamt rofersnce to traditional
aspects of biology. The *new' bioclogy is molecular in orientotion,

The argument which seems to have been sccepted by text-
book writers end curriculum makers cen be presented as follows:

(A) All matter obeys the laws of physies ond chemistry,

(B) Orgenisms are composed of matter,

(3) Therefore organisms obey the laws of physies and

chemistry,

On the surface, this seems to be a perfoctly acceptable

situation, Just as chemistry (beginning from alchemist origins)
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has come under the umbrella of the laws of physies, biology, it
seoms, is also maturing, as it takes on the laws of chemistry

end then physics, It would seem that it is but a matter of time
before unified scienoce reaches a cu’mination, After all splinter-
ing within the soiences is currently a problem, and a unified
single science with similar concepts and methods 13 mest desirable,
(Bohm 1970).

Put this position, if it 1s npgreed to, creates problems,
Prysica apparentily is the uitimate 'mrture' science, All other
sciences therefore must be at different temporary stages of
development townrd maturity. ¥oleocular biology is closer to physics
thon the 'old dogfish/eartiworn’ biology. Already the lews of
physies and chemistry can be invoked in molecular bilology, If this
is the case, then it follows that molecular biology is a temporary
subject for biologloal research end for biolopgical education, "New'
biology ia thus merely a passing phase in biclogical sducatiocn,
furthermore, if curriculum makers continue to formulate these
temporary courses, then it would sppear that they c.uld be guilty
of inculecating emphases which mey be more fas!iicncble than perva=-
nent or educationally valuable, (Ramage 1773).

Moreover, would reputable molecular biologists cdmit
that 'new' biology is but a short term temporary affalr? 1€ they
agree to the statements by Crick and others, then they must also
agree that ultimately, molecular biclogy will become asnachromistie
in research. amd in blological education,

It may be that 'new' biology is indeed temporery, if
heed is taken of the following statement which is part of some
conclusions of a national study in the United States of America:
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"The basic research performed by federal and
state agricultural research organigations is of
num quality, suffers from a "

eadership”, and is guided by poliecies
Mrimmtal to the h:teroatn of agriculture, This
is the opinion of a number of welle-known academic
solentists who studied ti~ agricultural research
enterprise under the asuspices of the Naticnal
Mnﬂ.enw ot Sc!.mooa. (The mport. states thaﬂ;) sos
Thy 8¢l : of ag Sure

eve Basio work on photosynthesis, the panel
ascerts, is 'almost without exception carried on
in private and stete universities and research
institutions without sup ort from the U.5,D.A,
(The Department of Agriculture).

ees Of 56 papers on photosynthesis presented
by U.,S, partioipants at the 1769 International
Botanical Congress, only two acknowledge suprort
from the U,S,D.A"

(Seience, Vol, 180, No, 4084, April 27, 1773
Feges 390 - 393).

The guotation indicates that in the field of molecular
botany, the amount of significant rescarc: seems to be declining,
A reason for the apparent "shooking lack of intellectual leader-
ship" may rest with the basically '"non theoretleal' position upon
which current molecular botany and "'new' blology in general adopts,
This important quotation will be discussed in detail later, All
that i intended at this stage 1s to use extonsive quotetions to
show what characterises the 'new' biology.

Hounting criticiesm can not only be found about the ‘new’
biclogy in biologicel research. Biolofiical educators, albeit few
in number, have voiced conecern, Much of what is sald is of the

following tenor:

“"As a biologist who has been engaged in bio-
logical further educastion for fourteen years, I feel

compelled to express ny growing concern over the
current obsession with one-sided syllabus developments,



Certain educationalists in high places have
become convinced that blology een be equated with
one discipline such as biochemistry,

Vo biologist today can fail to be aware of
the great excitement and intellectual stimulus of
recent developments in, f r example, the fleld of
nucleic acid control of cellular events, b t may T
appeal, somewhat plaintively, to any bioclogists
who fesl that other aspects of our subject such as
embryology, geruntology, genetics, evolution,
ecology, enimal and plant phsioclogy, parasitology,
and immunology ere important, to stend thelr
ground in the face of increcasing pressures end to
speak out in favour of some of these studies,
which may otherwise become neglected, or totally
disregarded because of pressures to get time for
more chemistry supporting more biochemistry, T
also feel the danger that non-biologist principls
md influmtial menberu of comitteol M_M

thct they w bo pro.';udi pd 4in tl ia dinotion by
specialist advice which is not necessarily
representative of the majority of contesporary
biologists, After all, nobody would expect modern
physics syllabuses to become exclusivelv ¢ .ncerned
with nuclear physics, and surely a hasty sving
towsrds one branch of cur own subject may produce
harm in succeeding generations of students,”

50,

{Bennet 196%).,
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VHAT ARR TE PSSEVITAL FEATURSS OF
THE SNEE*_BTOLOGY?

Toting the quotations previously outlined, a few
essential features of the 'mew' biology ocan be observed, 1t
is intended to outline these as essential featurss:

1 Kmphasis upon detalled functional mechenisas,
Streas upcon guantification,
ITI Emphasis upun 'practical-experimental' blology, in

contrast to 'mere' ohservetion.

w A 'unified science’ is possible,

v 'Enquiry procesnes' are important.

Vi The downgrading of botany in bilolojy.

Vil Sducational 'precceiousness' in biology.

VIIr: imipasis upon the 'central dogme' of molecular blology.
o4 The downgrading of ‘theory' in biology.

This 18 not an exheustive list, (tier features oould

be outlined, but the sbove seem to be some malor omes,



It ie assuned tiat the more biology analyses and describes,
the more bag:g the processes will be when observed,

Analyeis simplifies biology. The 'princirle of pariimony’
is importent, All apparent complexities or intervening variables
are pared away., Sventually a stage is reached in the analytiecal
process where apparently only the 'essentials' remain, This analy~-
tical strategy t:citly assumes that the level below is pore basic
than the level above, "iological textebocks com.only outline 'levels'
in the following manner:

The Hierarchy Of Levels In The Urganisation
Of Matter,
Elementary Farticles
Atoms
Compound..
urganelles
Cells
Urgenisms
Populations
Commmitien
Biomes
Biographic Regions
Biosphere

(After Weiss 1967).
Current biology stress the range from cells to elementary
particles, but neglects the other levels, Crosslend (1971) has
developed a method which conveys relastive emphases of levels in
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biologioal textebooks, This meothod has been extended to include
‘theory'e The graphs which follow have been developed using

crosslend's methiod,

gy To Love

Yolecular Level - 4
Celiular _evel - g
irgen and Tissue o G
Tndividual Crgenism ks T
Fopulati . n - P
conrunity - [
“orld "iome - ¥
Theory - 4

{ feor Crossland
1971),

Hetinod.

The evaluaticna of the texte were cbta'ned by urossland
using some text readers [temciers, and L' ulogy gridustes), :fter
reading a text, a reador gelected the level, v ‘eh in h's opiniuon,
was given grestest emphosis, "he greatest emphasis woa given n
matinum of five on n 0 « 5 nmecale, "he reader then estimated the
other levels by couparison with this highest level. "hen the results
were grephed, Crossland's graphs in the following group, are those
releting to Nuffield Ndology (196F « €7], Cooke, Durkitt end Barker
(1953), and “aokesn (1965), The others were developed by the author
but with some senior seoondary school students of blology to assist
as readors, The graphe are as foliows:
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PROFILES OF RELATIVE EMPHASES ON BIOLOGICAL

LEVELS (OF ORGANIZATION. TRADITIONAL BIOLOGY

TEXTS.(Letters indicate levels.Numbers indicate emphases.)

Deve loped f'l'o:n C rosslan dM arch1971,
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The analysis of course is cpen to oriticism, Namely that it is
not detalled emd objective, Yot it does serve to stress general
emphases in biologlcal education,

“he major point of discussion is the omphasis presently
used texts place on the left hand slde of the graphs; the marked
naeglect of the right hand side, The molecular mnd ¢2llular levels
are given a much greater amount of emphasis, Tn traditional 'old'
bio’oglcal texts, stress !8 placed upon the 'organ-tissue' and
'individual' levels, fiowever botii the treditional md the modern
biology texts seem to emphaslise the organ-tissue level, "ut on
furtrer investigation it is f'ound there »re marked differences
at this level, Tor example, a traditional text-boock would emphasise
tissue structure end briefly describe a few escential functions,
‘‘odorn tert-bsooks, by contract, ro into a rreet d-el of anaelytical
and cansal deta'l, 'uch of this '"function' 1s at molecular, atomic,
and even lonic levels Tor exsmrle, ths greatly dotailed sequential
steps of the respiratory rathways are comonly cutlined in current
texts, Fhotosynthesis, excretion, muscle contract on end protein
synthesis are furtier examples, Though the 'organ-tissue' level
1s ussally near top priority whether in new or old biology texts
the emphasis within the level has changed. Tf analysis is given
importance, then the number of descriptive labels mdst also
increase,

A major conseguence is that students today find that
they are required to deal with masses of desoriptive detall,

This problem will later be discussed under 'factuslism' in biology.



"The highly developed language of science
makes the subjeot matter opaque to the uninitiated.
An form of methematical treatment - amd sfter all
mathematics has been sald to be the language of
science « imtediately dininishes the potential
readership,”

(Smith 1968),

Juantitative biology 1s emphasised in two ways, Firstly,
there has been an upsurge in the use of statistiocs with the
incorporation of population biclogy. “econdly, bilochenical aspects
are amenable to mathematical formulations. The '"new' biology thus
incorporates a great deal of information at the physiclogical level,
which is amenable to quentification. “mith (1948), (gooted) seems
to regard favourably the reduction in potential readers ip
throug . mathematical pre-requisites for bislogy. {Arparently
Yquality' of bLiology cstudents holds grater priority than 'quentity').
In view of the marked 'drift' from science, and th's drift does
not exclude biology, this tactic if applied at introductory levels,
would probably enhance the trend, Smith goes so far as to iuply
that the drif't is a gocd thing, Uther reputable scientists dise
agree, (“rian 1)69). Current courses, ourricula =nd text-books
stress mathematicel aspects, For examyle, the following outline
refers to the use of stetisties in a current blological prescription:

"Students should be familicr with the

following ideas and techniques by the end of
the course:

- randomness, change and probabllity

- mothods of data pressntation; frequency distributions,
graphs and tebles

- simple differences between samples and populations;
statistics end paremeters

- sampling techniques ineluding simple rendom sampling
end simple systematic sempling



= hypothesis formulation and testing using the
Student's t and/or Mann-Thitney U tests and Chiesquare
= the nature of type T and type TI errors, two tailed
and one tailed tests, "

( "University Bursery/Scholarship Biology” Form Seven
Teac:ers' Guide, Department of Zduention, N.7. 1971
Page 53).
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Cu.rent biologicel curricula in Yew “ealsnd also appear
to stress 'the practical aspects' of biology. A situation seems
to have developed where 'the practical' is oprosed to, or surpssses,
‘the theoretical', "n doing this, curriculum makers in New Zealond
bioclogy courses would appesr to sgree with the following commonly
held conceptions:

"Phroughout the course grest emphasis is

placedu ;on practical work, and the development

of essocieted skills ,.. Emphasis is placed

upon the development of intellsctusl snd practical

skills which are fundamental t0 an understanding
of biological science.,”

("University lursary/Scholarship Tiology” Form Seven

Teachers' Guide, Department of Hducation, V.7, 171,

Page 5).

In advocating practical biology, biolorlcel policy
makers seem also to ™~ derlding theoretical biclogy., Theory, and
theorising seems to Lave become antithetical to the practicsl,

"he notiom 'prectical biology' needs furtier elaboration, Fractical
blology takes on a number of meanings, Five will be elaborated
which are currently applicavle to biological educstion,

Firstly, ‘practical' biology can be regarded as 'spplied’
biology. 'Aprlied’ blology is that biology which is clossly related
to national econorics, The work of an 'applied' biologist is
‘useful' in the immediate sense, 'Pure’' biology contrasts with
'applied' biology, in being not immediately useful to the national
egonomic interest, Usually 'applied' biological research is more
readily funded thmm "pure' blological research, even though the
'pure' biclogical research may, ot some time in the future, even
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take on 'eprlied' characteristics, For example the study of
echo=loecation in bats, originelly 'pure' biology, later became
'applied’ with the development of radar end 'sceing' spectacles
for the blind,

Current biological educ-tiom places great emphesis
upon 'applied blology:

"A close contact of seventh formers with
working biologists is very desirable both to see
the Jjob relevance of biologleal studies as well
as =ome of the praoctical lssues invulved, in the
application of biulogical concepts and methods,

If possible, students should have oprortunity to
meet prc-Sicing biologists in malt-works, medical
laboratories, sewage trcatment plemts, fisteries,
landscepe design, farm management etc, Discussions

with these reople could be followed up with
project work and related experimentel work,"

("University Bursary/‘cholarstip 'lology. Fomm Seven

'eachers' Culde, Tepartment Cf “duc:tiocn, W.%e 1271,

Fapge 2),

Eeing practical within the context of current biolougical
educntion in Uew "eal md nmay therefore mesn 'sasocliaste with
*ap' lied' biologists and observe them at work', Thir emrhasis
places a vocational stress upon current blology. 't may be
carried on with the speeific intention of gaining recruits into
‘applled' biology. Attractive salaries with accompenying high
social status may act as & furtier potent incentive, 'Ture
science' and/or 'theoretical science' would probebly appear much
less attrective to novice students,

Horeover, the marked stress where practical work
eacompassee 'applied' bioclogy seems to reveal a concern by
curriculum makers that introductory biology must have 'relevance’,
This could be called en instrumental functiog of present practical
work, 7t is an attempt %o show students that not all they leam is
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'vogue and unimportant', Tn emphasising this aspect, curriculum
makers seem to be assuming thet a great desl of biology is, or
has been, irrelevant in not being vocationally orientated, Tt
would also arpear that the ocurriculum formulators are not fully
aware of the function and nature of 'pure' biology, 't can bde
noted that 'spplied’ bislogy must rely upon 'pure' biclogy. PBrian
(1969) notes the need for advocating both in blologicel education:
"I can speak from exparience of the value
of teao ing pure and applied sclence in the same
departnent, At the University of Glasgow, agri-
cultural botany and pure botany have for nany
years b n taught in the sume department, sgri=-
cultural zoology and pure gooclogy similarly, The
two sets of siudents share scme courses in common
but separate for others, The intellectual stimulus
to the students themselves ar'sing from the intere
action of two different backgrounds iec imense and
it is posscible to provide far better teacning for
both lots than two small depsrtments cculd achieve,"
(Brian 1969).
A second meaning to "praciiocal work' could be Yield
work'. Ecological type exercices are emphasised in most biology
courses, 'n general these activities stress juantitative pro=-
cedures {transects and quadrats), Little attention is paid to
extensively observing organisms in their natural habitats in the
manner of a natural historian, This is apparently subjective,
Lounting, data collection and gollation take precedence over
extensive observation, This relates to current deriding of theorxy
in biology. Theory end observation are closely related, (This
will be discussed later.)
Thirdly, being 'practiocal' may involve doing laboratory
work with equipment (microscopes and glasseware)., This meening is

also emphasised,
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"The preseription seeks to develop the
following skills ,., the use of practicsal
techniques of biologlcal investigatiocn: the
ability to handle seclentifie apperatus, to
observe and record accurately, and to handle
the guentitetive information, and assess
error and degree of signifficance,”

(Department Of Hducation. ".”. 1971, 9pseit ).

Fourthly, doing practical work may be taken to mean
working through exercises from supplied laboratory manuals, Stress

is currently pluced on laeboratory manual work,

Some Peatures Of Leboratory Manuals.

Fublisied with some textebooks ond courses, are specially
designed leboratory menuals which, if vorked throug:, =2im to
develup s8ki1ll in hiuwaling olological apparatus, For example the
Department of Zducation in New “"ealsnd as publisied a Laboratory
‘enual for sivth forms entitled ""iological  cience: Frocesses And
Frttems Of Life", Laboratory ianual, "3/0, A cyclostyled manual
i:as been supplied for seventh “orms,

Vany exercises in these laboratory msnuels involve
strioct obedience to a particular sequence of steps ‘n the manner
of a cookery book, If not, the '"enswer’ ('n this case usually an
observed colour-chonge or a wmeasurement) is not obtainsble,

Teacliers and students are frustrated if a laboratory
exercise does not 'work', That is, the exercise does not consiste
ently reveal the 'right' observation at the end of e sequence of
instructions, They could of course, use the 'wrong' result as en
avenue for discussion, Put time is at e premium, end most teachers
will not repeat laboratory exercises which have previously not
‘worked’, Therefore a selection process has occurred, Most which
are published will, with care, 'work', However this selection



progess hes brought with it major sacrifices,

It has been found that exercises donling with whole
live animals ere difficult to carry out because they never seem
to obtain the almed-for 'observat’on', Usually a teaci r or
student has some idea as to what is the consequence of a lebora-
tory exerciese. The trouble arises when the animals wiil not
'behave' in the appropriaste menner, Thus 1t is foun. that lobora-
tory exercises involving live and mobile animals have been culled
from current lsborastory menuais, Alternatively animals =gy be
used in laboratory exercises, but so coumpletely sut of oontert
of the habitats in which they have evoived thiat it mnkes the
exercise biologically naive, Slaters may move nway frum ~ blagzing
light bulb, and this may be carefull; noted by students, but the
evolutionary significance of negetive phototaxis in slcters nay
not be menticned, "heoretical aspects whicl wauld comlexify the
laboratory exercise are gener-lly not accounted for, ©'nally,
wihole organisms are gometimes difficult to obtain wien neesded,
“ost biology teachers !ave suf'fered from the dilemma of trying to
find sufficlent wetas fron the field for an insect dissection for
a class,

However chemicals end extracts are more readily cobtain-
eble from the laboratory shelves, There is a merked tendency for
laboratory exercises to be 'in vitrio' exercises, Th's iz cone
firned by the imediate and sometimes spectacular observation
(eolour change or measurement) which cen be n ted at the coneclusion
of the instructionel steps with 'in vitrio' prectical exercises,
Moreover, a great deal of current 'applied' biological technigues
are 'in vitrio', The skills necessary for 'applied' biology can be
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begun at school, Consequently, current laboratory exercises are
likely to involve chemicals end test-tubes in laboratories tian

live organisms in their own haobitats,
The following teble of enelysis serves to evemplify

this:
Table 1 _ ! leigy To Tiree Feotors
in A Laborstory Yanual.
"Biologicel Soience Processes And Tatterns Of Life"
Laboratory Yanual 1970. (A Sixth “orm tenual).
Total Yumber Mo, of o, of Mo, of
of Exercises, :=xercises Exercises Exercises
TDevoted To Tnvolving Devated Mo
¥hole Urganisma Chemicals And 'athemstical
In Habitats, Extracts, "echn’ ques.
50 21 22 16

Tt cen be seen that by fur the ma ority {thirty-e’pght) of the
laborstory exercises are devoted to working with either mathe=-
matical type exercises, or with 'in vitrio' type exercises, In
faot only five involve fleld observation, Some involve aspects
from all columns, This is why the total is greater than fifty,
The selection of practical exercises therefore contributes to
the non=theovetical nature of current biclogicel education,
Fourthly, practical work may mean carrying cut

individual project work:

"To achieve the alms of the course, STUDINTS

MUST HAVE THE MAXTMUM OPPORTUNITY TC CARRY oUT
THDIVIDUAL RESEZARCH (in the literature the f'ield or
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the labor:tory) and a MINIMUM OF EXPOSURE
TO LECTURKS AND FORMAL LABORATORY EXERCISES "

(“Department of Education Form Seven Teachers' Guide"
opecit. Page 1, Thelir emphasis).

In eonclusion, observation is played down, A gquick glence at a
colour change, or change in suell, or a measuremcnt or a state
istical solution may be all the observation which is necessary,
Practical work is emphasised, A great deal of this work is

chemlcal =nd mathematieal rather tham biologlcal,
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Esvential Feature IV - A Unified Scienco Js Fossible.

At present concern i2 felt about the splintering of
the sciences, Technique centred specialist areas have prolif-
erated (Yeiss 1970), Apparent new sciences have developed, This
diversity created by specialisation prevents commmication

between each science or between each specialist area:

" ees Sclence is partaking of the general
conditions of fragmentation, Thus, there are
sharp divisions between aprlied science and pure
science, between theory and experiment, between
one specialiged field :nd enother, and between
different branches of each speclality.”

(Bohm 1970).

The three 'basic' sciences are physics, chemistry and
biclogy. Yodem chemistry had its origins in elchemy, From these
origins it has developed into a r-spected science, ™Tn its devele
opment, chemistry has been encompassed by the  ars of physics,
Tt has sarparently matured, Physics is considered the most "mature’
of the sciences, Similarly with blolopgy. Tt iz assured by many
current biclogists that biology will follow the pattern of
chemistry as it natures, Already, it seems, the p~inciples of
chemistry have embraced biology.

" eee the fundamental paradigm of explanstion
the goal of all scienge - has been to reduce or
explain all phenomena in physico-chemical terms,

sese The history of science is routinely
deseribed as a progressive approximation to this
goal, This is the metaphysical and methodological
explenation for the fact that molecular biology
is the queen of the biological sciences, and the
besis on which other biological (ineluding humen)
solences seek, ultimately to rest their arguments,”

(Young 1971).
It appears logical that given concentration of research
in molecular biology, bioclogy will eventually be explained in

temms of chemistry, If biology esn be interpreted by chemical



principles, 1%t would be a short step to biology being explained
in terms of physics, Thus chemistry, physics and blology will
become a unified science. This seems to be a commonly held
assumption,

The argument is fa:lty if 1t is takem further, Fhysiocs
must have its .wm principles and laws, These are mathematical,
The ultiungte mature science, therefore, econtrary to the popular
assunption perpetuated in texte~books, must be applied maethematics -
not physies. Would a reputeble mathematiolen claim thet he is
studying physiocs when he 1s solving mathematical problems? “oree-
over why ought one study physics, chemistry and moleculer bioclogy?
Vhy not merely study mathematics? The sdvucates of molecular biology
put thelr own field of study in a poecition which could be regarded
as bogus, Vo molecular biologist would admit to this, Tor would
a mathematiclan claim that he was studying moleculer bilology,
when he is studying mathematies,

If biclogists accept the assumption of an ultiuately
unified science they must therefore accept thset current biology
is tewporary. Biologlcal educators, in trying to keep up to dste
with the latest information and the enormous changes taking place,
seem to assume that these changes are maturing steges toward en
ultinmately unified soience,

Furthermore, some decision is required as to when the
ultimaete unified science i3 to be achieved, If this tine is
estimated to be in the near future, then priorities for biological
educetion must be established now, Tf this likelihood is remote,
then different priorities must be established for biological
education, Yet current biological educaticn, by its emphases,
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assumes that e unified sclence will occcur in the very near

future, That it may be impossible does not arpear to be glven

consideration,
To conclude, the following three quotations are
appropriate:

"Excessive reverense to Jewton and his
mathematics led to too much respect for 'quantity'
in scienoce and e neglect of 'quality' to a narrow
almost mechanical, conception of solentific method,
end to the extreme wmiducticnist dogma expressed by
a physics professor who, within the last five years,
said to a group of science teachers "Physics is
the most fundamentel of the sciences since ultimete-
iy it must be possible to exrlain nll of the
phenomena end properties of the material world in
terms of the laws and concepts of plysiocs,”

(Ramage 1967).

Wot all physicists arc aware of exclusively biological
properties and princinples, Simpaon, on the other hand accepts the
ultimate unification of science as a possibility, but he outlines

an integrat ve trend which is the direct oprosite of the current

"n our dgys, Hinstein and others !.ave sought
unification of acientific concepts in the form of
concepts of inoreasing generality. The goal is a
connected body of theory that might ultimately be
completely general in a sense of applying to all
material phemomena,

The goal is certainly a worthy one, end the
search for it has been fruitful, Nevertheless, the
tendency is to think of it as goal of science
or the basis for unification science has been
unfortunate, Tt is essentially a search for a least
common denominator in sclence, Tt necessarily and

purposely omits much of the greatest pert of oselence,
hence can only falsify the nature of science and can
hardly be the best bases for unifying the sciences,

I suggest that bdoth the characteristiocs of science

as a vhole and the unification of the verious seiences
osn hardly be the best basis for unifying the seiences,
I suggest that both the characterisciion of science
as a whole and the wmification of the verious sciences



can be most meaningfully sought in quite opposite
direction, not through prineiples that apply to
all phenomena but through phenomena to which all
srineirles apply. Even in this necessarily summary
disocussiomn, T have, 7 beliove, sufficiently
indicated what those latter phenomena are: they
are the phenomena of life,

Biology, them, is thie science that stands at
the center of all science, 7t 12 the aclence most
dire.tly almed at soience's major jonl end most
definitive zoal, And it is here, in the field where
all the principles of all the =clences are embodied,
that soience cen truly become unified,”

(2 impson 1963).
In conclusion, Ramage (1967) sugrests that philosophy
of science, especially phiiosophy of biology, has important
contributions to meke in biological education to elucidate
exclusively bioclogical conceptes and theory:

"!uch of the recent work on new sciemes for
school seience education has been marred by excessive
attention to means =nd tco 1little Lo ends, “uch
consideration has been given to the mechanics of
teach-mg m-.l leaminw science, but far too little

anéd wherefores., For examrle,
tm diajointeﬁ liat of alleged aims for one biology
courso make: no distinction between those aims
which are scientific in gencral and therefore
attaina>le through any branch of science, and those
which are biologiocal in particular and 50 require
specifically a course in biology."

(Ramage 1967).
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This essentiel feature 1= generally not acknowledged
by ourrent text-bock writers. An exception is the "iote To

Students" in"Biolo Sclence: Processes And Pattems", 1770,
One has to look at leboratory guides instead, to note the emphasis
on 'enguiry procesces',

"It 1s hoped that the course will foster a
eritical arproach to biology with emphasis on
experinent, enguiry, and understanding, rather
then on the accumulation of information,"

{"riological Scienve: Processes ‘nd Pattems Of
Lif'e", Laboratory Guide, Nepartment Uf "ducation,.
Preface. 1970).

"One of the prinecirle sims of ihe Wuffield
Niology Course has been to forer a erit!
approach to the subject with an empl:asis on
experimentation and enquiry rathor then on mere
factual asgimilation ... "n cla s practical work
the accent is elthor in using information,
techninues and conecepts, or working them cut,
it is escontially an investigator; or probleme
solving activity.”

(Muffield Miology Teachers' Guide. T,, ages
XTY, and XTTI),

""he ind usion of a preamble setiing out
the aiss and objectives of the course i3 probebly
the most novel feature of the prescription, 7t
places great emphasis on T IEVELOPMINT OF SKILLS
AND ATTTITUDES yather than the former atress on the
acquisition of knowledge,"

(Porm VIT Teachers' Guide, University Bursary/
Seholarship, Department Of Education, V.2, Page 1).

Despite the emphasis, there is still an inoreasing ‘drift’
from biology, A detailed account as to the nature of these ‘enquiry
progesses' is necessary,

Commoner (1963) notes a 'knowledge explosion' in sedence,
Biology has also been affected, (Yost recent textebooks are larger
than traditional school texts,) Emphasis is now placed upon
analytical detail, and complete specification,



The prob” em therefore, is how curriculum makers (and
students) ere to deal with this emormous quantity of biological
knowledge, A student cannot absorb it all., There appear to be
three altemmative strategies, Firstly, curriculum mekers could
reduce the quantity of information needed to the moat essential
details, An attempt seems to have been made to do this, with en
emphasis being placed upon 'general themes! (Glass 1965) or 'big
soveral 1deas' (Department of Zdueation V,”, 1970), De Beer (1963)
also advooates this strategy., Tet tiis has falled, The quantity of
information has shown no reduction at all, For example the
foliowing text=bo ks serve to show how already very large text-
books in biclogy become even thicker,

"he text-book "Niovlogy” by C.A. Villee was composed of
six hundred and tventy-five pages in 162, 't wes then in its
fourth odition, Tn 1967 the fifth edition totalled seven hundred
and thirty pages. Tn flve years the text-book had increaced bLy
over cne hundred pages, Seeondly the textebouk "The Science uf
Blology" by Yeisz in 1963 consisted of seven hinéred end eighty-
six pages, Yet in 1967 the text was not only larger in area, but
1ts volume had incressed to eight hundred snd elghty-six pages =
an increase of over one hundred pages in four years,

A socond strategy - the one being proposed - would be
to advocate theoretical biology, This could reduce the cheer
quantity of fact to be learned up, Tt could also act as a backe
bone for research, M"iclogical curriculum makers heve turmmed away
from problems of subject-matter toward pedegogical aspects, They
have relied upon the incorporation of 'enquiry processes' into
biology @s a way of edequately coping with the 'knowledge
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explosion', Yoreover, the rationale for enguiry processes may be
distorted to o level where they are deified as being much more
significant than the sub'ect-matter:

"“ome of 1ts proponents heve elevated it
(learning by discovery end inqu'ry techniques)
inte a panacea, making exaggerrted claims for
ite uses and efficacy that go fer beyond the
evidence, as well as far beyond all reason.

Tt purportedly can do things for whioh it was
never intendedy and is even ill adapted - end
for reasons that border on nystical veneration
of its alleged effects on the leaming process,
or on sheer centimental fantasy about the
nature of the child eand of the educational
pmm&."

(Ausubel 1961),

The detailed guantity of information presented in
laboratory and teacier puides under "aims and objectives' is
sufficient to as-ume a oertain degree of 'vencration' among
blological curriculum makers of engulry prooes:ses,

A nusber of different interpretations scer to be made
as to the nature of enquiry proocesses, However, all appoar to be
based around the 'hetristics of discovery' promulgated by Fruner
(1960, 1971).

"Intellectun]l activity 1s anywhere the same,
whether at the frontier of knowledge or in a third
grade classroom, "hat a scientist does at his desk
or in the lsboratory, what a literary coritic does
on reading a poem are of the same order as what
anybody else does when he is engeged in like
activities = if he is to achieve understending,

The difference is in degree, not in kind, The

sehoolboy learning physics physicist, end it

is easlier for him to leam s8ics behaving like a
physicist than doing something else.”

(Bruner 1960).
Bruner cutlines the ‘heuristics of discovery' in a

simpler way when he sgys that they are "a style in problem
solving or inquiry that serves for any kind of task one may



encounter,” (Bruner 1961),

This therefore rclates closely to the development
of attitudes and skille, Tnstead of rote mecorisation of factual
materiel in biology, the methods of ebtack (appropriate attitudes
end skills) cre developed for students, (See previous guotation
Form VIT Terchers' Culde)., Current biology has therefore pressed
for this third alternotive, Tm doing this, it hes allowed for a

number of implicotions and consegueneces,

(e) The Subject Yatter Contemt Is 0F Little Account.

Ausubel is & strong eritic of ‘enquiry processes':

"Yuch of this "heuristics of disocovery'
orientation to the teaching of science is implied
by the view that the prineip,l objectives of
science instruction are the aciu sition of general
inguiry skills, eppropriaste atiitudes cbout
science, end training in the cperations of dioe
covery, Tmplieit or explicit in this arproach is
the belief oither taal rtl i

2ub ject mattor chosen to %gﬂmt thesa poals is
a matter of indifference (as long as it is suit-

able for the operetions of inquiry) or that some-
how, in the course of performing a series of
unrelated expe-iments in depth, the loarmer
acquires all of the %eally important subjects
he needs to know,

Thus }Hibbs states: "It dves not matter
whet er the student leams any particular set of
facts, but it does matter whether he learns how
much fun it is to leam = to observe and experi=-
ment, to question and analyse the world without
any resiy-made set of mawers and without any
promium on the accuraqy of his factual results,
at least in the field of seience,”

And Suchman contends that " ... more basic
than the attainment of conocepts, is the ability
o inquire and discover them autonomously ee.
schools must have a new pedagogy with a new
of goals which subordinates their efforts to
Instead of devoting their efforts to
storing information and recalling it on demand,
they would be developing the cognitive functions
neoeded to seek out and orgenise informaetion in a
way that would be most productive of new concepte,”

Finally Paul Hurd in this particular paper contends:

E!i’r’



"To state the goals of scienceo education

is to deseribe the cognitive skilla expected in

the student rather than the knowledge assumed

eszential to attelining these skills,”

All of this implies of course that the

inquiry proeess per se in science education is

more important then the acjulsition of knowledge

itself,”

{ ~usubel 1965).

If the attitudes mnd skills are made important, then
the 'subject matter' areas could be played duown, Tt need not matter
which science is being ~tudied, The attitudes and skills ere
appropriate to all science, indeed to all subject matters, This
nay seem to be o convineing argument for the ultimate unification
of science, Tf the attitudes and skills necessary are all of the
same sort, why si:ould there be & r of sciences being studied
at secondary schools? Surely one or two solences would be sufficient,
Are thero no exclusively bioclogical ooncepts and skille to be
inculeated? (7t will be contended later that through biologieel
theory there are exclusively biological skills {creative observa=
tion), and theoretical questions of biology such ss "adasptation®,
'function', and 'entelechy'.)

It is noted as well that in laboratory guides and
ourricula very little mention is made of 'biology'. Tnstead mention
is always made of 'science' as though biology has mo concepts and
methods of its own, Voreover, it seems to indicate, erronecusly,
that there is indeed gow a single unified seience, The Laboratory
Manual, "Biologleal Science Processes and Pattems" (13970), in 1%8
introduction, explicitly denies en exclusive subject crea called
biology when reference is repeatedly made to ‘sclence' and
'scientists', It would seem that *biology' and *biologists' are
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embarrassing lebels, Biologieal curriculum makers are attempting
to eradicate from courses a science which has its own unique sub-
Jeot matter and rationale., Novngrading of biologiecal theory
contributes to this situstion., Bioclogiocal theory, it secems, is
not only em important aspect for students to comprehend, It is
alsc crucial thet blological curriculum makers have scme
familiarity with its significance, Woreover it will be contended
later that knowledge of biclogical theory in lcaming, could, if
applied to the pedagogy of biology, meke new 'nd most substantial
contributions to the cesign of curricule not only for biology, but
also for other subjlects, Yet current biological education prefers
to accept 'enquiry processes'. Tn doing so, it dowgrades biolegy
as an exclusive sclence,

Turthemmore, and perhaps more importanily, the emphasis
on pedagogy impedes the positive contributions biological science
could make to edusation.

Tt scems that curriculum makers have vecided that the
'knowledge explosion' is beyond any hope of control, and 1o Lenoce
lgnored, Tt is assumed that new sclentific knowledge bullds on to
older scientific knowledge in an additive fashion, Tuture informe-
tion will be edded tc past information in an accelerating menner,
This is recognised when statements such as this are noted:
Seienoe is

"a progressive activity each generation
building on the accumulated knowledge of the past,”

("Piclogical Seience: Processes and Patterns Of Life"
1970, Leboretory Menual, Page VII.)

According to Shis statement, the problem of the
'knowledge explosion' can only get worse, and this is the reason
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for attention being pald to 'enguiry processes'.
susubel (1265) makes obvious the importance of some
knowledge of the history end philocophy of soience in biology
espocially at more advanced levels, It is well esteblished
(Hanson 1961, 1972; Kuhn 1962, 1970; Toulmin 1962; Koestler
1964, 1963; De Reer 1969) that scientific knowledge is not
cunulaetive in the way desoribed, Yoreover it is the dependence
upon 'theory' which makes scientif'ic knowledge not cumulative.
Kubn (1962) outlines t! is situation, whien he shows, historiecally,
that science (including biology) has been syncopated by a series
of more violent revolutions, with much lonper 'quiet' periods in
between, These revolutions involve e 'paradign chenge', The
meaning of 'paradigm' is complex, (Lakatos and “usgrave 1970)
but it also involves theory chanpge, Thus if "paradigns’ are
changed, the new knowledge which accumulates o8 a result, is
different “vom ti.at of another, previocus peradign, For evample
if krowledge was cumulative, all studonts of biology would need
to sttempt to 1 arn sbout nll thinking in blology which has been
recorded, Clearly they do not do this, Mor would it be pomsible,
Curriculum makers sre not aware of the nature, nor influence,
history and philosephy has upon biology. Consequently they are
apt to be meking 'odd' statements 2. .o the nature of biology:
“The remedy (of the d#fft from science) clearly,
is for everyone to come to a much better undere
standing of vhat the scientific asctivity is really
like, This is desperately urgent with regard to

those who solence at vhatever level, A great
deal of ¢ rescarch can gquite usefully be
done by people lacking an understanding of the
higher methodology - but such a lack in

of science generates in those taught the sort
fundamental misorientation the unhappy results of
which are now coming to see, Since virtually
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everyone undergoes formal training of some sort
or another at a tertiary level, the immediate
need i, for changes in the education offered

at that level.

The prime requirement is for teaching in
each of the Sciences to give more comisance

to theoretical and methodological issues. Better
understanding of epistemologzy is needed - and

the better if it is instilled along with the
inculcation of fact and technique peculiar to

the science in question, But 4; r:s: .. _.stilled
somehow, lany of our present troublea in science
education have resulted from decades of neglect

of the essentially philosophiscel issues which,
whether we like them, or even recognise them or

not, are there nevertheless, We shall get out

of trouble only by recognising and coring with

these issues,"

(Stenhouse 1972).

Incorporation of 'theory' in biologicul curriculs,
presently neglected, wovld serve to develor understonding of the
relationship between theory and fect, 2 new paradigm in bioclogy,
tor example would likely meke some present biological 'facts'

irrelevant, Theory determines what is to count as fact. Theory

deals with exclusion and not complete specification., Therefore
a2 situation could be arrived at where subject matter content
can be outlined in curricule through the 'lens' of biological
theory, Not all of the biological 'knowledge explosion' will
focus out when the lens of theory is applied, (See pages 143 = 146)
for en explanation), Some would be excluded,

Stressing history amnd philosophy would also outline
end emphasise the need to incorporate strictly biological concepts
and methods into curricula, Moreover, the amount of subjeet
matter would be sble to be comfortably @ealt with by students,
Compared with the present text-books and laboratory courses, the
content would be adequate as 2 basir for later resesrch in biology.
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There would alse be no need to incorporaste and rely
upon enoouraging definite 'ettitudes' wnd 'skills', These would
be incorporated into a theoretical approach,

fv)

Bruner, (the guotstion already cutlined) emphesises
t 1s point, Students, it is maintained, can enact the roles of
ocientists at work, Texts and courses also follow this pusttemn:

"However 1ts full worth ‘tie text-book) will

beoume mure apparent when you see it Inm relation

to the fleld and laboratory investigations you will

be enepe:. upon, '‘n these investigations you cre

morking as o sclenbist as you seek your own angwers

to the probles posed by living orgenisms,”

("niclogslical “olence: Frocessos nd Tottems”,
Tntroduction, 1770,)

“he introduction thon goen on Lo develop tho method of
how selentisto work, 'n doing this it leaves Little doubt as to
thic nature of attitudes aend skills which ere to be developed,
"hese relate to viot 18 comronly agknowledged as 'tle sclentific
wethod* §

"Tnitially you should twy to identily the

provlen you aye zo'ng to investigate, 'f often pays
to write ti:.10 cut as a statement, You should then

i
;
:
:
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obstacles aend at the same time you will know
the excitement of adventuring after truth,”

( Biclogleal Science: Fromaoa And Pettems"
Tatroduction 1970)

Moreover 'the sclentific method' is regarded as being
impertant enoug: to be included in examinetions:

"Turing your schoole-work in senior blology
you will have the opportunity to pursue a course
of praetical work in which you have aprlied the
scientific method of investigation to & biclogleoal
problem or hypothesis.

(2) State succinetly, but completely, what you
understand by 'the sclientific method' of
investigation?"

(Entraence Scholarship Examinet on Cuestion, 1973).

Curvent courses use 'the scientific method' as the
‘enquiry process'. This eituation can be taken to on extreme, It
is implied that mere application of 'tie sclentific method' in
blological (or eny other) phenomena will roveel 'truth’,

Yet it is noted (Heslopeiarrison 1)57; lledawar 1)67)
that there is no such thing a3 e single "soientific method':

™ hat scientists do has never been the aubject
of a seientific, that is an ethological inguiry, It
is no use looking to seientific 'papers', for they
not merely conceal, but actively misrepresent the
reasoning that goes into the work they desoribe, If
scientific papers are to be agcepted for publiecation
they must be written in an inductive style.”

(Medawar 1967).

"There is no such thing as The Scientifiec
Mothod" - as seientific method, that is the
point: there no one rounded art or system of
rules which stands to its sub jectenmatter as
logical syntex stands toweards any particular
instance of reasoning by deduction”, "An art of
discovery is not possible" wrote a former Master
of Trinity; " we cen give no rules for the
pursuit of truth which shall be universally and

applicable.” To meny philosophers
of seience, such an opinion must have seemed
treasonsble, and we can understend thelr unwille
ingnees to accept a Jjudgement which seems to put
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them out of business, The face-saving formula
is that although there 1z indeed a Sclentifiec
Hethod, sclentists observe its rules unconse
ciously and do not understand it in the sense of
being able to put it 4into words,.”

(Medawar 1967),

(Yot studontn ere expected to do so 'suceinetly' in
examinations,)

Thus a situation arises where students are being asked
to understand & met'.od which is not fully accepted by sclentists
in their actual work, Tt is assumed by curriculum makers, that by
using % e scientific method' imeambellished, students are acting
as solentists act when they work, If Vedawar's cvidence is to be
given credence, this 1s not so, Sclentists vhen they work do not
adhere strictly to the sclemtific method, The 'scientifie wethod'
is 'theory' = possibly the only major theory advocated by bilo-
logical currioculum makers and even this is found to de based upon
essumptions which oontrast with evidence +hich cen be obtalned
from the history and philosophy of scionce, This situsticn scems
also to further serve as evidemce for the need to incorporate
‘theory', history and philosophy of science into bioclogical
curriculum formulation,

Students ceannot be solentists merely by becoming
femiliar with end applying am offieic..y outlined 'scientific
methed', 'The scientific method' as outlined in the previocus
quotation serves as no more than a general guide, and must not be
equated with the view that it 1: the sole method of science,

Ausubel attacks this assumption on pedegogical grounds:

"The sclentist is engeged in a full-time
search for new general end applied principies

in his field, The student on the other hand is

primarily engaged in en effort to leam the

seme basic subjeot matter in this field which
the scientist lecarmmed im his student days, end



also to learn samething of the method and
spirit of scientific enquiry, Thus, while it
makes perfectly good sense for the scientist
to work full-time formulating end testing new
hypotheses it is quite indefensible ,,. for
the student to do the same thing ... If he

is ever to discover, he wuat first leam; and
he emnot leamm adequately by nretending he 1s
a Junior scientist: To aocquire facility in
problem solving and scientific method, it is
also unnecessary for leamers to rediscover
every princirle in the syallebus, Since
problem=solving ability is itself transfer-
able at least within a given sublect-mattor
field, facility gained in independently
formulating and applying one generaligation
is transferable to other problems in the same
discipline, Furthermore over-emphasis on
developing problem solving ability would
ultimetely defeat its own ends, Decause of its
time consuming aspeects it would leave students
with insufficient time in which to leam the
content of the discipline; and hence despite
their adeptness at problem solving they would
be unable to solve simple rroblems involving
the arplicaetion of such content,

Under these circumstances, students
would fail to acquire the minimal degree of
sub ject matter sophistieation in a siven
uiscipline that is necessary ror cbstract
intellectual functioning in that discipline,
mach less make original research contributions
to science,”

(Ausubel 1965),
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It bhas been pointed out that present biology places
great importence on ‘practical' biology. The lsboratory apparently
is the place where the enquiry processes are put into prectice -
where students cen sot as scientists,

Laboratory guides, apparently, are written to inculcate

'the sclentific method', Put even cursory investigation of laboratory
guldes does not reveal emphasis upon this supposed most important
method, For example, "Niological Science: Frocesses And Pattema"”
Labo: ~tory Manugl, 1970, hes but one exercise (Exercise 2:1) of
about fifty exercises, specifically concerned with the method as
previcusly cutlined, The type of biology perpetuasted by laboratory
manvels is clalimed to be scientific by the writers, These same
vriters maintain in prefaces mnd introductions, that 'the scientific
method® 48 the only path to truth. Yet the sctual laboretory
exercises presentod to the studente are divorced from 'the scientific
method', Strict obedience to the stepa of each laboratory exercise
is necessary.

Horeawer, this type of biology could be labelled
'obedience' biclogy, 'Obediemce’ biology is important in technical
biology which relies upon pest achie~-ments, Little which is new
will be derived from 'obedience’ biology, Yet it is well documented
(Koestler 1964 ; Stenhouse 1971) that importent sclentific discover-
ies have originated through disobeying generally aceepted rules and
theories, Piologlcal science therefore has disocbedience character-
istioca, Tecmical blology, by comtrast, does not, Yet current
biology advocates through laborastory guldes the latter at the
expense of the former, At introductory levels it would perhaps



need to encourage both aspects, The perpetuation of 'obedience’
biology in biologiecal education will be discussed later under
‘teciniclonm' 4n blology.

Furthormore, leboratory exercises are apt to belebour
the obvicus, and to waste a great deal of valuable teacher and
student time,

"Yet science courses at all academic levels
are traditionally orgeniged so that students weste
many valuasble hours in the laboratory collecting
and menipulating empirical data, which, at very
best help them rediscover or exemplify princirles
that the instructor could present verbally and
demonstrate visually in the matter of minutes.
lilence, although lsboratory work can essily be
Justified on the grounds of giving students some
appreciation of the spirit and methods of scien~
tific inquiry, and of proioting problem solving
analytics, and zeneraliging ab’lity, it is a very
time consuming and inefficient prectice for routime
purposes of teaching subject matter, or of illuse
trating principles, where didactic exposition or
simpleo demonstration are perfectly adequate,”

(~usubel 1365).
iioreover it may hinder students in their eppreciation
end interest in biology:
"The unsophisticated scientific mind is only
confused by the natural complexities of raw

mayatenatilod em: ir!.oal data, and leamns much more
from scher : . s 3 and toll.oung

auln app;-. of scimtﬂo uthotl,
as putt.ing on a white 'lab' coat end doing a T,V,
commercial for "Roll-Aids”,

( Ausubel 1961).
Friedenberg (1961) also notes thafteaching cen portray
unrealistic stereotyping of science end scientists, Laboratory
work may become deadening and formal, Yet it has beem introduced
into courses apparently to reduce 'rote memorisation', The type
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of laboratory investigation presented in current biology is
likely to favour the very process they seek to prevent:
"Problem sclving can be ust as deacening,
Just os formalistic, just as mechenlcal, just as

passive, and just as rote as the worst form of
verbal exposition,”

( Ausubel 13€1),



(a) Emphasis Upon Enquiry Processes
I licit .

Current biological curriculum formulators, in advocating
enquiry processes, also interpret leaming from a behaviouristic
framework. (Mowrer 1960; Koestler 1964). This is Lamarckian in
some of its formulations, It is therefore surprising to observe
that reputable biologists (apparently New Zealand's leading
biological educators) implicitly edopting and advocating Lemarckian
theory, to inculcate anti-Lamarckian subject matter,

Criticism may be directed toward this claim by stating
that behaviouristic principles are now 'dead issues', Tt magy be
regarded as 'flogging a dead horse':

"We are constantly assured that the crudely
mechenistic nineteenth century conceptions in

biology, medicine and psychology are dead, and yet

one constantly comes up against them “mn the

columns of text-books and technical jourmals and in

lecture rooms, Tn all this, Pehaviourist psychology

occupies a strategic key position, Thi:c is the

case, not only in the United States where the

Watson~ull=-Skinner tradition ic still en immensely powerful

and keeps an invisible stranglelold {by negative

reinforcements) on ecademic psychology. Tn England

Behaviourism has ¢ntered into en alliance with
logical positivism and linguistic philosophy."

(Koestler 1967),.

The introductions in two commonly used pu.lications
in Fomm 6 and Form 7 Liology in New Zealand ("Biological Science:
Processes and Patterns 0f Life", Laboratory Manual, end Form VII
Teachers' Guide, "University Bursary/Scholarship Biology",
published by the Department of Education NZ) both maintain a
decidedly behaviour’:tic frame of reference, Behaviourism, on the
contrary, is not a dead issue in current biological education,
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Extensive use of evidence from Plaget (1959) who
received his early education im bioclogy, will be used to show the
Lamarckian cheractericstics of pedagogical emphases currently
perpetucted in “ew 7“ealand blologicel education,

Blological educators, in neglecting theory snd in
emphasising these pedagogical aspects have, it appears, missed
e rolden opportunity., They seem Lo have forgottem that leaming
has es-entially bioclogiecal roots, They have preferred to not make
leaming a biological problem, It is prcbable that this is due to
the present deriding of 'biologicel theory', Thecretiocel biology,
if explored, would probably '.ave revealed to blological educitors
the contributions that blology could make to educstion, This
maor reorientaticn would have coincided with the renewed current
interent in the biological netur:. of man, nd hov he Lehaves,
(Tinbergen 1963, 1963; i'inde 1246; Lovenz 177¢€; Morris 1967, 103;
Pletc er 19G8; Rronfenbrenner 1365; Towlby 171), Surprisingly,
curriculum makers do not seom to be aware of the rescarch findings,
end the methods and rationale (theory) of ethology, as ‘t relates
to loaming in man,.

Fow current biological educators would wish to be
labelled Lamarckisn, The manner of explenation, and the amount
of aettention devoted to Lemarckism in text-books is usually meagre,
indicating that Lamarck's theory is not held In any regard,

Ve trhus arrive at a paradoxical situation, Current
biclogical educators maintain that curricula arc novel and up to
date with the latest biological ideas, They claim to have managed
this with the 'subject-matter' side of biology. Yet, when they deal



with pedagogleal aspects, they implicitly adopt and maintain a
position which wan refuted Ir July, 1858, with the publication
of the Parwiniemn theory, Furthermore, the situation 1s worsened
because current biological education especially 'n prefaces and
introductions of laboratory manuals, places 2 great deal of
significance to the aprpropriate extermal milieu for leamming,
Introductions to courses - 'aims snd objectivea' - malntein that
learning has occurred when the desired repsonses (aims) are seen
to be acyuired, Lecarning in this context 1s a set of responses
which are previcusly determined by the aprropriate external
environnental conditions, These introductions imply this when they
give specific detalls as to the exact types of desired attalinabtle
resronses, A laboratory manual states:
"Unly by exrerience in the lcboratory is

it possible to see what science really is, Mo

matter how mueh you learn about the facts of

solence, you will never guite understand shat

makes science t.e ferce it is in history, or

scientists the kinds of people they s, until

you have participated in such an expericnce,”

("Blological Science: Processes And Fatterns”,

Leboratory Yanugl, 1370 Pages VIT = VITT),
Apparently, the aims which are given in detail, and subsured
under enquiry processes, cen be 'stamped in' during lessons and
laboratory sessioms, This assumes that the Stuiente are organisms
who are passive receivers of stimuli from the extemal emnviron-
ment, This particular essumption is behaviocuristic, Copies of
extemal reality are tasken in, A stimulus is applied to engender
an appropriate response, It is the stémulus (the extemal environ=
ment) which is import mt, Tt must have certain properties to
elicit an eppropriate response, Apparently the 'aims and object-
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ives' supplied in these publications are sufficient and adequate
responses, The behaviouristic approaches to cducstion ere oute
lined in ~any curvent educ-tional texts, and in Hull (1143),
Skinner (1957), FKoestler (1964, 1767), end Fletoher (1968), The
position which incoyporates behavicur':m as being the only means
toc learning is sometimes labelled 'learning theory' (Voestler
19643 Yowrer 1960),

By contrast the subjoct matter of ethology has shown
that leoarming is an activity which has endogenous oripins,
{Thorpe 1963; Koectler 1764; Fletcner 1778), That 's, an organism
Yeagts to rn environment, OUrganisms arc not rassive receivers of
stimuli, Insight ic involved, 'Leaming thsory' doec not appear
to accept endopenous origins, Tt prefers to stress the importance

of the external conditions as a pre-recuisite for learning,

Piaget end 'nlielder (Koentler 1J6)) Lave cutlined this
position as ollows:

"Empiriciom has engendored many different ideas
from the nalve coneerts of knowledge #s & copy of
reality, to tho more refined fomms of 'functiumal
copy' {Hu‘u'a behaviourism) to logleal positivien
which aims at reducing knowledge exclusively to
physical experience end to language. If we look for
comnon factors in thna divam appmaﬂus we ﬁ.nﬂ

omp
can be rdnaol to its observable foatum. and that
knowledge must limit itself to transeribing these
features,”



Current biological curricula seem to0 assume that if
the right external conditions are supplied, them what is learnmed
will be an exact {end correct) copy of extermmal reality., Piaget
and Tnhelder continue:

" = such a concept mee: with three
fundamental difficulties, Diologists have shown
that the relationship between an orgenism and its
environment ..., is cne of gonstant interaction.
The view tha 0 i boite gl
the nfluence of its environment has begome
untenable, 'ow then csn men as a 'knower' be
simply a faithful rocorder of .utside events?
In the second place among fields of human
knowledge ind endeavour, mathemeatics for one,
clearly escapes from the constraints of outer
reality, This diseipline deals espentially
with uncbservable features, and with cognitive
constructions in the :iteral sense of the word,
Thirdly, men acts on, ~nd modifies reallty, he
obta’ns by transfomming ~i1s world, deeper
understonding than reproductions or corles of
raality couldrever provide ... "

" wee Lhe exact cownterpart of behav-louris§
Qg.iﬂgigg in bigoﬂgg theory 18 a do

1 by biole 1:3!':10

oa_;_uﬂ it _was mg in what it meaintained,

but beceuse it ismoved all that has ‘a8 81nce .
t1 £0 e ing of the relati

« Soon after iim- had aousht the
explenation of the phenomens of the mind, in the
mechanisms of habit end association, Lamarck too,
saw the key to the morphogeneticel variations of
the orgenism and of organ-formation in the habites
adopted under the influence of the envircnment,
Admittedly, he was also speaking of a fagtor of
orgenigation, but he thought of it es a capability
of essocliation, not of composition, and the
essential aspooct of the acquisktions was for him
the way in which 1living beings rectived, in
modifying their habits, the imprint of the
extemal milieu,” ...

"But Lamarck's theory lacks the basic
principles of an endogenocus possibility of mutation
and recombination, snd ebove all those of an active
capacity for self-regulation, "hen Vaddington or
Dobzansky teday put forward the as a
"response’ of the gemetic pool to ronmental
‘incitements' this response does not meen that the



organism has simpiy been marked by en external
but that there has been interaction in
the full sense of the temm i.,e, that as a
rosult of a tension or imbalance provoked by
environmental chenges, the organism has invented
en original solution by mesns of recombinations,
resulting in a new equilibrium, Thus when we
compare tiis ooncept of 'reaponao' to that used
80 long by behaviourism in if:¢ famous stimuluse
response schema (S-R) ve are amased to find that
the behaviourist psychologists have retained a
strictly Lamarckian outlook, as if they had
ipnored the contemrorary biologleal revolution,

In the exclusively Lemarckian context of
behavi urist theory, the response is simply a
sort of 'functional cupy' (Hull) of the stimuli
in their perticular succession, Consequently,
the fundementel process of acgulsition of know-
ledge is oconsidered & leaming process in the
em;iricist sonse of cbtaining imformation through
cbservation of the environment, If this were true, :
mental development as o vhole would then be
thought of as the result of an uninterrupted
series of bits of leaming in the abovementioned
sense, 'f, on the contrary, ile basic point of
giving certain responses i,e, the 'competence’,
learning would not be the same at dif erent
development levels, and vould depend essentielly
upon the evolution of 'competencat, "ho true
problem would then be to explain thelr develop-
ment, and for this the concept of leaming ‘n the
classical sense of t.hetem would be maioquate.

[ L ] = S0 i Inciples

fmamrl:n olmgo psologioal inter-
pretation of mental development,”

(rieget end Inhelder in
Koestler 1969),

Biological curricula seem to portray two assuuptions
which are important in this respect, The points subsumed under
'aims and objectives','recall’, 'use of enqulry processes', 'use
of practical techniques', 'interpreting data', all seem to be
presented in a memner which is apparently obviocus end 'pure’,
and can be immediately stamped into the cognitive apparatus,
Secondly, the position which assumes 'pure' experience is well
exemplified with laeboratory exercises, The culmination of the



exercises usually involves n» simple observation of colour changes
of obvious movements, ((bservation has been cut dowmn %o a level
vhere all who have basio senaibilities can observe.) /prarently
this paring away of complexity allows for sxect copies (colour
changes, movement) o be tsken in a8 stimull which ere coupletely
‘unbiacsed' and hence 'truthful', Kedewar (17€7) notes that
observation is not unblogsed, Tinbergen (172) uleo notes tiis,

Yet curriculum makers ascept the Lacmarckian view that
‘exact corles of mality' are talken as functional coples, That
is, presentation of aims end ob'ectives, "cbedience' biolugy
and lsboratory monuals advooate those aspects of extemel roality
whieh om be simplified «nd then 'stanped into' the studonts, es
though extemal rcalities cer be intemaslisad as corles,

“liy 4o biology curricuium mskers implicitly accept thils
wemarckian position” Femiliarity wit! biologie 1 theory, especially
etholorical theory, readlly evallable to biologists, (sore =mutlors
have slrcady beem outlined hes not been regarded es significant,
T™h' s seems to be in keeping with a general downgrading of tieory
in biology., Tf the curriculum n:kers accepted ¢ cory, they would
not huave placed thesselves in this embarrassing situation,
Noreover, if they had acknowledged ethological theory, they would
probably have been sble to make msjor gontributions to educ tion
as a whole, through giving leaming a biologigal basis, /notead,
they have acoepted behaviourisie assumptions end epplied these
to biological edusetion,

In conclusion, it is oven more surprising to find dio-
loglcal educators ascepting a Lamercician position, by sdvooating
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certain alms and objectives, end then maintaining that the latter
are a ‘novel' feature of & new curriculum:
"The Inclusion of a preamble setting

out aims and objectives of the course is

probably tho most powel feature of the

presoription,”

{Porm VIT Teachera' Guide, 1371, Page 1,)

The proasble oclalmed to be novel, 4o advooating e

poeition refuted in 1859,



Bssential Feature VI - The Downgreding 0f Botemy In_
Biological Edugation.

Tn an article entitled 'Is Botany Dead?' (Hature
Vole. 220, Page 521) the view was expressed that botany wes a
declining subject, The article, which elicited a great deal of
later discussion asbout the state of botanical education and
research, had an anonymous suthor, probably because of the
controversial nature of the torie, Rerutable botenists in the
United Kingdom sew fit to reply to the claime mede, {Frian 1968;
Harper 1968; "hittinghem 1962; Yerkham 1969,

Brian (1767) hes attempted to drew threads of the
discussion together: (Coneclusions which were lesa related to
botanical education have not been included).

"(a) "he numbers of students studying botany
in universities st undergraduate and
graduste levels are too few and perhaps of too
low quality, ‘ost science students and partic-
ularly most of the best ones being chamnelled

into physical sciences,

(b) Thore is an unsatisfied need for botanisis

with considerable physicel krowledge to work
on problems of physiology of ghole plents ond
erops, Such work requires a degree of instru-
mental sophistication and pregress is inevitably
slow, taking years where more purely leboratory
work takes weeks; ...

(e) The tendenay to bring university departments

oconcerned with individual biclogical soiences
together into bilological schools, or in the newer
universities to set up schools or departments of
biology from the berinning, thoush edusationally
Justifisble, could work to the disadvantage of
the plant sciences,

(d) A tendency to separste basic from applied
botanical studies in the universities has
helped to foster the idea that botanical studies

have little relation to human needs,
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(o) The small sise of & university department

is a seriocus disadventage since the
necessary stimulus to real intellectual interest
in biology c¢an only he achieved where there is
a research group of some 81260 ...

(@) The image of boteny emong the public end the

profession, is so poor thet nany engaged in
research on plant problems profer to avold eny
sugge-tion that they are botanists,”

(nrien 1969).

There is no reason to believe that the situation is
any different in Mew "ealand botanical research mnd educstion,
The numbers of students studying botany ut graduste ofid undere
graduate levels 1s =small, These numbers arc reflocted by the
relatively small staffs in botany departments in Universities,
(Perusal of current University Calendars confirms this for
New Zéalend,)

Secondly, Irian nites that at prescnt molecular
botany is receiving a fair amount of attention, 7ris type of
botany has stimulated interest st cellular and subcollular
levels, But the physiology of the wi.ole rlant is being neglected,

"The impact of the theoretical &pproach
of 'molecul:r biology' has immensely stimulated
interest in blochemicel processes st cellular
and subcellular levels, These very successes have
drawn moany workers into the field, and they
continue to attract the brighter atudents, with
the consequence that plant physiology is becoming
progressively more biochemical in its outloock =nd
more concentrated upon events wit the plant
cell, so that the physiclogy the wiole plant is
relatively neglected as Engledow has said, I do
not want to hinder the development of cell bioc-
chenistry except insofar as 'mere fashion' is

ible; T do want to point out an

It is unfortunate that this particuler
aspect of plant physiology should be relatively
unpopular, because physi._oglesl studies of the
whole plant in relation to its physical, chemical
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and biological environment are essential

if we are to be able to understand the relevance
of our new knoviedge of cell processes to the
whole organism in its natural growing conditions.
They are essential because it is at this level
that new physioclogical knowledge can be applied
in agricultural practice, Such application need
not be direct: plant breeders are increasingly
selecting for physiological characteristics, and
those characteristies that determine crop plant
performance can only be defined in terms of
whole plant physiology; plant pathology is
becoming more physiological, and comparative
studies of healthy and diseased plants at the
whole plant or crop level should be most
rewarding,"

(Brien 1969).
Zuck (1964) also puts the case strongly against the
over-emphasis upon moleculer bofeny:

"This is an age dominated by too much
preoccupation with the physical sciences so
far as thinking about and experimenting with
plants is coneerned, Although there is no
American Lysenko, there is a kind of thinking
being foisted on the plant sciences which tends
to put non-edherents of this new orthodoxy as
beyond the pale of serious scientific endeavour;
whereas, in reelity, the kind of blind zeal of
the neorthodoxy only reveals profound ignorance
of many of the well known facts of life, It is
e dominance which is being encouraged by the
channelling of large sums of money to those
institutions with:- increasing numbers of these
zealous adherents and apostles,"

(Zuck 1964),

In reference to Brian's third point; perusal of present
New Zealand University Calendars shows that first year courses in
biology as opposed to botany and zoology are common, There also
appears to be a tendency in New Zesland to separate "basic'
research from 'applied' botanical research, Finally in reference
to the image of botany in New Zealand, it seems that it is
regarded as a course for females, The image for botany therefore

is probably very little different from that in the United Kingdom,
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Some implications of the general downgrading of boteny
in biology can be noted for secondary education in New Zealand,

Pirstly, teacher gualififations in botany, Usborme
(1973) outlines the case for physics education in Vew Zealand,
He notes:

"A sustalined shortage of physios teachers

must eventually result in a low standard of

physics achievement in schools, a lowering of

the nuaber of gradustes produced amnd a further

deterioration of teachers' qualifiocatiocns,”

(0sborme 1373).

Csborme is in fact explaining an othogeniec situation
which beocomes progressively worse, with each new generation of
poorly gualified teachers detrimentally affecting the subject
which they teach, The same pattern ocould be used for generally
low ecteem held for botany in Mew "ealand biological education,
The very s 11 sizes of botany departments at Tniversity could
be taken o8 en Indication of a genersl lack of interest in the
botanical aspects of secondary school biology.

Osbome in his comprehensive study also supplies data
for first degree gradustes from Secondary Teachers' College for
the years 1967 to 1971, The graeduates are called 'biology'
graduates, But unlike most other sciences, a "biology' graduate
can hold any of a number of majors within the gualification, These
are not noted by Osborne. (Nor are they expected to be in his
particular study,) A biology greduate can hold any one of the
following first degrees:

(a) A B,Se. in zoology.

(b) A B.,Se, in oteny.

(e) A B.Se, in biochemis:iy,
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(@) A B.Ses in geology.

(e) A BV,Se.

(f) Jr& Bnhstsoi

(8) A R,Hort Se.

All of these above qualifiocstions are accepted as being
*biclogical' in biologloal education,

This wide spectrum of a variety of basic and cpplied
gqualifications, if balanced, could be a noble characteristie for
current seccndary biological education, "owever this 1o probably
not the case, Tt is enticipated ti.at teschers holding gqualifications
in goology =re likely to predoninate over all of the others, This
iz reflected through the p esence of large szoology Departments in
Universities in Yew Zeceland, Thnfe cen lead to the development of
courses md syllebuses highly orientated to tho gzoological aside of
biology. An imbelance it seems, 1s occurring. Doteny 1s 'losing
out' esgalnst soology, Brian (1369) expresses !:i: concem:

" ,es tho section of the publio that we botenists
most need to a peal to is the younger generation -
school ohildren md first ye:r university students,
Once we get real competition for emtry to our
honours courses, once we get a real demand from
students for expansion of our laboratories, we
shall know we are winning the battle,

Ve have to decide whetier we approach these
young pecple as botanists or as a particular
brand of biologist, I believe strongly in the
unity of bdiology (Brimm 1962), To my mind eny
move toward separastion would prove fatal, Children
at school must be teught biology, not botany or

mlmgrnuntuwmmapm&nm
mmmmuw YWhet we 40 need




vees there are forces that keep tertiary
botany to small population sises which are
more irrational, T was once invit-d to help
aeppoint a head of biology department at a large
college of education, Before the interviews, 7
was told thet they would not normally appoint
a botanist, as he would be toc narrow in know-
ledge and outlook, but a zoologist would be
excellent, Tris kind of attitude in a college
of educstion cen lead to its arpearance at
school level, Indeed I suspect far more zoo=-
logists than botanists are employed as school
biology teachers, 4And this can influence
students coning to University, end even those
appointing leads of university biology depart-
ments, It oan lead to plant studies being
neglected in such departments, "e must fight
such attitudes, again not mailrly because they
are unfair to botanists (though they are) but
becruse they are bad for biology."”

(nrien 1969)

Furthernore current textebook writers are usually
goologists (" eisg 1267; Xeeton 1967; Terrill 1)67). “yllabuses
seen 10 be heavi yorientated to soology {cee “orm VIT Teachers'
Guide 1970), fence, botany in biology ecurses is not glven a
great emphasis, Curront introductory biology enphasises unifi-
cation of botany with goology but the rrocess seems to have
been an imbalanced one, =and ~oology has proveiled,

“oreover, botanical topies, if they are discussed, are
usually at ocellular and subcellular levels, dealing with detailed
chemical wmechanisms, for example 'the biochemistry of photosyn-
thesis', Little attempt is made to develop the ccology, and whole
plent, or erop physiology, Yet it 4s in these areas thet urgent
sttention must be given, Crop research involving 'whole plant
physiclogy' for food production, end conservation are both
problems which must be successfully deelt with in the very near
future, Future food production is crucial,

Brian emphasises that in researchi
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"physiological studies of the whole plant
in reletion to its physical, chemical, and
biological environment are essential if we
are able to understand the relevance of our
new knowledge of cell processes to the whole
organism in its netural growing conditions,
They ore essential because it is at this
level that new physiological knowledge oan
be applied in agricultural practice,”

(orien 1969).

“hat con biological education atteupt to do to
rectify the downward trend and generally low status of botany?
Une strategy being emphasised in this thesis, is to deal with
the problem by upgrading theory in elementary biology. A plant
interacts with its environment, 't has morplhological end more
subtle rhysiologieal feoatures which allow it to live in its
environment, Once this is noted, then theory and theoretical
phenonena such as 'adaptation' end 'survival value' ere 1med-
iately importent. Piological education co.ld introduce theory in
botany as well as for zoology. l'arwin recognised th'n with his
own plent studies, '@ based his observationa snd experinments
around evolutionary theory:

“To him the _rehid work, - wiich on more

than one occasion he referred to as the most

interesting of his life - provided Lim with

one of the finest of all test cases for the

theory of adaptive evolution, e saw in it a

clear demonstration that when an end as oig-

nificant as he believed cross fertilisgation

to be was to be attained, the simple basie

ground plen of the mono=cotledonous flower

could become modified in the course of evo-

dution to produge mechanisms transcending

"in an incouparable manner the contrivances

end adeptations which the most fertile

imagination of men could invent”, The moti-~

vation for these modifications was of course

natural selection,”

(Heslopeiiarrison 1958),

Evolutionary theory is also inexorably intertwined with
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botany, Thus a general development of theory in blological
education would probably serve to also prevent botany from being
swamped by goology. The importance of theory in botany is equslly
as important as for biology generally:

"Arising from the evolutionary view was
Darwin's constant ettempt to weleh all i 1s
observations of structure and function in terms
of phylogenetic relaticnships, This procedure
carried to an illogical extreme in some bio=
logical fields, has lapsed, or been unconsciously
rejected in others, Tt is possible for a system-
etist or morphologist who is blind entirely to
the implications of evolution when dealing with
lower levels of orgenic variation, to be dogmatic
sbout suprosed evolutionary arrangements of
iigher systematic categories and, on the other,
for an analytiocally 5 inded physioclogist so to
socorn phylogenti~al speculation which he regards
as unfounded and incepable cf rigorous test,
that k'  Jeets a mode of thought not necessarily
without value in a;nrlication to his own caterial,
There 18 & lesson for both in the spirit - cauticms
yet enterprising, speculative yet reasoned = in
which Darwin used the evolutionary hypothesis the
most important generalization of “iology, in his
own botanical rescarches,”

(‘leslop=Harrison 1958).

Finally, it is popularly thought that boteny is no
more ti.an a mere catalopguing and naming of srecies, yet Darwin
hinself did not accept botany in this way, 'n faot he could be
regarded as the rrogenitor of plant physiology. Yet, et present
a great deal of the meagre amount of boteny in secondary school
biological education seems to have forgotten its origins, when
it ettempts to be non theopetical:

"The work of Darwin's later years has given

him a position in botany which he never attalned

in soology, that of a progenitor of a line of

regearch of a purely physiological nature ...

Amongst botanists, Darwin's later work on plant

movements had a special impact on plant physi-
ologists whose concemm with his evolutionary
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ergument was slight indeed, Through a
distinguished line of personalities, Darwin's
work on plant movements may be linked with
present-day eotivity in the fleld of tropie
responses, one outcome of which hes been the
discovery of plent growth hormones ,.. Vhiilst
historical connections like that just menticned
may be distingulshed linking Darwin's exporie
mental botanicel research with that of today,
it gennot be 5 1d that the Darwinlep philos-
ophy or node of reasoning is varticularly

(tieslop=tiarrison 1958).
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Essentlal Posture VII - Educational Precosiousness.

A current trend in biology seems fo be to push highly
sophisticeted princirles and technijues furtior and furtier down
the educ~tional levels, Vhat was once taught to second year
200logy students a fev years ago, may now be found deing taught
to fourth fomm pupils a3 part of their science course, "ndeed it
seems that to attempt to inculeste complex principles to younger
end younger students 1s en educsrtionel virtue, to be looked upon
with favour in current educ=tion, De Beer (1)fJ) attacks this
notion on the grounds of bioclogieal principles, Tirstly, lLe
emphasises that this eduecstional strategy engenders educstional
precociocusness acnong studonts, These students lack an appreeciation
of a wide variety of subject areas, fle contrasts thie educational
strategy with the biologicul principle important to human beings -
'delayed develoyment', “econdly, he implies the biologleal
principle of the 'eritical pericds' hypothesis 'Scott 1362; Towlby
1971)s (Tt seems thet children are more sensitive to learning
ceriain concepts and language at one stage and not at other stages
of development.) Furthermore, if a child ~isses a oritical pericd,
it will be to his detriment:

""he second great mistoke was to go on

the prineiple that as more and more is discovered,

more and more must be taught, This inevitably

leads to 2 premium on precociousness, for as eco=-

nomie yeasons 1imit the time during which a

student can be kept at university, time is borrowed,

or rather mortgaged, at the other, earlier end of

curriculum, and specialisation is pressed back

into the schools, Advanced subjects are introduced
prematurely at the expense of more general subjects,
and worse still, the competitive nature of examine
ations for scholership confers en adventege on the
precocious which is the exact opposite of one of the
most important processes responsible for the
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evolution of men: delayed development ...
Besides this, subjects introduced prematurely
are only imperfectly eppreciated, end at the
expense of more basic subjeots which are
increasingly diffiocult to acquire at later
ages, Mathemstics and modern languages do

not come 80 easily to students after they
have spent so much precious young time with
tent-tubes ond dissecting dishesn.”

(pe Beer 1969),
Current biological educators, in neglecting two

biological princirles outlined above by De Beer, may be promoting
a 'drift' from biology through encouraging educational precocious-
ness, ‘‘oreover, the situation 1s made worse when this encourage=-
ment 1s glven officlal favour, It would seem that if biological
educators appealed to biological theory they may have a great
deal to contribute to many areas in education:

™iith the progress of science during the
last halfecontury, the situstion has really
become easier Lo cope with, without enyone's
noticing it, not in spite of the progress, but
bocause of it, Sir Peter 'iedawar has reminded
ua that whereas in the early decades of this
century, the different branches of science were
in chaos, the discoveries that have since been
made throw light on general principles of
inoreasing bruﬂth whioh requlre for their
tomm ) 3 8l .l BCE 2 mr lesd

W_M "'0__&1&

« In biology at any
rate it is all so much more tidy that there 1s
no Justification for the precocity scramble ...

The situation has also become o asier
because of the increasing realisation of a
great truth of which sight should never have
‘been lost: the mental processes invelved in
observation, verification, end use of imagin-
ation in producing ideas are fundamentally
the same in poets, essayists, artists,
musiciens, end scientists, This is why the
notion of 'Two Cultures' is exaggerated,"”

(De Beer 1969).
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" eee there have been only two great
theories in the lListory of biology that went
more Shen a s’ngle stop beyond the 1mmediate
interprotation of exporimental results; those
were organic evolution, and the "contral
dogma',"

(Stent 1268).

Stent (1)65) asoumes that both the 'ocntral dogma' mnd
the theory of evolution be givem equsl status, Current blology
by ocontrast, secms to lmply that the former prevelils over the
latte:,

Some preliminary discussion ssems necessary, Firstly,
‘tent ceems to assume that the thipg organiec evolution is the
seme es the theory of evolution. The two are differont, “he
thoary of evolution is sn sbestraction = & scionti ‘o '1dea game'
as outlined by '‘emson [1771), Crganlc evoiution on the other hand
is on aoccumulcotion of ovidence shich, whon scen through the *lens'
of theory, comes into focus as 'fact', tent seems to assume that
the theory 1o the some a- the gvidenge for evolution:

""he fact that 1t i1s proper to spesk of a
'theory' of evolution does not meen of course

that the phenomena called 'evolutionary' have
not occurred, and do not continue to ococur
"l..- .. . !.I. S LA 1 . Y P 2 . - | A
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xrla by Yeny in noes of speciat on, ex-
tinetion, end population changes took place
iong before it was possibdble to offer anything
1like on sfeguate account of then, Horeovep, evoe
lutionary chenge is a process that has left en
historical record, which is the task of evo-
lutionary theory to and gxplain,
There is a sense, then mtmmw
of evolution is separete from the theory
evolution,”
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Consideretion seems also to be necessary not “aly in
the historiesl asrvects of science, but also the philosophical
aspects, A thecry is a logloslly oconsistent ebstraction, Tt would
appear thet loglc anl theory are inexorably intertwined, Murther-
moroe !¢ would sees tha. discoveries have to be mvliated ‘nm some wa .
to theory for thex= to be counted es "faoct', This rela ionship 18
femmulated through loglonl ateps, The process of the focussing of
the lens of theory is doterwined by the general methodology of
science {Rudner 1967), Tnus it would a pear that theory and metho-
dology ore buth significant to biology,

Secondly, snd si:llerly, a 4distinotion must alsc bo nade
between the centrsl dogma as gn eatity, and the 'central dogme' as
dogma, Crick coined the term ‘central dogma' in 1053, Tinee that
time it has generzlly been uneriticslly sccept-d /_ommoner 1367,
is an exoertion). Tt seens Lhorefore that the thing, the central
dogma, han taken on the characteristics of e term dogma:

“Certalinly there is _ ood experi atal

avidence to auprort the notion that 0,'7,, does

influence the hereditary characteristics of

living cells in vhieh it coours, fut the question

wihich relates to the basis of theoretical issue

is whet er D,%, A, represents a self contained

code that by itself deteruines whother the

organism is a turtle or a tiger,

Tuech a conclusion is not based upon an
experimental fact, but on dogma, If you ere

by my use of the word let me hasten to
add thet 1t 15 not own, The $omn 'central

E

tance. Tt was introduced into the selentific
literature « prodbably for the first time since
the Middle Ages - by proponents of the D.,N,A,
thecry, You will find in the index of &
mﬁﬂ#.“mlﬂﬂmmiﬂ

:
!
g
:
I
j
i
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makes the following remarkable statement:
"The reason we oall this ‘dogma' 4s thet
it deponds upon personal bias, not logle,”
Shades of Galileo.”

{Commoner 13€3).

“he Peachers' Culde for “orm “even blology published by
tho New "ealand ! epartment of “ducaston 1771, outlines it as
foliows:

Struetural “lemonts
Tallahe —=2  WTlsAa s—DFrotein ___Z_-, fngynes
Rochenical ! rocostes

Tt 48 a sct of transfer relationshipe between conpounds,
woere U,M,0, i the detoraining ftom: lata,

Crick 1772) outlines the thing "ontral dosma' in a
naner whioch showa [ ow 1t hes dovelored and been modif'led in Lhe

intervening yenrs:

/7 r Ne a.
It oconsists of poasiblo trensfer nmmuhipa betweoen the three
femilies of polymers, Each arrow represents the directional flow
of sequence information, Ve can TopgEre triz diagram a8 "the
contral dcoma' as esteblished in 1958,
The asbove diagrem represents all possibilities for

directional flow of information, However, later it was found that
some trensfers seem to de impossible,
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The ‘oentral dogma' has beon glven a tentative format today,
and is represented thus:

o

D N.Ae The solld arrowe show
i ¢ gonoral transfers, "he
P \ dotted arrows show speolal
transfors, The cbsent
% TR oyt
n - ers avpec ¥
h.?‘.A’ ________*fm.‘!n .m!’l dﬂw..

(After Crick 1970)

Crick explains the oontext of the formulation of the 'central
dogna’ in the following way:
"ho 'contral dogma' wos put forwerd at

a period wion much of what we know in molecular

genetios was not established, 411l we Lad were

certain fragmentary expcerimentol rosults, emd a

boundless coptinmism that the coneerts involved

were raticr simple and probably much the some

in all living things, 'n suoct & situation, well

oonstructed theories can rlay o usofMil purt In

stating rroblems cle-rly, mnd thus gulding

oxrepimont "

{Crick 170,

7t om be noted that the ‘coniral dogma’ was no wmore
than a tentative, but falrly concise and clear-cut model, This
model could then determine possibilities for furtier rescarch,

Further it is interesting to cbserve that the 'oaniral
dogna’ as originally fommulated in 1958 1s a good example of what
Seheffler (1960) calls a 'programmatic definition®:

"A programmatic definition Is WOFal In
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education as a "profession' may be a way of
advoceting that educators be glven more
privileged treatment,”

The ‘oentral cogme' does not communicaete & preet denl
of information, It does embody a plem of acticn which poeks to
elucidate 10ssible transfer relationsi:ips, The plon of asotlion is
already determined, ‘nalytical descriptive teciniques nre more
or leaslegisleted by the model as outlined,

‘'owever @d more importamtly, the 'contral dogne' in
being  proprermatic def'inition has slso & *morel' purpose, 7t
proposes that the thing the ‘central dogma'’, must also be
aocerted es a "dogma', It has bean allowed to toke on the cl:arace
teristios of the tepn 'dogma'. 7f biology ‘s governed by a daofinritlion
having 'dogma’ charactoristice, then & acionce 1o in danger of not
being a sclentif'ic esctivity, "iology could be trunefdrmed into
biologlenm®, (Prenkl 13€)),

confirmation that the 'contral dogma' 1o asocepted aa
dogma has been noted by Comaoner when he reports diffioulty in
getting material published whiei. is highly eoritical of the temm,
(Jew Sclentist. Vol, 50, No, 146, April 8, 1371, Fage 103,

In biologloal educetion, it eppears therefore that the
‘oentral dogna' 1s accepted in both senses, Since 1958 a few
=iner ohanges in the 'eentral dogma' (es a thing) have ocourred,
The original model remains, Yoreover, through popularisation,
rexiniscont of the ‘smashing of atoms' attributed to Rutherford,
the ‘central dogna' is held to be the ‘code, or language of life’.
Tt hes taken on the characteristiocs of a dogme, but students and
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oduostors seem to ascoept its sthority,

The dopma promulented by Cr'ck as a working model,
seems to be »erpetusted by dislogical educators and cormentators
as an apparent "fact', For example, the following 18 a guestion
given in an nationel exemination in 1972:

® "The Centrel logma' of cell biology as it
is called, ip the stetement of cause and effect
that linke D,N,A. to the finished protein mole-
ocule, A vast amount of scientific effort has been
expended on disoovering the steps that culminate
in the synthesis of protein, Yost of the experi-
wental work has bLeen carried out ¢n dacteria and
viruses, "esoribe the namer in which 1t is
thought that protein is formed, and dlscuss whetier
thie knowleds= is important in understanding bio-
logiecal proceszes of, say, mamwals,”

{University Seholevshlp ,uestion 17720,
The acceptance of the dogma es a thlng, 1o attacked:

" inoe they (the reductivists. declare the
processe o t of heredity have been shown to
be detern'ned by a seguence of ,Y,’, molecules,
biology hime mlroady been reduced on ;rincirle to
bioclenistyy; t'e completion of thic Jjob is routine,
Cranted howover that D,7,4. hes prec' 1y the power
they (the reduotivists) olalm for it, its overation
domonctrates, on the contrary, that tlology 4s not
reducivle to blochemistry {and ultinstely to physics).
What makes L.i,7, 40 1ts work is not 1ts chemistyy,

but 4@ orior of beges AlODRLLS Lalea IS0 TE '8
the oxior which funotions asthe code to be read out
by the developing orsenism, The lews of physies and
chemistry hold, as reductivists rightly insist,
universally; they are entirely unaffected by the
particular 1im ear sequence that ciaracterises the
triplet code. jny order is possible plysieo=
chemically; therefore physics and chemlstry cannot
specify mhigh order will in fact sucoeed in funce
tioning as & code, T™is argument whioch appears
Aoontrovertibtie wan stated by ¥iehsel Folanyd in
"Solenoce” 1968,"

{(Grene 1971).
The notion of simplicity edvocsted by the ‘eentral

dogna’ seems $00 d4fficult So mocept, Grens attacks the motion of
sisplielty on Jogieal erounds, Comsoner (1963) eriticlecs the
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apparent simpliolty om the grounds of ‘informetion theory'.

*1e Jrganisms which must d4ffer considercbly
in the'r genetlo complexity often have

sintlar G0, contents, and tlere 13 no evidence
that the disorepmnqy cmn be accounted for by
differonces n genetic redundangy or inertness

of some chromesome ssctione, Conversely, orgenisms
vhish are noarly i1dentical in genetic omplexity
nay differ cunsidarsbly in cellular ©,7,'. omtent,
The svailable evidence doen not suprort t.o idea
of a mmo to one correspondence batween genotic
information and the Information repres nted in the
structure of D N,A., or for that natter, any other
molecular componant of the cell,

2, o gytologist has dlsmowred a ublgultous

structure, considerably larger then chromo=-
somen, {the code librapy) which sihows evidonce of
serving 2o a translator, 'nile recent blochemical
ovidenge suggasts possible moans vheredy D V,.i.e
bome information may dbe translated into generally
offactive protein apecifity, thers i1a #till no
s8ign of a device capable of translating “he " .M.l
oode ‘nto the numercus snatomical featurcs [fingere
prints for examrle) that sre also inherited,

Tius a stiiot analysie of the problem of
Inlworitance in agrordance with modeyn Infomaticn
theg lealds to tie romarkable rosult Liat the
organlom’s speclfity muet be detorulned, abt least
in part, by agencies not 'n the initial germ ocell,
end mma:.ﬂly s n :lﬁ ¥ .N.'. azm. llﬂﬂﬂ&at‘
points out tLls view, whieh can be derlved {r.m
nodern piysioal theory, is identical vwith a
principle alrcady well esteblished in biology -
epigenisin,”

(Comacner 143,
Recently, the working mocdel has also come under attack:
In en article entitled "Diology's Centrol Vogms Tummed Topay
Turvy” the editors of the ligw Sclentist (June 25, 1970) report

"The central dogma, first formulated in the
given that name by Frencis Crick
that ormation {. a living cell flows in
ono direction ondf: from D,M,A, to R,H.A, tO
protein, As the veceptacle of the cells inform-
ation, P,¥,A, ensures its continuance by replice
ing itself at every cell &ivision, In order to

1]
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express the informution, it holds, the D,N,A,
agts as a template for the syntheais of
mossenger X,N,A, which in tum directs the
eynthesis of the appropriate protein, The
central dogna 1o thus expreszed

DA, — D BJLA, —> Troteln

It is no exagperation to asy that the
contral dogma has been the backbone of molecular
biology. ‘nd althugh a few people = notably
that arch soeptic Darry Comooner - have
1ts contention that protein cannot effect the
information content of R,0,A,, and “,",A, that of
Tellehay vory fom people have taken tho cuallenges
soriously. .. in about 1965, a Liochemist by the
neme of Dr, M, Temin {now at ¥ isconsin Univers=
ity) claimed to have discovored, within a eell
invaded by an ",W.A, virus, a stretoh of'.'. -
that matohed the 7siral F,T.A. The
1o that the 4,1,A, acte M&ﬁmlﬂ“f%ﬁ‘xn ‘o lie
8y thesis ip direct coptravon he gontrs
domma. ilis rosults were dis~igsed e ormm

?zmver. in 1‘370. et a Yoyal oclely meting,
Profeszor S0l Splegelman "blew up molecular
blology's most cherished belief, n a few words
and a rarid sucoesnin of slldes 'plegelman
rerorted exporicents done a fow d:iys carlier

in his laboratory ... w.ich ¢learly demonstrated
a violetion- of the central dogna.”

, Pdltorial, ~une 25,1770).

"urtter evidonce for doubting the purported:yimpliocity
of the 'central dogma' can be cited from the Jlow ' clentist, Vay
197C, 'n an article entitled "NDoubds ‘bout ow [,H,A, 78 Copied®,
it states as follows:

belisves hip enzyme sise repliiestes D,N.4, in
fut now Zomberg's ensyme is the emtre of



13,

perfectly well, This work represenis a

formidable arpument againat 7,%,%, polymerese

being the U,%,4, replicating ensyme and in

favour of fulfilling a repalring role,”

(Chedd 1370),

Criok maintains that the great strongth of the
‘central dogma' is its gimplieclity =nd its yniyorsiality, This
contrasts with evolutionary theory wiich accepts the obvicus
comrlexity and divorsity of living orpenisms, “tent '1968) seeus
to give equality to both ewvolutionary theory end the 'emn’ ral
dosma' .

Tut current bioclogioal education appaorently ado; te
tho viow tha the 'ormtrel dogra' prevalls over organie evolution
end evoiutionary theory, If this situation !8 aiopted, then the
nany consuries devoted to ‘preedogmat Llology ave of little account,
and con now be safely rejected in favour of ner molecular biclogy,.
“his would de a 41f“icuit p.sition to malintea’n, "ot all ‘pre-
dogma' theorising has boen oast out in biolory, 'n 8y 'te of tle
‘oon ral dogma',

Secondly, ti.c central dogma is siwple and restrizdive,
Tt deals with three major types of compounds, 'nd nine possible
transfer relationahips, On the surface, it would sppear that just
as Tinstein's equation condensed a great deal of diverse informe
ation for physics, the 'eecntral dogma' has sinilarly carried out
4his function for blology. NMowewer, thouff: the 'centrel dogma'
has apparently derived & universal pattemrn to orgenisms, not all
orgenisms are exactly idemtical, This lack of uniformity has to
be acoounted for, The acceptable theory which acoounts for this
1s evelutionary theory, Thus evelutionary theory 1o more compre-
bensive than the ‘central dogma’, Moreover the cluocidation of
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the ‘contral dogma' is carried on 'in vitrio', 'Life' is not a
necessary preeroquisite to this type of analysis, “xtracts oan
be used, Svolutiomcry thecry in contrast, pro=suproses and
encospasses the 'ving orgmisms in = ch the "cen ral dogma'
1s functioning {Commoner 13961), The 'esntral domee' 12 an
ioportent ainor cspect, esmbraced by evolutionary theory,
Thirdly, evalut!onary thoory accounts for the grose
behav . our of ilving orgenisas, The ‘ceniral dogma' iz not able
% agcount for the variability of behaviour smong sninmals,
tvolut’ cnary theory however does pregsent a coupronensive axplan-
astion for this, Thus 't cen bo conoluded that the 'centrsl dogaa',
althoug: glven grest en hasis in ocurrent bilolcgical education,

cannot be given egual astatus with tha theory of evelution,
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‘oentral dogma' blologloal theory has meeelved little recognition
in research and in educstion, “videnoe for this 1s not difficult
to find as has already been shown (Tinbergen 1372). Textebocks ‘n
blology are noted for tielr enormity snd for descriptive detall.
Loborstory puldes are of a 'oookebock® nefure with very little
consiceration being giwen to thooretiocel issues,

That thooretical issues are sith-r derided or are
glven cursory treatment in the introductory chapters or the
prefr >3 of texts can be notoed from Table Tt scems that
text writers and currioculum maicers in blology treat thecretical
iasrues o8 though thoy nre embarrassed at having to mention them,
Tt iz assumed that these !ssues*are darely with'n the realms of
sclentifio diology,

Yt 1s alpo interesting to note tiat the major theory
agoeptable to tradltional biclogists « evolutionary theory - is
currently presonted, briefly, in the latter parvs of textebooks,
Tt would arpeay that ‘he text wilters presuppose that few students
or teaghers bother to read prefaces or introductioms, “imilarly
with the lest chapters, The desoriptive details presented
easrlier in the text-books seem to be held in significantly

]

$reater lmportance,

The Table on page 117 shows that coparatively minor
attention is given to evolutionary theory in present textebocks.
Hot only 4is evolutiomery theory as the paredipgn of blology
(xubn 1962) given 1ittle regard, but other theoretical issues,
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for example ‘systems theory', 'organisation', "hierarchy’,
‘entelochy®, and *holisa', are not held to be important, (Sce
Koestier and Umythles 1969; Telss 1970.) "hen *theory' in biology
ie roferred to, it in intended to incorporate sy erclusively
biological abetrection, and is ot neces ar’ly cinfined to evoe
iutionary theory, Lanarckisa for axanple would be eligidble for
discussion in biologicel educetion, Tt is contended that the
present domngrading of theory in *new' blology is _orhaps the
most significant feature wrong vwith current biologleal education,
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Juestions commanly heard among members of the
toeaching profes:ion are of the following sort; "hy should
theoretical biology be given a place of lmportsnce in education?
Surely 1% is the Job of biologlical education to deal with *facts’
and the practiocal realities of hard bench research, as opposed to
dealing with vague theories, Surely it is bettor to get domm to
the realities of rcicnge et introductory levels vith emphasis

upon practical skills and to okniques, in contrast to aroechalr

heorising.
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"The highly developed language of sciemce
makes tho subjeot matter opague to the uninitiated,
Any fora of onthematical Srestment - mnd, after
all, sethomatics has been sald to be the lamguage
of science - immedliately diminishes the potential
mﬁmm:&po"

(S=1th 1968),
Current textewriters snd curriculusm foroulators plece
a r~reat doel of enphusis upon jquantification in blological
education, Those oducators seexn to Lold with the position out-
lined sbove by "mit: {1968). The rationale of the traditional
‘éogfish = enrthwora’ blology 48 'mherently slopny, uantifie
oatium, socording to curriculum formulators mnd text writors
"hardena' bi.logy nd removes blas., Current Lioclglonl educet -
therofore sirespes dote, collection ond collstion, Tt would scem
that jummtification in some cspects of biclogy is most inportant,
fut to imply, os "mith does, thet suant ' Tiontlon is the ey to
improving bioclogy i1a difficult %o accept. "with, and current
biologlical edusators scem o assume that quantified bi.logy is
a *higter' biology then non quantitative biology:
"Te the modern positiviats and blologlste,
"phanomena” are not what apre~r to the ordinary
stargeser, 1ot alone to the ordinary natural
historian, bent curiously over leaf or chrysalis,

For a ;. llosopher like Duhem, it is the "pheno-
mena” agcesaible to the ingenuity of the mathe-
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it 43 corposed, Tt is written in the language

of methematics, and its chi racters are triangles,
circles, mnd other geometrie f1gures without
which it 1s humanly imroseible to understand

a single work of 1t; without these one wanders
in a dark labyrinth,”

S¢ suthoritative Is the plece of mathee
matical pysics in our concepticn of sclentific
knowledge, that we teke th's pronouncoment as
the emunoiation, trall blazing in 1ts time, of
wbat 1s now a trulam, Aprlied mathematics 1s the
perallign capo of science, 3cience 1a the pare=
dign onge of knovledge; of sourge some 4 y all
wo know or can know will be statable in strict
nathenatical forme™

{Crene 168).

A number of polnts regquire claboration,

Caslleo maintained that phyaics 13 accassible only to
tioso who ere ahblo to corprelend the worl! in atihenatiesl torms,
"hue a ph_siocist 18 requ red to move out of the morld ‘seen :nd
heard' into a ‘rore reasoned' matheratical world, '‘oregver it ls
tuis greasoned worid wih'el is pwre veal toan tho 1!fa vorid,

“hat Galileo attemrted ‘or piysies 'n the sewventeenth
oentury, ‘mitl, md otiters (Criex 197°F), are sttexnting for
molecular biolopy in the twentiet!: contury, ° remcricable p ralliel
occurs vhen traditional biology 1s compared vith current molecular
blologye If the “wmith quotation is accepted, it would seem that
other implications wmust also followy!

The firet implication oconcerns the apparent exclusive-
nes:z of ourrent biology. Gallleo also exphasised the exclusive .
nature of physiecs,

"The langusge of nature, Galileo tells us, is

must Certainly: all lenguages =must be
learned, Fut s is a language, ho secms to be
suggesting



And indeed, for most of us, the language of
mathematiecs which is for Calileo, nature's
lenguage, has to be learned at school, not
at home, 1% 1s a secondary end artifical
aoqu'!sition,”

(Crene 1901).
Yith the current euphasis belns placel upon nathometiocal
sre=requisites for ~dvancerent in blology, new bioclogical educ tion
seens to be adupting & position advocsted by Calileo thres or moure
centuries eariier, "his in 1{self 1s sign...cent, I the srgunent
presentoed by Grene 1s taken further:

"Put "ow do we leam Buo: a secondary, a
foreign languape? “lther the alphebet 1s written
llke our own, and ve have Lo loryn the mosn'ngs
of words; or Lere 18 a foreigm eloment, a @iffe
erent kind of character, to be lenmed bofore we
oen get ac far as trying ¢o under tand, the words,
Tha latter o itustion holds for nature as Galileo
secs 1t: 0t oven the letters { 't languoge
form part of our ond!nery environvont, for, he

istes wo have to leam them {00, nd again,
this is, of course, Srue of the lanpgusge of
sethematics: we nove Lo Tumlliarlise curselves
witi: its formalisms before we ovn cake use of
then in oxier to understand what thoy wwe Lo
teact., "o the ordinary yporson, then, tie
languare of nature bears to thw pergoptible
surface of the things sround tim 4 relation
rat.or 1lke that whien, for a native ngl! h
spesiker, a page of Chinese or ‘rablo bears to
a page of cordinary ®nrl sk prose, Until lLe 1e
traiced t¢ du 80, he eannot malke cul 30 muoh
ag its constituent clements let alone thelr
meaning, 'n ahort, the universe that "lles
open to our gare” is, If Cellilec 1s corrvect,
a volume written in a secret code which only
the trained eryptogrepher can interpret, The
rost of us can only wander in a dark lebye-
rinth,"

(Gwene 1968),

¥oleculer biologists shikingly agree withothis cutline
precented by Creme, Piretly meny present day blologists who are

not mathematicel, tread in Tin the dark ladyrinth' along with the
vast majority of people, Their ectivities connot be classed as



soientific, as they are eonfined to the life world, Yet they

are stiil able tu publish findings of thelir rescaches in repute-
asbie soimtific Jjourmals, 'ndeed "inbergen, Lorens and Von Frisch
hewve recontly beea rvarded a Tob 1 prise for thelr work, ("ee

" glenge” Vol, 182, Mo, 4111, Movesber 2, 1773, Pages LEh - LGE
for s report,) Awnwds such as thers are not rrosented in seience
to non=ncientistes, “or 4o reputeble sclentif'ic ‘cumels reject the
tion matlematical eritings of %impson, Velss cr J,". Toung, Tet
the guotation mede by “mith (1968) tmplies that many diologists
are not sclentists, "cecandly, all pest nanenatismatical diclogy
over many conturies would be ‘sccording to “mlith) of no secount,
" is would appesyr to be an unfounded oleim,

"nindly, there 1s no roor for cpateur biologists i
Smith'e position is asgcepted, Yet smeteur blologiets Liove
contributed and ere still comtrituting to b! logy ‘n "lew "ealand,
‘ore present anateuy blologliats of nota in ‘ew "2eland include
Crookes (13€3%; “eylor {1372) a8 C 118 (1071,

Fourthly, acconling %8¢ Saith, blology snould not be
studied until the student ‘s thoroughly competont in mathcmatios.
This elelm would appoar to be absurd, Jeggs (1)54) and Coustoek
(1960) have published sufficlently to snow tia: chlldren ave
curious about living organisms at & very early age, quite previous
to being able to conmprebend complex matheastical oonoepte snd
formulations, Murthormore, interest !m naturel hlstory is oftem
noted in the early lives of some great solantists,

The fifth oonsequence relates to the proposed exolusive
nature of biology, lathomatical ability is the key to entry.
Pathonatical adility theref'ore iz apparently thie best indicator



of later seientific ebillity, This does not seem to follw:

Sciantists .re people of very discinmiler
texperanonts Jdoln, dif erent things In very
differ-ent ways, Anong sotentiste are colleotors,
classifiers and coapulsive tillers up; asny are
datectives by temporament smd many are avplorers;
soue ave artists and othors artisens, Thore are
post-ascientists, end philosorier-scientists, end
oven a fow mystliass, "hat sort of mind am all
thase peoyple be suprosed to have in oommonT”

123.

(Eadﬂll 1967),

There is no one sclentific type., “ust as scientinsts
diffe. in terperaments, they are aleo likely to differ widely
in wsthematicel abllitles, Historieally, it would se m that the
greatest rathenaticimes ought also to have bean the sprectent
sclentists, Yet this is not the oase,

*urthmore, Smith implies that nethemstical abliity
weong blology students ‘s a2 gooi predictor of later success in
biologlcel ros arel, Yoo 'udsan (1361) oites evidonoe that the
canverse nay be true, “tudents w.o do not fayour the physical
sciences or mathematiocs tend to hawv 'divergont' propensities,
Nadson scems %o think that the 'diverger 42 rposs'bly en
innovator, ‘enca, in wivicating mathematiTal pree-rejuisites ond
emphases, current blologloal educators  'm'th ‘ne.uded) may be
disecureging the very individuals who ocught to be retalned for
biologleal rescaroh, Already 1t hes been noted that 1t is the
ever increasing group of non mathematical artse-blology students
in secondary schools who are likely to have the perscnali.y
tendencies which fudoon (1966,1968) describes, Yet current
bioclogy seems to be ascepting the 'reduction in realorship*
outlined by Smith (1968), The short tem consequence of this
strategy, should it continue, will be to increase the 'drift'
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from blology; the long term concequence will be 8 continued
decline in fruitfMl valvable besiec resssrch, '‘n example cited
by Crowther (1771) esmphesises this point:
"outherford, who has ‘ust recelived
the Tobel Trize for chenistyy, sut in e
hia mathemutical colleague, Profeasor

Horape Laib's class on moShemetloal
staotistice,”

(Crowther 1371).

Rutherford wes & great solentist, w.o despite having
alrealy won a Nobel Frize, 3'd not conalder hlmsell nHlighly
wsnpetent ot mathematios prior to receiving it,

fixtnly, quantifiecatioch could he encouraged n Dioe
logical educstion as & 'false guarentor of Intollectual rigour'
{“temhouse 1972), That is, students having adility ‘n guantitie
tive bioloyy, =gy have their ohmmoes of success sccentuated
to tie dotrizent of non mathematfoal blology studemts, Tf this
trend continues the 'drift' from blology will be furtier eulianced,
Some students, otherwise very eapable, will, Lhrough pressures
plaged upon them by auantification engpl.acce, be revented from
a vancing n biology,

doreover, cotudents in later years, on ocbserving the
pattem of selectlion at introductory levels among students who
are shead of thea, will opt amay f om biology, thus compounding
the 'drife’,

Tallo=in- on from the 'exclusiveness' of =olecular
biology expressed by “mith, He appeears %0 be aldvocating a
closed solence comeunity, He scems to think that molecular biology
ought to bo populated with ssluntiste of cne type, If mathe-
matios wes used as the sole method of selection into
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molecular blology it 1s probable that tho degree of varlety

explained by ledawar (19€7) would be reduced, The germ of the

development of an uncriticlalmg community would seem immenent,

This is a dangerous situation beocuse of 1ts uneritieising oute

looi,

Traditional blolozy, in emphesising thot it 1s avalle
eble to nll individuals vwith normal sensibilities 13 more univ
orsal, There is little intention apart from the usual exanminations,
to greatly roduce the potential weader:zlip. The comparison between
traditional blology end now biology parallels memarkably the
Calllean explanation:

{a) vgleeular blology belonge Lo tha quantitative =nd
reasoned worid,

Treditional dopg=fist/ecrbiwors blology belongs to

the '1ife world',

{h) The reasono’ urléd 18 an exciualve world, 't i3 not
svallable t3 all,

‘athsmatical initiation is neceacary beiore one can

enter molocular biology.

() Observat!ons based around touch, taste, mmd mmell
belong to the 'life world', Traditional blology stresses
this 4n combination with extemnsive th + By contrast
moleculer biology reduces theory end relies upon pared
avay apparently 'pure' observetions from experimental
and quantitative procedures.

(a) Tmplied in current blologloal educstion is the idea
that new or molecular is of a higher level then
traditional Yogfish~earthwora' biol gy,
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It appears that if dliology is gquantitative, it eam alsc
be made 'non theoretical’, Ubserver bias ond other eubjeotive
olements wiich could 'infect' bioclogy are sarparently removed when
biolsgy is made quantitative,

Pespite this popu.ar claim, difficulties arise, Firstly
how does a blological experimanter categorise end operationalise
elements? Noer he cut up phenomena to be measured randomly” “ven
the 'non theoreticiens' cannot but have some retionale /theory)
wi.ich dotermines tleir ocategorising, end the process’nr ~° datae,
A co mon rule would be to operationslise catepgories in a manner
w.loh maces them susceptible t. measurement, This in itself i1s a
theoretical notion, "he processing of date is alac dctormined by
theory « even anong bicloglists wiw would clolm to Le nonetleorote
lolann, If & nonethcorctical bLicloglst takos the non=tlhieorctical
rosition to a logical extreme, he would de required to aimit that
hig setivities and caterorisations involved in dealing =ith data
vore corely rondon moveronts, esearcl, on tho contrary, 18 not
randon,

Turdherore, how does the non theorvetlolon intercret
find’r gs? Toer he mevely let the resulto 'speak for thonselves'?
"nterpretation again presurposes a theoretical position, Foestler
[19€4) stronely oritickes the "non theoretiosl' position,

"Ny stressing the !mportance of the

w (or reinterpretation) of facts,
! may have riven the impression of undere

mmaumw«%m.
of having emphasised the value

making at the expense of the empirical aspect
of sclence -« an Gnforgiveble hereay in the eyes
of Positivists, Behaviouriste, end other
thoorists of the antistheory school, Meedless
to say only a fool could belittle the import-
ance of observetion and experiment - or wish



to revert to /iristotelian physice which was
was &1}

M. ."5. Hm haﬂ 55"5.&
guoted passage:

'Those wno refuse Lo g0 beyond fact
rarely get ns fer as fact: ond ayone w.0 has
studled the history of selence knows that
elmost evory step thorein hLes been made LY ...
the invention of e Lyjothesis w.leh, thoug:
vorifioble, often had little foundatioam to
start with ,ee' "

127,

{roestler 1964),



“ron evidence {already outlined) it scems that eoialysis
is a recent strategy which iz refleocted in biologlical rescarer mnd
bioclogleal educstion, The level below in the bicloglcal rierarchy,
18 alweys more busig than a higher lovel, end will ultimately end
in cheulstry and phyelcs, if tie former guototions of moleculur
biologists of the calibre of crice, Reiner, "mith and Caspari ure
indicaticns of trends, ‘n analogy (develured by “tenid.z., can be
used at tils 2tepge wiich may higtlight faulits In tho position:

Muildings are composed of bricks, "rloke are wore
basie than builldings, Therefors nrorerties of bricks should be
atudled bofore prorerties of b 1ldings,

iltemaetively:

irrontams are composod of colls, Cells are =ore bisio
then organisms, Therefore the proporties of colls sho:dd be
studled bofore the rroverties of organians, "o ¢olls are cow oped
of orgenellesn, Tius org=nelles ought to be given priority for
study. "owvever, organellies ure conrosed of molecules, Therefore
molecules & ouid be studied prior to organellces,

"he analytiecal sliide oen continue to sube=ato ie particles,
becsuse there 1s no logical rule at all which will stop it, Indeed,
according to the analytical position, I1f a lower level is more
fundamental than 2 higher level, there gugt be no ruie epplied at
all at eny level which prevents the amalytical slide, Uf course,
the logleal ultizate would be to study mathematical probebilities,
and this surely would not be blology. This enalytical slide has
been lsbelled *reductionisi’ (Koestler 1964, 1970) or 'reductivien’
(Grene 1971), Tt 15 o key iosue in current biologioal rescarch and
edug tion,
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There ic also another important point which is at
present oreat ng discussion and controversy. ot only is
reductioniom weak from & loglesl point of view, it 1o also
being oriticised by clonists end physioists on theoreticsl

£rounds.

zolecular blolugists (Telner 13€L; “mith 1948) assume
that phiyeics and checlatry Lave alrealdy eradlicsted thecry from
thelr Jisciplines, Vet it 1s on theoretical grounds that chenists
and physioists are critioclising the moleocular Lioclorlcal non
. thecretical I'rame of roference, “or exm 16, to s3sume a
'billiard=ball' concept of atoms &8s 'new' bicloy does, is to
accaprt 'bad' physics:

"fut uinfortunately the ovrdinary nan's
plysices is still thst of one hundred or more
years &agol nai'm eigsrct. v In the article
Just guoted says "“the concept of & ¢ particie
is itself just = descr.piicn of a coancetion
wiich exists bLetween ; enomena, and 17 ' may
Jump from a very cautious and skilled language
into atrict metaphynical expression, ! see no
reascn why what we call matter should not be
epirdt,” T 7 pus 1¢ in terms of traditional
metuphysics matter ic spivit as fur os oplirit
is not known to be opirid,

4180 = if reduotioniom were rigit in the
saense that the mental, spiritual, artistie, and
ethical values which we experience really are
in the electrons and other primary components
of which the world is made, - then all ome oan
say 1s that they don't appear to be thore, Tt
follows that a grest and unjustified leap of
falth 1s required, & leap without any solent-
ific evidence to believe it. Thus reductioni

MIER AL 3 CL | Lazi-d A 41 ELAL

d‘ulwaﬂdtooria:utd into. tumuul
process as complexity develops which we are
totally unsble to understand.”
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Gremo (1571) puts the 'leap of faith' necesaary
for a reductionist position in the following way:

" « there ave, md have been since
Leucippus' time, & paradorigal pelir of
principles at work in the sup ort of the
roductivists ideal, (n the one hend, the
orthodox view of scientific inquiry ie
presented as phonomenalism: scionce 8
shiorthand for observetions; theoretioal
contructs are conventions, ensbling us to
pet rom ne stand in obpervution %o
mothar. nd on the aetmr hand it is the

atom".atio mtap‘welo, it aem 18 no wete

physie, m—g;&a.tmwa_am

an o g wen T tell my atudents, there
are na'l in ny garden in the moming and robins
in the aftemoon, they say, nonsense, there ‘s
one gone poal n your rarden ‘n the morning and
ansther in the af'temoon, That'e what yjou're
really observing, ' must &d+it that oy cyes
degceive me: the K

thie rend pienomona oye Lie
igvisible omes Gemanded by the must wnifging
ond seomonical Bieory, the phenowens - see
are only apparent snd must be oxzlalned away,’

{irene 1371,

Yoleoular bLiclogists ma‘ntaln that they do not :0ld
with beliefs, wetaphysios or Liheiries, re to malntaln & onee
levei atomietioc vies ¢f th universe, .annt olp but Invulve
'be_lef?, 'metapiysica’ op & "lesp of falth', {ipaicists seem
0 still be unsure of the neture of ultimate particles, end they
recogn’se that such discussions must pevolve around theories.)
doleoular blologists, in advoceting reductionien must admit that
ultisately thelir position 1s !n fact s metapiysicel one, A
comment made by Deckner seems apt:

"Professor Voodger somewhere remarks that

those w0 o nalder themselves above all metow

pbyllgal btellef's are sorely up to thelr necks in

_— (Peckmer 1964),
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¥Yolecular blology advocate~ that physios ia the model
sclence to be acocepted, Yet plhysics rests its arjuments upon
theory (“horpe 1989}, Ultimetely molecular biology rests ite
cage upon a meteplys'oal frar work -« a position 1t explioitly
ablors, 7et piysics has » wery stron, theoretiosl basia, 't secus
therefore that non theoretical molegul r biology may be following
a bilnd path end oventuslly be annlhilated Ly the thcory of
physics,

Squally simificeatly evidene owun be dopived from
notabie physielists oh' ol weckens rome current assunptioms in
moleoculnr Lioloyy. Tiese jhypiciste co not zeem 1o comprehand
physios in the menner ‘n w,. ok molecul r biolagists duo,

"astier nstabie duefense of 1700 as
someti‘ag uni ue md Cistinet f'rom nonelife
som~s From one of the great physliolats of cur
time, 'lols ‘orre 'ohvr Las w itten cevoral
Ao ie popers abcut the rui ti o tetween
biology mnld yhysies, wiich L.ave or too long
buon neglocted by vlolupists and L ophysicists
alike, .ne of Tohr's contributions to physlies
ig tha theory of complementarity, wh'ch holds
for ¢ emple, that the electron 17 charecterised
by bot! particulate 'nd wave length rroperties
viilef are nevertieless rutually contradictory
"the more rrecisely the wevelengti. ir defined,
the less oca'taln we beocome of the clectrne
pa..'a.’ltim:.‘

(Coemoner 1364 .
fSehr thus d1d not malntain only a rarticulate theory
of matter, Current biology does, Comnoner gosp on:

"Bokir suggests that complementaritjt
regulates the reloticnsilp between two coeval
aspects of biclogical nystems: the existence
of 1if'e In the whole intect Sell, and the
separate physioo-chemicael events that ocour
witiiin 1t,the more precisely we try to detere
mine the intemal ovents of a cell, the moye
likely we are to destroy its life, ‘obr
concludes: “On this view the very existence
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of life, must, in biology, be considered

an olementary fact, Just ss in atomic physiocs
the existence of & quantum of action hes to
be tsken as = basic fect that oanndt be
derived from ordinary sachanigal physics,”

(Comzoner 161,
Bobr, 't seems, belonging to a sclence whloh wmolecular
biclogy adairus = is ju te able to make a 'le p of faith', e
accepts 'Life' in the eame vay as he nooepts ‘action', Tolr
acocapte wiat current moleguler bilology ignores:
“Tohr's princi;le simply nerves as
waming tiet we cannot 2tudy the prorerty of
1'fe willhout retaining i1t in our expericents ...
Tt s portineat fere to show tior tieo rene-
trating insight of wcld ra physical ¢! eory
revecls certain inconsistencies 1n tha notion
that life can be reduced to the o.emistry of
a certain substance,
T belleve that wiat is com on =« and to
some egree unused « in tiese physical nd
otemical view: of 11fe (ti.se of "o r, ing" L=
wood md “lsesser is that they anre rrofound,
They errly to modern physical »nd chew’cal tueory
to the problem of life with Lhe standards of
daptn snd rigam that are rejgu'rad in the treat-
ment of gurely rhysteal nd ol emleal (rollems,”
{Co rioner 141,
“oreover, one doe: not need to go down to the level of
subesiolecular, end subeatomie physics to nste the d1{figulties
which arise in accepting reductionism, The moleoular level secens
to be sdequate in s owing weaknesses, “cdern cheulstry does not
alvays agree with some of the princirles adopted, Tt seems that
reductionistioc biology 1s willing to mecept 'poor' organic
cheunlistry as & basis for 1ts work, The noted melecular biologist
“ornberg states:
"Pecently T hed an after-dinner convere
sation with an emninent organic clomist, who

also had a deep interest in biology. 7 told Mim
now Bbadly organic chomlcal advances vere noeded



atad to bilolorical toxt-bLooks,

cuomt sty

in the nuclelis acid fleld, Compared %o the
chemisipy of other naturel products, the
chenistry of nuoleic aocids is a poverty
pocket, The mmormous interest and ef'fort

now attaotied to blochemical and blologlesl
problema Involving nuclelc aclds are severely
I!mitod in uteir pmgma beouuse of the

soble 58

this Tlsld. Wy friend ssid e e oulty
is rimrly thut nucleic acld chemistry is pot

£9u3 organio ohemistry. = would have agreed

with him that at present it is d'fflcult end
oven tedicus chemistry, T would have further
sgreed tiat the conoeptual cl.erieoal Larvest
for time invested is llkely to be consiierably
leas n. w than s comparable effert on sterdids
antibiotics, or plant pipments, "1at, T faar,
e really m~ant 1a that nucleie acic c emiats
do not usually ces ure meltineg points or make
elemental infre-red and magnet’c spln analyses,

Tihnt 1z even worse, they (~ve boen known to use

an snsyme n A sgbhesis or malysis of a proe

duct, Tt 15 also true thot nucleiec acid chenlcotry

is nct carried sut in departments of chemlistry.
"heae are crimes not aasily ignoved Ly a  'ehily
covelopod ostablisiment,”

133.

{: ormberg 1341),

“de a tuablion iz worsemed whan chemistry 1s incorpor-

and incorporates tila into Lextebo <8, ‘urt or a re-

‘olecuiar piulogy accepts 'bnd’

vating tue situstion, Tiie con be cutlined throug: the use ol tie

following

phosphate

axannle:

"anks (1)70) uses the cxem:le 01 adendssine trie

{2s7e%s) to 8 ow misepplications of chemistry in bislogy:

"Une result of the spectaculsar progress
in blochemistry in the pest decade is that bioe

chendoal toples have been introduced into school
curricula in biology and chemistry, legrettably,
there is an importent ares of biochemistry whieh
is umud 1n e nry -hhunng w. mm

nl lquoﬂ in uolou, or bioohulnq ic numy

undesirsble, yet atteapts to resclve the gquite

unnecepsery confusion have been strongly oprosed
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by biochemists, Standard text=books of bilo=
chemistry st all levels sbound with discussiona
(of chemical remcticns) wiie: &re incompre=
hensible to chemists, "t 1s freguently icplled
that certaln orgenic molecules which oceur in
living systems possesr bunds whict cen store
energy. 1 addition to such abuee of all cone
ceptes of moleculsar structure, 'deas drown
allegedly from that notoriously 4iffiouls
subjeect, chemical thermodynanics, are distorted
beyond rocognition,

To confuse students in tnis way 18 ine
excusable, "he false arpuments used in th's
ayesn are suppogsed to dlreet ettymiien to the
importance of partioculsr olecule 'in vive',
but in fact they dispguise 1ts t+ue role,
where this 1s known; anC vhere 't is unknown,
prevent desipn of useful experiments,”
 Banks 1370),
‘ nuober of pointz requ’ re elaburstion, “anks is
rlacing melecul «r blology snd bloche 'stry under the sene
unbrella, “"be asttacks the lstter ar rresenting 'bad' cle fsiry

becsuss of *sinplistic' notlons, Tnat is, tasking covplex isaues

and  resenting these lesues ag thoug ti.ey ¢ ¢ i) le, “urbt:ier,

and oven worw significently, she maintsins thot $ii3 actunlly
inhibits .osuible future ressareh, 'et it iz 4 is "poor!
chemlstry, made worse by simplistic textebouk presentation,
which students may be required to Tamilierise iheamselves with in
ourrent blologlical wourses,

Panks then gios into the detalles of one example:

"“he particularcompound %,".F,, i8 pere
sistently regarded ss the universal ‘onergy
currency’, 'in vive' and, on this viow arcas
of cellular activity in which ',7,.", 12 & key
compound such as zuscle contraction, active
transport, oxidative and photo-phosphoryletion
are discusazed in tems of 'bLice-cnergetice’,
The part played by A,”.P, in intermediiary
metabolism 1s deeccribed as a trappor of energy
from oxidation end the provider of emergy to
drive the emergetically unfavourable reactions

of biveynthesis,”



curicue view', 1t 18 not intended to do t'is except to nute thst

She then goes om to 'exemine the urigin of thds

135.

1t 1= a rood example of the strong frith which soleculer bioiogists

rlace upon doubtful chemical princljles,

wace thot

Tinelly, frene 1771) alsc oriticises the as-usptions

biology is encompaessed by the laws of chemistry:

":ince, they {the reductio iste end moleculer
biologists, declere, the process of growth and
heredity ave been srhowmn tu be determined by a
sequence of T,%, , molecules, Liclogy has already
bean reduced on principle, to biochemistry; the
coupletion of the ‘ob is routine, Cranted Lowevor
that U,%./. has precisely the puver that they
claim for 1t, its o eration demonstrates, on the
contrary, that bLislogy is ot reducible to Lice
chemistry (end ultinetely to physics). “hat uskes
Deliet, do ita work is not its chenlstry, but the
order of thro beses aiong the .7, . elalne 't 18

the oriaer wiigh functions as = coude ity be read

out by the ceveloping organism, The lavwe of
vhystes :nd chemlistry nold, as reductlivists
riritly inaist, universally; they ere entirely
unaffected Ly the particular linnear ssquence

tiat charactoriges the L-irlet code. Jy, order

i3 poseible physico-chailcally; thorefore phys'eos
snd o ewlistry cannct specify wihich order wilil
succeed in function as a code, iz srpurent,
wiiich an eors incontrovertible was stoted by
‘ichoel olanyl [in "Sgience” © 1. 1. “0, 1¥4],
"he orderly struocturc of a cteaical molecule,
‘olanyl points out, '3 ue to a aacimum of
stability crrrescndine to = m'ninum of rotential
onergy, -uch order vholly deternined by the lova
of physics and clemiatry =nd the Loundary
oonditicns of theo system, le incopuble of function-
ing a8 a code, The particulur sejuence of basas on
the .M./, syiral, nowever is not so deteruined,
Thepre io sicply no question of energy here at »ll,
Ume can say that, statistically alLl sequences are
ejuiprobable; any one, sccordingly is highly
improbsble, and the measure of this improbability
is precicely the measure of the informstion it
provides, Folanyl writee:

"As the arrangement of & printed page is
extranecus to the chemistry of the page, 80 is
the base sequence in a I',Y,/, molecule extrone
eoug to the chemical forces at work in the U, N,A,
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molecule, It 1s the physical indetermindney
that produces the improbability of occurrence
of any particular sequence, and thereby enables
it to have a meaning - & wmeaning that has a
mathematically determinate informetion content
equal to the numarical improbability of the
arrange-ent,""

(Polanyl (168} quoted by Grene 13/1).



137.

. “Fagtuallea’ Tn Mew 1ology.

The following gquotation is one taken from a ourrently
used textebock:

M eiiie 18 unlike any sther substsnge,
Life is & unigue condit’un because ",%, . is
a unigue molecule ...

eees 8 you contlcue your study of biclogy
you will find that .4, .. comas Into discussion
again snd again, Yow do organisms grow! oW GO
they reprocduce? ‘‘ow does & species maintain its
jidentity” "Ly do new orpanicms rosembla thelr
nernts in sowe reapects and differ In ollors.

Ue'ia "y provides the answers L0 Lhese juestlons,
Te¥eve 18 the key to life.”

{Ltwo and “owle,§
- f:'_

« i .

"Le sbove statesent ¢-n be regerded =8 siuwplistic
tec use 1t presents a2 conpiex issue as thougt 1 is actually
st ple ' tenuouse 1172 . Tiis netion secms o indicat. tiat "Wl .
Ta the only aspaet of Dlology worth siudyinge Vet t:e text from
wier Ele quotation ¢ores does not doyote o1l of ‘ts peges sololy
Lo 'a"e & Tt nles implies thet & erast deecl of Lislogy nut
refoareing to Uy o 'e 18 of no walue, “hile vould brine a prest (e
of Lloloyy into disrorute, TP aerecment with £he ustetion is
consid- red, nost of the text written by tnese suthors, not reloted
directly teo '), «, must be irrelevent, “hey vwould tierefora be
pullty of incorcerst’ns useless information,

Teke for example the obvius biological principle of
differentiation.Yany ocvganisme differentiate from a single coell
(syrote) into & sultiesllular organism with many different and
varied cells with meny varied functions, Yet it is assumed that
all living cells have the same identiual D.N,A, contente, "'.N,4,

reputedly deter:ines eoll structure, Yet cells are obviously



widely varied in structure ond function, The informaticn
content of TN, , hes veb $o account for this:

"Cellr aould contein = deviee for
translating the code library contained in the
TJNeh. into tie biological oharacters which
it deteruines: com uter sciane? exporience

indicstes that the translstion devioe oup t

to be conslderably rore massive than the
Librarg.

Tne svailable factes suggost tnat liviang
tiings do not meat these reuulrements:

{1) C(rgenisms wnich wust differ consldersbly

in .helr genetic complexity often have
sinilapr cellular "%, . contents, end there is
a0 svlisnee tiat the discrepancy Cu be account=-
ed f.r Ly wifferences n genetlo vedundmncy or
in the inertness of some chrouosoma sectlions,
vonverscly, orgenisms woich are nearly ldontioal
in renetic cusnplexity may 4if r consiiersbly
in cellulsar "%, . content, "he =vallable evidence
doea nrnot surrord the Jcaa of a ono=to=une COrresSe
condence botwesn genetic informatt.on, snd the
infor ntion represebted by the structure of ".'.',
oy for tha: matisr any .ther moleculsyr componeant
of the celi,.

£ N
e )

“o oytcloglist has dissovered 2 ubiiuitous
strictume, carsideratly larger than L.e
ghroosomes ' tie zode L'brary) w Toh s.ows
evidenge for zerving as 2 trenslator, ‘ile
recent Lochenical evidenoce sugpects ronsible
means whereby U.7,A.-bome infemation way bLe
translated inLo gnmeticslly e fective protein
specifity, therv 13 still no aigm of a device
cepable of translating a 7., ., into nusevous
anatonlcal festures /finger-prints for exar;le)
that &re slso inberited,

Trhus in striot analysis of the problem of
inheritance in accordance with modern information
theory leads to the remarkable resuit that the
organisms specifity must be dotcmmined, at least
in part, by agencies not present in the initial
gern cell end certainly not im the D.N,A, alone,
Elsasser (1958, 1961) points out this view, whioh
cen be derived directly from modemm physical
theory, 1s 1dentical with & principle already well
establisbed in diology - epigenisies, This view holds
that the fertiiised egg bdegins with a limited
smourt of speoifidty, wiilch develops into wore
detail ‘n progressive superimposed stages, 'trong



evidence {'ron embryolosy supports this

coneluaion, =nd regently some investigstors

have suggested that certain specific types of

inberitance, especlally in protosoa, are epi=-

genetic in ¢ aracter,

These roults have sn importand. bearing

on the customery ideas about D, 1,4, for they

call Into we:tion ths basic essusption that

Te'le o {0Or for that ms'‘er any other single

co ponent of 2 geram call) can possibly serve,

by itenlf, as the final arbiter of biclopical

specifity,”

‘Commoner 161,

Tt can be seen therefore that tre quotalion froa Lhe
teiteiouk sbove praseats features as "facl' won the; zre provis] e
al and even controveraial, "he auti:ors msks z!-plistie ay «rently
autioritative atstenents, Tiis 18 a csse wiwere 'pseudofact’
mascuerades as faed Mor the pup oses of cles. sexpoaltion.  key
issue of the "new’ Liology fe Lerefore "fuctuallam®, That I,.7,4,
is sotually the kay > 1ife "8 based uron controviralal evidence,
180 . ‘s text demandys of the studen . T4l 1@ asree vwith what is
s2id, ‘nutrer isgue thorefore euuld ba lzbelled suthoritarien!sm
enco! reg'ng an A peal 0 the suthority of pseudofact in biologleal
eduoation.

'Factualisc' arises when tontative or doubtful cuncepts
and fincings are troated for the purpcses of exposition as though
they were faot, lorecover, explaining vhat are really ocon;lex
isrues in ways wh'ch seer to reveal to students that they ere
simple 18 to be pullty of promulgating 'siaplistic’ notions,
whioh are also 'factualistic' bdecause they misecpresent the
actual complexity of biologicel ooncepte and processes, The
A.T.7, controversy (Banks 1970), seems to be & good example of

'factualism' by promoting 'simplistio’ notiocns, Text writers and
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curricut/makers seem to be more concerned with elarity of
explanation then »!th actusl complexity, 'lence th. y both ean
promots '"factunlise' an well es 'slsplisisn’,. “or exeample the
“eveath Form Tenchers' Culde (Tege 4O for Un!versity “ursery
and cholarshir Tiology has en outline of the "fan!ly tree' of
Lan ap thoug: whe evolution of men has been finnlised as fact,
7iologicel theory relating to ¥an's evolution notes that there
is probably e nuster of alternatives as to tre origin of ¥Yan,
“or exmnple, the 'non-ant-ropoid spe treocry' ie not piven any
eomsiderstion ¢t nll (“traus 1349). Tius it must be essuned

trat tie ouvtline is not only ‘'slmplistie’ hut also 'factualistic’,
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De ~Lecinieisn” in "New” Biology.

Hlologleal curricula in Mew “eulrnd eaphusise tecunical
aspects, Current c:urses and curricula clal=w tu place graat
enpnagis upon 'ovills'e Une preamble is yuite explicit when it
ia stated:

" he intontion wss, raliaer, to ueep the
voluoe of foctuel ~nd thooretiesrl material to

a mintmgn,”

‘#oms V 7 Teas ers' %ulde "islosy”, Curriculun
Nevel.pment nlt, 1370, Fage ?2,,

oragw:r L Tp sume 1 reamile states Lhet empnvals Qugnt
to bo ;loced upun 'arciied® blolory,
YT pussicie students siould Lave orporturity
to meet practising b logists In celtworks, med'ceel
ishoretorties, sewape tresmtment risnts, fisleries,
landscape deslpn, far canegor-nt stce, T isn.ssion
with these reorle co.ld be (oliowed up with project
and r lated expoerioental work,'
{Ferm V77 "nscners® Su'de. 'ape .
"wo ma, or paints arise. “irstly, btlicory %a held to be
oot important. econdly, 'gpoiled' btiolepy ratter than 'zure' biology
is the importint port of tle cuurse,
e 'applied bilology’ « 'pure Llology' ststinction i a
diffiocult one, ‘lowever for the purposes of this disvassion
‘aprlied' biology ean be regarded =s biological work carried out
beceuse of its econonlo adventage to the nation, "'us 'pure' blology
oould later become tranefommed into applied blologye. "oonomie
edvantege, end voeantionol educrtion are both emphasised in New
fealand, Piological education is not imoune to the 'vocatiomal'

stress, A large number of varicus skilled sctivities is involved



w24

in 'applled’ biologic:l flelds, Technical menpower 12 required
for the nany specinlised tasks lnvolved especially in a netion
whioh bases 1ts economy upon primary industry,.

“olyt chnieal <. u.1s have inoreased In size and number,
New "enland Certificutes in “clence can be sbtained ‘n blology.
Sonools of foor technology and blotechnclogy "ave been developed,
A8 & consejuence, there seems to be a 'drive to status' from
teoinical blology. Technieal bislogy scoms Lo degire oju'vnlent
status with blological sclence, In sp’te of th~ fact thot tectnical
blology, "ineiuding tosinology does not nacessarily have the
innovat've creractaristies of 'rum' Liologienl solence, ut
teciniasl biclogy is not necessarily the same as dlolegtoal
acirnce, Tt 18 neceseary 0 dissingulsh Letwenn (o ha'cal biology
and Liclortcal zelence,

iratiy, tec:nical Liology de«las wit: discuv red

plienopenz, eldon are gignificant clacouverios mase in atrictly
teohnical fielice (Tt cuuld be; hut the mnin functlion of
tectmology 2 to use wial nazx alr-aly bees discowred).

Teeondly, techinilcal bivlogy deale wit:i apeeiflo s=kllls,
These skills may involve a hlgh usegroe of menipulative dexterit .
Tith the proliferation of highly sophisticated and expensive
piyeico=biological extensions for observing rhenomena, well trained
technical personnel are most necessary, Poorly acquired skills, or
mistakes carnot be affonded with highly erpensive ejuip=ent, Thus,
the skills necessary for one jarticular appllied resecsrcn centre
nay not be the same ue those for other reseerch centres, Mo

variation in skill or procedure is allowsble in technical biology.
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Thirdly, tecimical biolegy is 'rule bound', “he
v rying of established procedures or skills 78 usually not
aliowed, "pplied resecrcn oentres ommot affors LU 'ave
teorniclians ‘expeiment'ne' *141: intricote equlpmont,

Fourthiiy, the sxills regu' red ~m ofgen detomined by
the teannioel vardwore belns usad, Tnesze detorsiala factors neoad
not necesrarily be blologlesnl,.

“Huloricsl celenor m toa olier and L 17ers,

“reciel manipulstive skilil ~ay not be a= necessary,
wr noed toere be striot edb: rence o mules, "ndeed inttial
"aegation' of accepted rulen may be on ispurtent feature for
bi logieal nelonee, nstesd of piving import to 'sbel once biolugy'

g2 in the Yevinionl fialds, 'disobedionce’ 1clopy may ndead be a

.-

drsirstie prvereculoite o Innovatiun, "7 Lon sae 177, Tle
initisl negat on plase ot {irot bopins at zbstraet thoorctieoand
levels:

"m0 establisted raredigm ‘n suceh o ense,
rust be dethroned bef'ore t:s nee fagta omn cone
to notices 'n termp of luple, =hen, L4.18 moms
thot toe provicus parndign must « rrovisionally
at lenst - be negated or Loid 'n abteyanc® ...

“he loplesnl gtructure of tho situation
may be lilustreted by reference to tae popular
{though qu'te arroneous) veprsion of ihe ¢! covery
of ‘merioa by Columbug, ‘c.orc’ng to th’s story,
Columbus w:8 & brave ploneor wio sa' lod weatward
across tie . tlantic '!to the unkoen'] "he roint
wh ch must be kept in «ind ia that so far ea
Columbus'® contemporaries: were concomne. he was
not sailing "into the unkown'. “e was sa’ling
into the known, They know very welil what would
rapypen to him: he would sa'l n until he
reacted the edge of the world, nd then he and
hia shipe would fall over the adgo and be des~

troyed!

In short Columbus hied to create en unkmown
before he ovuld sail it on a voyage of dlscovery,
"0 do so he had o negete the currently accepted
‘known*,”

{tenbouse 1)71),
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Tec:nical blology (1ike the contemporarier of Cobuuimus)
deals with the already established knowns, Jolumbue could be
regorded as taking on the activity of «n immovative aclentlint -
he oreated in hie m'nd an unknown by disocbeying or negating
currently established snd accepted patterns, 'n sctivity of
blology as ¢ gnleonce therifore is to hold in ambeywice, or to
negate currently acocpted views, to attcapt to create an unknown,
md tren to explore the ramificotions of tiis w known, IT- ioglo is
~T@gv T~ olved, then thecrotical snd philosc-hleal notlons are
crucial to the rrocess, "iologlesl melence, ae opposed to tech-
nical biology has therefore importent thecrotical aspects "but
currant biology does 20t incorporste these', "nitlal impetus
in tie 'bresking of now ground' in biologigel sclence 12 obitained
firstly 4 a trevretical level. Th's way Involve breaking argy
from sonflomelst thinking 'n hiulozy. “or exeer le 'cystems *heory!
in blolgy wae estebliched as e bresk {yrum ort odox U12logicel
theury. “on Tertalanffy 137",

Tew n'cal biology, on th: ather hand, mey refine threse
procedures byt brand new rrocedures are not usually estabiisied
in tals way:

‘anson puts the position succinotly:

"Tius the major function of tle selentifile

enterprise = to wit, the attalnment of m

understending of nowledge - should be henpered

as little as possible by leboratory 'busy work®,

Refinements in ounduitry and c¢'.rovitry, in beam~

focusing, in spectrometry, thermometry, and hydro-

metry « these may lead tc more decimal places so

one reports the results of measurements, but they
rarely determ’ne g new form for an equation or g

pew kind of inforence concerning old subject
matter,

{nanson 1971)
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Ancther intorpretat’on can be made, A spectrum
eould be inmegined with Y= 5r~ra gwnepience’, thet iz the usual
sansory evilities ot one end, ad thaory at the other end, AS
oane moves fron 'rw sonse exparience’, theorr bhecomes inereasingly
1sportent, Teciniical biology tends to be neaver ‘he 'rew sense
experience’ end of Glw spectrunj biclogienl soience nearer the
theory end,

langon aloo emphasises thls distinetion when he
states:

"Brainless, photosens’itive con utors - infznts
and squirrels to0 « do not make scient!fic observations
howover ronarksble their sigal resepiion and storage
may ba ... "hat the motion of 'iars is retrograde, thet
a fluid’s Tlow is laminar, that a plame's winpeakin
friction inoreares repidly with descent, thst there
is & calelua deficleney in Connectiout £01l, that the
‘torth A‘moriecan watertable has drorred - thase all
conezrn ohsorvations which by far excesd the order
o scphistication passible throuzh row sence oxperi-
ence, “or ere these oasas of 2im:ly raquiring physioo-
binlorical 'ewtensiona' to the asnses wo olread  have;
for tolescores, miorescopes, !:ect sonsors, et ceters,
are not suffioient to dotermine that 'er's -otion is
retrograde, that blood poisoning ia setiing in, that
volamnic aotivity ie 1wmenent, "e'ne able Lo make
senae o Ll semsors roquires | e i thoory =
not slioply wore sense signals, - nderstancing the
8! nificance of theo nignal flags Cluttering 'rom the
bridge of the ' ueen “lissbet :' does n. ' usually
require st1ll more flags 0 de flowmmi),”

(Hanson 1971),

'Rav sense orperience’ is obvioasly necé sary, Put to
connect, for example, nymptoms of oaleiua defiecienqy with the
ocause, thoory is needed, That is the theory or soiencs end of
the spectrum is needed, Tesinical blology ocould be used to
goasure coloium amounts in coil end drinking water by testing
technigues, Through 'raw sense experience', high or low levels
of calcium oould be observed, But no amount of rvep otitive testing
for ccleium in so’l and soll water, will develop a gemerel theory
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for 'rineral deficiency' involving 2ll possitle elementa, Moimg
the sume thing, 1f pcssible, in exesctly the same way, bound by
tne limit-tions of the teoin'jue deing used, will never by itaself
dlsoover enytaing new sbout gaicium-lack in soil, "ne only way in
wiriok this ¢:n occur is for a treory to be “irst worked out, and
then tecinicslly tried., The insovative discov:ries belonng to the
theury enda of the s ectrua, Tieory, and venoe biclogical science,
is rrior tu Lecinical blology:

"'he infant und the layran see: t.ey nre

nut bBlind, P"ut they ornnot see what tre physicist
sees; thney are biind to what he seen,”

{T:nson 1758),
't wust be eaprEsised tiat teahinicnl bi.logy relies
vron fpure' biology for its sustenance and not vice versa,
‘hould Y;ure' biology bte coengraded, st oven introduct.ry levals
of diuvli picel educstiua, then eventuelly too nieal bidlogy wlll

L]

tory up'e Mi:ia apema to be occurring, n article entitled
‘griculture: Critice Find Nagie "eseure! "tunted ‘nd  1lting’
("c!eng_g 'ole 183, Vo, 4084, fppil 27, 1572 "age “30) Las
almady outlined tris problem for the [nited " Ssteg of merics,
e "mlted “ingdom slso sceme to be affected:
"'y thesis may be simply stated, "¢ .8
that in Pritain we are spending a grest deal
of money on research, that we have every
reason to be disaprointed by the produstivity
of that research, and that most attempts to
{improve the eitustion have ma.e it worse.”
(Mellanby 1973).
A contributing factor to tnis decline may be the current deriding
of tiecry st all lowvels of biological educstion,
‘Teclniclisn' in biologloal educstion can now be

clerified, 'Tecinicion' involves & implicit or explicit assusption
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that the only biclogy whiech is importent ‘e technical biclugs.
“hue biologicel educsticn stresses the 'rew sense experience'
of the spevtrum, Current biology deale with ;ast schievements,
and downgrades *heory, "'~ anesuracen a 'bagkward stance' to
biology. An unstoted sssumption seems to hove been made by
biclogicel edunetors thal all the =ajor necassary discoveries
rove been uade, mmd ars there to be learned by s.udents, Thils
situstion is discussed by Koeetler (17f4):
" %The partiou epr phenomena of t. e arts
end scleness cre roally but a handful' wrote
“rances l.cun, 'the invent'on of wll osuses

and all seciences would be s lavour of but &
fow yeors,' "

{“oestler 1344 .
Current biclougical educ tion, in belng '"technioist!
geens t: zl80 aicrt tila position,
"tress is alsoc placed upen 'skill' end 'tachnlgue' in
rracticel biclugy. Conconitant with this, i3 ¢ e assun;tlon thet
1ological education wust out of negesrity use exjensive comrlex
euirment, Technijue centred specialismg und rescarch tears .re
comaonly noticed in rrasent biolorical 'esearch.
‘orecver, emphasis is placed uron the autiority of
'fact' already discussed under 'factualis=', Students must
agoept past d'scoveries as read.
Yeogating tendencies are not tolerated at introductory
lovels:
"It seens often tacitly assuned, however,
that the sasual factors of en individual's
cognitive style mnd personality can operate in
a ne&st temporal succession, the nonconforaity
of a discovory snd imnovative phase in adult-

heod being preceded by a docile agoeptive phase
in the tecns and twenties,”

(3tenhouse 1371).
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Studonts are not likely o be techniocal st intro-
ductory levels =d then sudienly innovrtive at lestor levels,
Tanovation is most likel to arise in certain cognitive styles;
for axanple in "dlvergers' (iudeon 1965, 10G3) and in 'negoters’
(2 tenhouse 1571).

“he vocational enphasis ‘n dlological cduncation
rreviously oentioned, doer not snhance theory nor encourese
students who are theoretlonlly orfentated, T™Me ray croate long
tere detrimental offeots to béolopicel regearel, 'SBaric' rescareh
will dry up throusgh being 'teckhnicist’,

"Teehnnloglical advance must ultimately

become triviel unless 1t 1o drawing uron sube

etantial and continuing innovatlion at the

basie or pure lewvel,”

{Stunhouse 1:68).

% final feature scomsto be tals, "echnicel biolosists
are proficlent only at the siills (which mgy beo very complex) for
which the. npe tralnet, They are not 1likely tc so outslde their
sphare of tral ing for a future vocetion, Unce trained for a Job,
o tochniocal blologist becomes confined, 7Y¢t with certein future
changes n tochnirues, sad resocarch eguipment, ilo possibility of
technlical biclogists bocoming redundant 1 real, T¢ 1s likely
to be more real should 'technieist' dlology be further euphasised:

"Tt 13 possible that many biological

groduates will have to ascept posts in which
their specialised knowladge of biology is not
used as such, Por spprecicble nushers of
university snd further eduscstion stulabs,
the Vorking Group suggests that o genoral
scientific education would be more appropriate
then a2 conventicnal voestionally crientated
Sourse, "

q—qormo»nu#ul-;sw Biglogist,
$nl.13.m.l;,nm1 + Page 176). ;
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'"TPecknielist' bhioclogy deals with speeifies, but 1t Aces
not atlempt to tie these specifics into one oversll theory, The
quotztion *bove advocstes a general sciemce educstion in the
hope that adaptahility will dbe attained, The contention of this
thesis differs, 't 48 possicle that a peneral course ¥ill consist
of a different renge f specifics adled together to develop a
science curriculum c¢verloaded with facts and experiments, ¥ hat
seenms necep:z8ry is & ro-assessment of the natur and pLi ane
i feo oy in selenee in general, and biology in rarticular, °t
would seom that If introductory blology atiem-ts Lo develop
theory, two conscjuences may follow, Tirstly, Tthinking' and
'adartsble' technicians v!!l enter ‘echnical «nd urplied biologr.
lcal fieldr, These ndapteble tecit.ical blologlists may themselves
siow {nnovative tendencies, Thelr retraining, = ould iv prove
necessary, would not be 2 prolonged proces:, “econdly, the
trained technician mey not of necessity need Lo de conflned in
the job inteo w ioh te lss been trained, 2 may find thet iis
teohnica: skills are of a dveided advantoge in other seemingly
rexacte fields, This le ter situstion iz not & reality in current
'technieist' blology. Mlolegical selentists, if they study
soology, botaeny or molecular biclogy seem to be destined to remain
within the field .a which they have been eduoated, 'f bioleogiocal
educetion was less technlical and more theoretically orientated, a
situation cutlined in a recent "lgw Scie¢tist” may become more
eommon

"The idea that & higher education in selience
is vocational, but the study of arts is not, is
bred into the sclience student - implieitly

by Ln‘- and school
teachers, Later, the belief perpetuated end
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strengthoned by university lecturers md careers
boards, Tie view of a university education as
enything othor than a straight forvard meede
tiocket for the rolentifically oriented is a new
ome - not necessarily new in concept, but new in
that it 2ust now be acceptel 28 a coring to terms
with reality,

‘s the job unrket stiffens, the pgraduste
will have 40 do more than wave hls diploma like
a maglic wand: he ~ust use 1.is initiastive in
assesaing what ne reaily wants o do, Mnd Just
as many arte gradustes have found thair way into
sclence-based industry, verhaps the scientict
should now assert the usefulnoss of lils education
a® a tralning for life ratier than ust a tralning
for a 'ob 'n sclenon ... “lvan a relotively free
Job market in which scientists are wldaly accepte
ed in nonegcleontife obs, 8 ortages mmd syrfeits
of aciontistes in scientific ooccupsztions would be
evened out by econonic motiveted mobllilty between
sectors accorling “o chanres In .anand rattoms,
ut Low dues a sclentist get o 'ob ocutside
scienca: wi.at does ne 4o Te talked tu oix
solentificully trained people, w'u like vurnolwes,
do not prooctioe the sublects ¢ o7 atudied at
wmiveraity, but bring a nseientific background
to a nopeacientific ares,

n the end, solonec is = way of locking at
tha world: Lo cun say of any Job tiat 1% will
ot beneiit r'ron belny ocoupicd Ly zomeuna w. O
louks at it from 2 sclentific way:”
”'"'-B‘: gielltm" A Ohe :,:‘O' .';’J. ?:'_)“’ \ a:” 20 1 1?1. 78{"0 ;c‘}’;‘)o

Mologlical 'vays of lovkiw at the world' cre not likely

to aocorue if blologists are educcted in epeclifiecs, '7uys of

looking at the vorld' are implicitly thevrotical, Tt 1s therefore

possible for biology to rotaln its vocntional orientation while

also 'noorporating theory into curricule and courses,

The Now Solentist intorviewsrs then go on to outline

the capreers of sclentists working outeide of selence, These are

as followsa:
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(a) A physieist who works as a librarian.
(») A botanist with em honours de.ree who is & soolal
vorker, “he comments as follows:

*T have a vast nuwher of cases to deal with,
fach with different priorities and urpenciles,
end »itn diferont time sconles, You need an
orgenised mind and & corefully structured
approsch « as well «8 cocpassion - t0 be able
to cope with it all, My scieatific training
definitely heilps me,”

(Mew “clentist Vol, 50, o, 752, i'age 457).

(o) 5 maticsatlice graduate who works in science aiministration.
(d) 4 nethematlcian w o 18 an editor and pudblisber,

(o) A biochemlst who works ms =n econonist,

(£ . chemlst who works as an econorist,

TF biologleal aducation becomes less ‘technloist!
it may be trat more biologists may becone involved in carcers
outside biology, to the alvantage of oiolory and the occupetion
c.unen, 'weory could, 1Y developed, actuslly oncorage Lioclory

graduntes to neek emnloyment cutside blolosy,.
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B, “Experiment” In "New" Biology.

Present blology rates 'experiment' as paramount, Tt
see s to be held that 'experiment' is a feature of 'mature'
sciences such as physies and chemistry, Biology thus i1s meturing
if it inculcates 'experiment' into 1ts subject metter. Vhat
Thornton (1969) clalms for science seems slso apt for current
biological education:

“The Committee suggested in seve! places
that many eble students are deterred by the rigour

of school seience especially when that rigour
degenerates into a grammarisn's formalism when it

is bolstered by an lpordinate bulic experimental
work end when :t is overlain with vast bodies of
factual information,

(Thomton 1963),
Biologlcal education mimicks biclogical researe!.,

Reasons for aocepting this view appear to be as follows:

(a) 'Seperiment "n 'n Tntegral Mart Uf "Ceoientific Vetiod'.

Firatly, 'experiment' forms n ivportant and integral
part of 'the scientific method', This method is promoted in many
text=-books, Tt seems that it is the only way in wi'ch lypotheses
can be refuted or confirmed. (Tee Veisz 1347). ! 2condly, the
findings confirmed by ' xperiment' are thought to be more real
than findings derived from 'mere' observation, Experimental
operations are apparently meant to ascertain the reality of any
given situation 'truthfully' end 'objlectively', Thirdly, most
text-books promote 'experiment’,

"A hypothesis must be subject to some

sort of experimental test - it must meke a

prediction which can be verified in some way -
or it is mere speculation,”

(villee 1967).
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"ixperinentation omn provide the nocessary
evidenca, and whosocever then experiments after
guessing at snawers becomes truly 'scient!ie’
in i:is spproach, be he profes-‘onal sclentist
or not."

!“oloe 19€7).

"M e solentiat wst set up an experiment
in v loh the hypothesis will elther be asuprort-
ad or oontradicted, "hile 't is uften difficult
to do, ull fectors except the one to be bested
must be removed or accounted for, e refer to
ti.is one factor as the single variable or
experimental factor,”

(Otio and Towle 106",
it seems Lowever tial no. all biclogy has been sade
experimental or indeed can be rade experlimental:

"Tt may sound derogetory to the viological,
end vuos more to the avcial colances, to say ¢ at
they are dzecoriptive, Vot it il tmie - in rart
bacause of the historical development of the
sclances wiiicn has seen the ticlogical scienccs
pasz frox the deseriytive Lo the eapcrimenial
2tege of methodology more rocently tlan did the
rtyaioal sclances,”

{Class 15,

“his stotement was nr-de by Class vhan he war chalrman
of “he "1ulogienl otoncee “urrioulum “tudy (5,7,(e5,)s e
earhases of this currlculun are reflocted in ‘ew "oalsnd curricula
in biology. Clase distinguliethes between Jrscriytive bivlogy wnd
exporizental biclogy. ''e also implicitly maintains that the latter
is desaired, Text suthors, it has been scen, sophasise experimenteal
aspects of blology. Moth Glass =nd text =riters imply that blology
Already has become exrerimental, and that there is no longer ny
necessity for deser!;tion or cbservation, Tt would seem that this
is a situstion where a prescrirtion is masquersding as deseription.
{"tenhouse 1372). To say thet dlology is experimental is to
degeribe a situstion, "owever to maintain that it is desirsble
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for biclogy to be exporimental is to preseribe. Thus the laiter
statement 18 argua le., Text writers ond biclogiecal eduostors
uften, Tor reasins of expediency and clerific:tlon, make aprarent-
ly descr’ ptive statements to act es closks for presceripticas,
"hey ar< maintainling thet experiment i important for biology.
“he 4] "Terence ar'ses vhen such statements cye put into pre-
scr ption fom - experiment sught tc bg important 1n blology.
?ip latter stitement 18 ore open to argument, Text writers and
ourriculum saiters do not s«am to want arrunont, To present a
prescri tion as a desor! ti.n 1s to give the rresor! tion a
derree of 'fagtunlity', and Tew peoople, #.udents, or teac ers
im: lementing curricula, dare to ar ue with *facts’ f“tenhouse
1372%

Soth sentenoes previ usly quoted by Class) on tho
eurfron et least, lock Cactual, descr’ tive, wmd unargusble.
Tet cluser ‘nvestipgrtion revesls a marked contrast between the
tro. "n one sentence he says trat bioclogy ig desceri-tive, 'n tie
next he says that It ig exrerimental, "reseription ecan be reedlly
uneartred, 'he rosition e oscouries seems to be t:ir, "idlory,
irobably most espects of 1t, is descriptive, Experiment ip o
feature of tie advanced sciences, Therefore biology ocugit to
become an exporimental sciemce, !ie scens to maintain that
biology is e poor relatiom to the other sciences because it is
desoriytive, end that ought to move toward ‘experiment', 7f he
had expliocitly stated that diology ought to be experimental, he
would find that h's position wouls be open to dispute, A pre=-
sorirtion appears convineing, if it is presented in 'factual’
and descri tive fomat, The unearthing of preseristions whioh
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exercise in curriculum evaluation, The dJdetall devoted tu experie-
mentation in some toxts (Ltto and “owle 176); “elss 1967; Yew
"ealand "epartment of Jduestion 1767 seems to indionte that
‘experiment' 1s actuslly tre most isportant aspect of biology:

"T¢ s hopeu th'& the course will foster
a oritical arrroach to biclogy with the emihusis
on gxreriment, engu’ry and undorstanding rather
than the accumulection of information .ee 't the
laboratory) 18 a place where acourate observation
is of firet importance, where precise reasurcment
aids observation, and vherm countrolled cond'tions
make 1% rossille to conduct experlrmenta ronm
whicl: clear conclusione cen be ¢ rown by loglical
tiinking, unly by experience 'n the lsbopssory

1c i1t possible o soo wrat scionge really 1a,”

Frrdological “elence: "rocesses nd “atterns Cf
Life", 170, 'apes V1 and VO

If ovidrnoe can be obtnined =0 n ow that W Ve
is not tie case, ilen 1t must be uecepted T.at descri-tive
gtatements, often meie in texts, arc really preseor!: tions,

lefgpe ~..i2 ¢an be carrted out .owever, somo briof
investigetion seems 10 be necesaery to highliesht some reanings
of 'experiment! witi'n She contest of blolu;‘esl educntion,
TLis is necessary, &8 & dooision bes to be male upon Boue of
the characteristiocs of an 'axperiment' in btiological education,

Firstly, 'experizment' may be loosaly interpreted to
mean ‘sny prectical exercise' st all wihilch involves laboratory
equipment, This, despite the point that meny of the prestical
exerciszes @o not heve the classical characteristies of experi-
ments as dofined in the textebockiprefaces and introductioms,

A second interpretetion of ‘experiment' is the one
wiich 12 usually cutlined in moat texte, 't involves the

simplificaetion of phenomena to & single experimental varisble
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which can be used againat a 'control experiamsnt' to test an
hypothesis, The "princirle of parsimony' is 2yplied where complex
roality is pared doen to !ts barest easentials, This can be
ladelled the *clas:-ie' memning of ‘exeriment', outlined for
examrle in Utto end “ovle 173} ond in Villes “13¥7), This
rurticular Interpsatation is usually the one ‘ncorpornted into
disocussion of 'the sclentiffic metiicd'.

"Hirdly, ‘n the educational oontext, e p riment® nay
nean ‘doing original practiocal work', Th'e could invo.ve epplying
the cleaegical exyerimental rprocodure, or any uther vrocedurs, to
an aspect of blolipy not previ usly accompl!sied by biological
resaerc., 'n tr.is cuse the student would be scting as a mature
bivlogical v scarci er, "he ritustion whera the student ia =n
actusl scientist as beon outlined [ ‘usubel 165,

ourthly, a 'fleld axercise' may be labolled 'experi-
mentalls U'sually tre exer:ise involves date collasct!on, sad
am iricul procedures,

“hese are but four interpretaotiona being glven to

‘experiment' in present biclogical educution,

(v) "Zxperiment’ Helps :tudemts /ogulre (roctigal Skills,
Deing aoquainted with bioclogical ajparatus is lmportant
for all blology students, Skill in the use of sveryday basic
tecinigues must be incorporated into courses and curricula, Dut
once e sikill has been developed to an acgeptsble desree, there
soens little need to comtinue with repetition of the same skill,
especially whon time is at & premium, Yet many practical exercises
belsbour the obvious and involve repetitive use of the same skill
for a nuaber of exercises, 7his claim can be Justified, becmuse
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meny of the exercises involve @ biological principle, very
obvicus to students, which could be presented to them formally,
There seemus iittle need to impede the comprohension of a simple
princirle by having to spend a great deal of Lime upon striot
obedience to a set of instructions in a pradtical menusl using

alrealy well accomplished leborstory skills,

Four mernings of 'exporiment' hawvo been outlined, ow
dv Liese meanings ap ly to urrent commonly ueed la oractory
manuals? ¢ = exercise, one laboréefory namual wos analysed
accoriing to the four mowunings, \ prean le in .5is laboeratory
manual demarceted two genercl Lypes of experinents,

*The pr-pose of the | rectlical cuurse, then,

i0 0 provide suwe cireetiun Lo your experiences

in bi-l ‘cal soionoce, ne axeroisea we of various

kinds; diffcrent .nes ctress different aspocts of

Bolanoe, | e aye Uungigned tu asyunint you with

biviogicnl thinking, sume Lo aoqueint you with

biologioal apparatus, ' me involve observing and
mousuring; some oukeé use of sbsarvations and
seasurcments wade by othors, [ niabor of eXorcisog
axe rual oxpericents.”

(“Niologionl Sotence: rocesses sl atterns”
Lahomatory ¥mmual 1970 Tape V17T,

It apponrs tiat the author refera %o two sorts of
practical exercises, Un the one hemd there are 'real oxperiments’
end on the other hand there are 'othern', 7t could be essumed
that the "renl' exporiments come under the heading of either
the 'clacaical experigent' or of the criginal ‘student working
es & poientist’ msaning, or fisld-work, or experiments involving
all three mecnings together,

if the 'classiocal experiment' wemning is accepted as
fescribing 'real axperiments’ Iin Lbis particular laboratory manual,
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only one {“xergise 211) could be mcespted as being an experiment,
TP a 'real expericent'is one which allows ‘or original aclentific
research, not one exercise is specifically desimed for this,
“hivdly, 1f belng 'recl' involves field work, then three exer-
cises specifically involve fleld work, If 'real experiment' means
any one, or indeed all of these meanings togrtier, them by far

the greatest number belong to the group cntitled 'otiers', /4 proxe
imately fifty evercises ure outlined altorether in this com-only
used sixth form laborstory menual, )

“hat ciaracteriatios do these 'others' i e&ve in cownwon’
‘hey ril scen tu lnvulve & stepeby-ster obedicnc: to a list of
inatructions to derive a result, usually an obaorvat'on of a
calour chmnge in & test=tube, Oor a roading, 'he kay %o treir
conronality ‘s the 'cuokebo k' nature of the procedure, snd tre
siople observation reju red st the ends "n cssence tho practical
exercises uri technicully urientuted.

Thne tierc seems to be a situat’on of canirastis,
beginning w th sn arparent deserictive statement where 1t was
noted that current Liology 18 experimental, and that this charac-
teristic i3 reflocted in bivlogical educciione In fact evidence
has been rea’ly obtalned to sow that bilologlical educetion is not
experimental at all, oven when generoue interpretations and
meanings are given to the termm 'expariment'., Thus it can be sald
that bebind apparent descri-tive statements relating to experiment
in bdiclogy ere prescri;tive ascumptions, "hat the curriculum
makers and textewriters are saying ie that biology gught to be
exporimental,
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This contrast is further exemplified when the
‘clasaical' meaning of ‘'experiment' is outlined ‘n many text-
books, usually in prefaces and introductions, (See "Pilologleal

cience: Frocesses and FPatterns” in its Introduction, and also
Villee 1367; Keeton 1967; Yeisz 1967). But unce this outline of
Yexperiment' has been made, no furtier reference to it is mede
in the main body of the text, nor iz any mention made in labore-
tory guides,

uoreover, if the 'classiocal' meaning of 'experiment'
is accepted, then very little of the main body of these texts
could be regarded es the 'truth' because a great deal of what
ia presented hes not been derived using the 'classical' experi-
mental method, “uch present {and past) biology would be given
little significance if the Introductiicns &nd prefaces of texts
vere fully accepted,

or does current Lilological rescarch use the classical
e perimental method, A great deal of present biclog' cal res-arech
is 'descriptive-analytical', where rarts are broken tu smaller
parts, and the smaller parts are merely described, Classical
evperiments with 'conirols' and few 'variables' are not necesssry.
for this work, Yet despite this, current bilological educators

perpetuate 'the experiment' as the key to all biological rescarch
as though it actually were 8o,

(& b i 1 .

Another important feature apparently a product of
practical exercises, is 'ocbserving and measuring', WMeasuring has
already been referred to in'guantification. Observation will be
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given attention et this stage, Current biology atteches importe
ance to observation bu" only in go far as 1t is relsted to
practical work, Any other form of cbservstion is "mere specu:. tion'
(See Villee 1967; “elng 1967), ‘bservation it se-ms, ie appliceble
enly at the concluding stapes o =n ezrerimental investigation,
41l cbaervetions prior to exrerizent are eocoriing to current
{olupioal educators, 'unscientifie’,

“1thin tne context of bicloglcenl educ tiom, the observ-
stions necessary at the cuinmination of e practicel evercise, are
clo=r, cuncise and obvicus to any cbserver with normal sensibilit’es.
‘o8t observetions involve sen cbvious eolour chunpge, & resding, &
statistic, a drawing, or some gross novement, conriex or hesy
observations ars scoldom allowed, 'he observition has to be ovbvisis,
"nis 17 in keopling with the Lasarckian pusition cutlined previcusly
by (laget «nd ‘nrelder (1 7)., (ixternnl plctumes are sprarently
being teken into the brain as co les ui' extemol reallty.)

“ven vhan observations o e suprogadly cleer, conclae,

md definite, difriculties erise, "or exam le whan studente nake
a biological drewing ¢ the seme leaf, not all drawings will lock
the same even though they reelly try to uraw exaotly what they
see, Blological sketohers cennot draw as th ugh they were taking
photographs of an identlical leaf, fet 1t is assumed that the steps
of & prectical exercise or experiment, if strictly adhered to,
culalnate in a 'correct' obserwation obvious end identical to all,

Observation apparently is a necessary part of a
practical exercise, But the exercise is designed to maximise end
moke cbservation obvicus and definite. It 18 dofinite, wnd there
iz little need, for furtier interpretive discuseiocn,
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To conelude, the following guotation highlights the
present situation in blology, and aslso emphasises the need for
upgreding cbservation:

"Tt cannot be stressed tuo much in this
age of respect for - one might zlmost say
adoration lor - the experiment, tnat oritical,
precise, and systema’ .o observation is a valu-
able and indispenssble scientific procedure,
which we ¢ nnct afford to neglect., Particularly
in our young science w: need good observers
and the sense of hurry, the urge towards srect-
acular 'breakthroughs' must not be allowed to
be a kind of contempt for non-exrerimental
observation, wh' oh adnitiedly is a2 slow proced-
ure but wiiiel, by trial and error processes
has to provide us +ith our hunches,”

(?inbergen 1364),
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k Need To fmphasise Theory Tn Niology.
The lpgradirg Of The Cbeservational hase,
“he Tnocgpporaticn Of The Rat'onale CF Tatural

itistory Into Jurcent Plolosiecal :=ducatiom,
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Theoory has deelined in blologlosl edueation, This thesis
advocates ite inoorporation, Themafore & strone onge must be =ade,

¥iretly, some introductory coomenta ss to the populer
mesnings of theory, Seeonily, a brief (and by no moan: exheustive)
account will be nade of theory within ¢35 r;m e . 7 the history
snd piilosoply wf seience, Thiwmily, some commemts by rerutable
blologiste will be presented, w.o note tha '‘mportance of' thoory
in biclogy. Fourtiiy, consideration wiil be given %0 nome cunsee
quences for blclogionl cdueation, siould theory de miopted,

Defore detelled discusalion, it hos boen tiw contention
throug:out this theeis, thet the lack of theory ‘n bicloglioeal
education 1n oreating a 'drift' of potemtinmliy good biologists
aray fvom Lhe sub,.ute ¢ Teiurm 1o e emphasis upun theory would
posaibly promot the tttractivemess of biology to ctudents at
elementary levels,

{(e)

“pocry 2n "dology.
{ne vopular wem'ng of theory {s Liat it is the 'gas’
or sbstract talk, Nesecrch biclogists may talk asbout 'wvitalism’,
‘toleonony’, '"entelechy', 'paedogenisis’, 'function', 'rel: ction=
ism', eand 'organicisa’, but this type of discussion apparently
fs far removod from the malitid® of experimental researeh,
Piscussion releting to these tories is therefore more than likely
to be econfined to popular publicatioms and encyclopediss, and
generally will not be found in meny texts,
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Seecondly, theory usy be teken to zean Jiscuss’on about
issues st preseat refa 4 cry Lo experiment. 'L may be that these
1ssues will never be experirantslly disproved or proved, Thus
"tiwory' in thls context may be f little velue for the working
DYolugleal solantiat,

"hindly, theory may be interpreted a3 s contraat with
faot, Uften sune espucta of blology may be oharsoterised 23 baing
"me aly & theory'. “omotimes 14 48 hald that "theoriea' can Lold
un th= path of rooearch in » partioular svea of' biology. 4
raacorch asclentist uould be "tainted' by theory es i rorks, Tor
exat La tha fulloeing qustatizn exylaina $lis idea slearly when
aferring L0 obaarvation:

"The difisulty of cbservaticn lles lorgely

in unsusrocted bilas, “eonle foreaver sec wh.at they
sa3% %0 8¢9, or wizt Tthay gugt *o see, Tt 19

ertremely hard to rid oneself of suc: uwnconneicus

rrajudien, i to see waet setually lp thare, no

nore and no less, "'sat experience, 'comuon knowe

ledme®, m? T tesciors, osn bo mbile cbstacles

Lo correst obaervation, snd even exrerienced

sat2ntisto may not alwaye ave’d thom,”

fiotas 1307).

Presuprpositions, or unconscicusly held assusptions
ngy o, arently prevent a sclen-ist fron getiing at the facts,
Thus thies interpretation of theory can be interpreted as bdeoing
antagonistie to 'fact', Theories could therefore be added to the
1list of obstacles to obmervation sutlined a“ove,

Fourthly, thoory may be equatod with a zetaphysis in
a strict religlous sense, Crick (19€€) maintains this inter-

protation when Lo ngysi

"I bave a strong suspicion th« 4t is the
Christisns and The Catholies in particular who
write as vitaliots, and it 4s th~ agnostics and
atheists who write as antievitalists,”

(Crick 1966),
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"fthly, theory may be taken t. mesn thst vhich upposes
the practiocsl. Current curriculum makers imply this vhen they
meke . . % ments of the following cort:

""he intention w=as rather :0 keep the

volume of fectual nd theopetlcal neterial

to a minimum .., "hrourhout the oo.rse,

great emphugis is placed on practical work

nd on the jevelopment of cosoclated skille,”

(“entor Plology Revision I'roject, Curriculum
revelopment Lnit Department of “duocstion 1370,

All contexts for the meaning of theory esphasiss 1t
in a less favourchble light, Those meaninge =nd contexts Lave
percolsted 'nto current blologiocal education. Theory in bLio=
logical edusietion 4o treated sually dY defrult in curricula

ans text-tocks, by not belng monticned at all,



166,

(v)

Tt must be emphasieed that 1t 18 not intended to give
an in depth and datalled prilosophical aoccount of theory In
soience, Tnetead a fow charecteristics of theory will be outlined,

In the first place, & theory is en abstraction, "y
abstreotion it is veant that theory need not be derived only from
exreriments, 7" one deals with abstractions one also dealp with
logle, and therefore theoriaing involves philosorhy. Rudner (1367)
anphasises the *ab:trast' end philosophical nature of theory when
he statea:

"ow in goneral the context of wvelldatlicn

is the cuntext of our Sonocrn miion, rogercless of

how we come to discover or mtertain a sclentiffic

hypothesis or theory, we raise juestions obout

accopting or rejeoting 1t ... x| arvey came to

think of an hypothesis of the circulation of the
bl«od is & uubatnntive ,uas» on o t.hal stog

tho avi ENAS ;o) ‘a byl maly a

quite difforent question md one bolonging to tie
) 1&2 cpiy g gﬂiﬁﬂimo

( wdner 13¢7).
ioreover them 1s plenty of avidence to show that

theorctical discussion 18 an abstrect nom e luental exercise,
The foliowing dbrief selection of titles and asuthors is supplied
as evidenoe for this:
"Fopper's Falsifisbility, And Darwin's Watural Selection”, Lee. (1969),
"The Bases Of Confliot In Biclogical Explanation”, Lewontin, (1969).
"jechenism, ¥ethodology, ‘nd Biologlesl Theory”, /ckermen. (1769).
"0n Sementic Fitfalls Of Biological Adaptatiom®, Ghiselin. (1966),
"Are There Laws In Biology?", huse. (1770).
"Biology And The Unity Of Selence”, Shapere. (13€9)
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"Urge And Molecular Piology”, Wora, (1363)
"Reducibility: Anotier Side Tssue?] Crene. (1371).
“fitness ‘nd Some Ixp.enatory Pattems Tn Blolegy”, "anler. (1363),

"Footnotes On the Miilospphy Of Biology", “ayr. (16)).

¥ost .f the asbove muthors ( /ora, 'ayr excepted) arc not fauous
experimental sclentliste, Tuey are writers wio del with philoe
sorhical and t.eoretical !ssues in biology. Tt would therefore
soem, 80 far as present evidenoe goes, trat i1t 1o not neces-ary
for reputable blologicel reseerchers to aled be govd theoreticiens,
f“econdly, an analogy may be used to exple’'n what ls
moant by theory 1 ccience and in particuler blology. This muslogy
is suprliied in the imowledge that it probebly suffers {rom inbullt
limitations of the use of anelogies, ''owever, it uay serve to
alimply outline some characteristics, A thoory can be regnrded e
an optical lems, ™ere n'e ar many sort: of lenses as there ure
theories, 7f ob/ects are viewsd through one lens, the objects
that d¢ cose into view con be ~iven the stetus of '"foothoudt
according to ti's theory, ‘nother lens 'theory' whlel, wien
applied to the same 1! enomena -ay bring Into focue otisr ob eots
diffcrent from the firot case, whioh cuuld be ascorded 'fect cud',
This latter lens may blup the well demarcated objocts of the
first lems, Therefore some objleots, observc.le throug: one
theoretical lens, may not be ocbaervable through encther,

A proviso muet be incorporated at this stage, Tt will
be noted that the temm "facthood’ has deen used, This i@ so,
beceuse 1t 48 logically not possible to observe faocts:

"We observe objocts, procosses and

events, Put facts must be a different kind
of denotatum, logically different, Ye do not
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observe fasts (what would they lock iilke?).
Faocts are not objects, or coilections of
objects, or cunstellations of objects, Facts
are that e.ge & boe wille surping
a flover's nactar gathers pollen om its llmbs,
later depoaits it on other plants thereby
fertilising them, A statement to that effect
would be true, or falee, in virtue of facte
of th's type = and not becnuse of tha gimple
existence of bLees and {lowers, and certalnly
not because such facts gre bees and Tlowers

or the geomstriocal interrelatiomships, or

true statements about them, Facts sre what
true statopents stetel,

{“lanson 13727,
Tenson further amplifies the <'stinction betreen
‘faoct’ and 'facthood’:

"Noting the conceptual intimacy which obtains
between 'tia facte' anu statemen'e about the facts,
oweover, sugeests to othwp pi.llosophers that tlere
can be not ing logically less comgplicated sbout facts
than atbout the statewents thomselves, “ince state-
mants are conoeptually more intricete then names, =20
also facts must be conoeptually rure 'ntricate then
objects; more intricate than objeot clusters too,
The theory=laden charseter of 't.e facts® soon comes
to impress such thinkers even more foreibly than ‘o
the gase with observation, “or w».atever 1o 'out
there' that makes us syy (truly) tiat ihe spaoe
imredlately adacent to our 2un I8 non “uelidian,
or tiat the syamelry projerties obtalning within
our universe inalc te the existence of an anti
particle corresponding to esch kind of familier
particle now known - these 'wi.atevers' must count
as facts, Such 'wiatevers' are accoruad 'facti-ood’
beosuse they 'anchor' the least wulnersble state-
ments within exent theoretical physiocs. lhe puilo-

A

' are oconditicns a subject matter
meots such that a given theory might be spplied
to it « the boundary conditions,
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the subseguent interchenge could be describuable
as ﬂhlll. m m .?‘tttmnim ““ ! seae
the fact that 1t oen be described by "ewtunien
meghanies asserts nothing about the world; but

asserta something, namely, that it can be
desoribed in that partioular =»v in which as a
matter of fact it is descrided' . Practatus
Logleo Thilosophious" London 1927 p 342).

Toss'ble sclence Ta thua = potential
infinttude of posstole theorles - scientifio
idsa £ 98 see

ees 80 taking 'cognissnce of the facts'
is mueh more then simulating end emalating a
hypersensitive data roceptor, Un the other
hand 1t also s=oms to be more than 'uzst the
clamping of a scientific theory's rules =nd
definitions upin the world, tlereby solecting
5¢ study only t ose subject matters w:ich are
co=orerative vith the exant thoories, lathep
the facts emerge as the world's possibilities
for being desoribed in some aval isble lmnguage =
which posslbllities will be every ‘it as 'theory
laden' as tue dosori-t*.ong tiiempelves are dis~
closed to be, (Could Esiie® tave expressed a:
a fact one 2illion yesrs ago?” Por whom?'!'s nd
this will be so wshether these lescrirtions
concorn only uimple colour registrations as in
titrations, or intricate sim le nunler mozigne-
ments, as ‘n most standard cases of measurce
ment,”

(anson 1772 .

“henomena are accorded 'facti.cod' unly vien tioy ieot
tie gonditicns of e theory, !f the i enomena do not meet the
conditions of teory then 1t is diffloult to see how such pheno=-
mena can be accorded 'fasthood', Pacts therefore, are, L0 use
Hendon'e term 'tieory-laden',

Noreover, 'ianson recognises the wh-le spectrum of
theory fron the '0ld Vives' Tale' at the one oxtreme, to more
or less permenent and etable theories at the other extreme,
These permanent theories heve beea tx.?n:sacol as
'facts’,
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Hanson doer not discount the more ‘'de-facto' uneories.
A current 'old T ives' Tale' may, with time, bring into focus
sore and more cleerly, sufficieat phenomena to attain the status
of reputsble thesry, Alternatively, what we hold to be respect-
anble theories at ~rosent, may be tr-ated with indifference, or
even laugned at a hundred years from now, ! ‘nexamrle whioch
immeclately comes to mind 48 the change in theory relating to
the past 'heart ettack' care of patients, "hynical exercise 1s
now, but was nct provicusly, sn ieportant sspect n the reliabe

1l1tation of coronary ratients,)
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(o)

The following 1s a quotation which may serve to
exomplifly some of the characteristics of the way the tem

theory 1z used in ocurrent biology: Tt has alresdy been used

but is also important in th's context:

"There have only been two pieat theories
in the history of biology that went more than
a single step beyond immediete interpretation
of exjerinental yesulte; these were orpganic
evolution snd the central dogma.”

(Stent 196B),
Stent iz implying ¢t at theoretlioal mspects in biology
are important. fle implies t.ant in some vay they determine
oxperiment, but he coes no furtier, Jtent is a rogpected moleculor
biologist, and ie a friead of Crick "“"ee "Uf “olecules ‘nd en "
1367 ¢ 25) . “oat moleoular bilologists would prefer Lo Lbe regs:-ded

as non-Lieuretical vlologiste,

"A good deal of theoretlical biology 1o
misunderstood by moleocular bLioloslsts wio by

and lerge call thenselwes 'non-thcureticel

biologists®, and think of themselves ag the

taehetype of the experimental bioclogiat, beoouse

they ave concermmed, not witn exciusion, but

vith ~camplete specification,”

{Lewmtin 1963),
Stent, in having sympathy with theory, seems to be an
axception rether thean a rule smong contewporary molecular bioe

logists, Crick does not appear to advovate purely biclogiecal
theory when he states:

"So far, everything we have found can be
explained without effort in toms of the stand-
ard bonds of chemistry,.”

Furthermore, Relner (1968) does not hold that bio=
logical theory is important when he states:
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"Selentific biology has nims and tsotios
essentially sizilar to those of physice and
chomistry,”

The reputeble current molecular biocloglats downgrade
theoretical aspects of biology.

Commoner, & ourrent commentator ond seiontist, also
notes the decline snd ultimate erxclusion of iheory from biology
when e states:

"Ferhans the oldest - und most profound -
theuorecical probles in biolopy 1 what mTght be
called tho nature of the living stete, %y this 7
mean the eofTort to explain the cur’ocus paradex
that a living organism, des;p’'te i1¢s unique
capabliities for growth, self dupliestli.., &nd
inheritance i nevertieless a mixture of sube
stanoes which sre separately no more possessed
of' 1ife tien the more prosaic molecules thet
naver ococur in cells,

ees ‘Ov tie debate s pears to be over,
“here 18, ve are told, a constituent wiich 1s
indesd 'a llving molscule' - U,i,n, which has
within itsclf the basic property of life, self
duplicstion, and which guides ths behavicur of
all cther cauponents of the celil.”

{io-oner 13£Y),

vom-oneyr in tile case Is referring tov & great theocrote
fcal issue in bl logy notably the Aifference between llving
things mnd non Jiving substances, Current blologiocel eduesation
agrees with the point that tlies debate 18 over, /ipparently
madapn hinincy has replaced theory with well estadblishted fact,
It seems that new biclogy is anow suecess.ully eroding old theoret-
ical issues end replacing these with experimental findings,

veiss (1970) notes the decline in theory:

"True, some 'greet gquestions' are =till
fasiliar through the currengy of thelr names;
but like the names on tombstones, those ure

Just symbolic mementoe no longer denoting the
essence of thelr defunct carriers, The problea
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of 'organiom® and'organisation' is a good
exanrle; Other questions have s'mply assumed a
verbal puise - perhape nore adequetely phraced,
though not necessar!ly neaver t.o osolution, “uen
a one is the origin of life, "t4ill others such
an tie mind=body duallem have been relegated
to the sttic of philosophy ar belny beyond the
ken of seienor, Yet, on the whole, it myone
wants to find the 'great oroblems' of bdiology
oxplicitly trosted in current llterature, e
oudt tum . encyclopadlas or the r»itings of
iasturiens, 'generalists' or 'publiciotst -
an. writers of soienoe f'iotiun - rav er than
to tie literature veporting or suwmarising
benoli research.”

{ eiss 1770).
"eliss regonds the great theorctionl guestions of
tiolugy az besoong or gpu'des for researe, Currently, ne maintéins
this use s nut bolng mads of ithe theoretical 'great problens’
in bioclogy. ¢ furt er explaina the position by stating:

"“eally notiing more drastic ia celled for
ti:an to bring back inte (ull view =3 prs arch
targets the Taded age-old unresolved *grest
gnesticna® stripped of the sbscursat vard’ cge
which Las enveloped them, Teel out the’p egsenttal
naked kemel2 of clearly »nd cbjectively ciroum-
soribed phonomena end prupertiesg, Lot inzginative
rogoarchars drew a bead on tlem, md find st
vheticor the unve'lled rrobleas yield to explanati n
in t rms of v st we know (thay probably w51l aot)
or whet!er we must expand the t'rame of our cuno=
ents in uplor to encorpess mnd sccommidate thom,

"hore zre meny curious mnd roscurceful
studente in my acjusintance alone v . are bored
and dismsyed by their enforced engagemont on rote
mopping up operations in the qest fur knowledge
in sectors where the front has alreedy Leoome
stagnant, ' have no doubt that they, d cany
like them, would welcone the challenge if only
the goel were presented to them concretely and
realistically, @d the feasibility of an approach
to it plausibly ‘emonstreted, My faith in this
segnent of the now generstion - not necessarily
large in nuabers, but isbued with the visiom,
courage, steadfestness and versatility of pioneer
explorers - prompts my prediction that on the
whole the downward tide of research tronds from
quality to quantity will be stemmed and reversed,”

(W.u. 1’70) .



At present the general viewpoint seems to be thet
es the faots come in from researeh the theories (the greet
questiong cutlined by "eiss) get thrown out, Crick (1967) agrees
with this viewpoint, when e refers to a great controvernial
questidn in blology, notably *vitalism®, (Vitalism s a tleoretical
position whioh postulates a *life force', w..ich nppesrs to be
refractory to experimental procedures.) crick (166 states:

™ hen foolte come in the duor, vitalism
flles out the window,”

Thare seem to be two competing jositions:

Une, the current one which derides thooretical lssues:
the other -dvoeated by “elss end a minority of bi:logists whieh
manta'ns a need for a return te theuretlieal issues,

"ar nernore, there seer Lo bhe tvo rossons for theury
and thooretiocal lsauer to deeline in bioleplosl education,
“iratly, there i the assumptiom ti:at current Iivlogy 18 & none
thecretical enterprise anywey, “eoondly thore g the clo'm Se'ng
made oy bLiclopglets that sclentific "faectual'! .lscoveries huve
demolisned many or most of the formerly held speculstive theories
and theoretical issues, Dotl. of t.ese¢ roanone are commun to tre
erea of molecular diology, "eiss, a blologist of great traditional
stending, strungly dlsagrees with the asbove two notions, claiming
that ‘a downward tide of rescarch trends' will continue, This

thesis maintains a position similar to that held Ly Velss.
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Ao

In stressing theory in biologiosal educetion, it s not
the intenticn b0 devotes all emrhasis to & pvartioulsr theory, Nor
is it intended to make gll blology thecrotical. (m the o ntrury
it is contended thai tiheury should be given en iwportent lsce in
blologicel edueation, "or exam: le, <uestions of the following
ty;es oould be used in thsoretical discuasion: ire humons solely

th. merey of their genes? Does ontopeny slways reflect
pi:ylogeny’ T"oes present biclogy account for vitalismi s vitaliam
importent enymore.

™he "Four Tillars Of Unwisdom” outlined by “oestler
{143} ocould, for ezam-le, form a guod basts [or ‘lscusaion:

“(1) ~het biscloglcel ovolution 1a the result of

nothing Lut randun outstione srescerved by
natural selection,

{2} Thet mented evolution ia the result .f nothing
bit rendom trisa ureserved by meinforcomente,

(%) Thet ell organisme inciuvding “en wro nothing
but passive mutomatn, controlied by the
environaent, w.ose sole purpose in fe is the
reductiosn of tenaions by adaptive responnes,

(4) That the .aly sclentific method v.rth that
name 1s quantitetive messurvoment, snd, oon=
sejuently, that com lex phenomena must be
reduoe. to aimp e elements socessibie to such
specifiic aharaoteristics of »n compiex
phencasenon for instance Yan, may bs lost in
the process,”

(Koestler 1969).

(A180 noted in a fNeview in | Vel. A3 No. 618,
SM a' ‘”’. P* b5 poe).

These points provide good catalysts for wide theoreticsl
discussion of important blological iseues, Lamarckisn theory,



currently neglected, in most biological textebooks cowuld also

form a basis for discusslon, Tf current texts are an !ndication
Lamarckian theory 1s e thorougily bad theory, Tet tiie implication
oan be “supered by an opinisn pressnted by ardy (1765):

"7 em now going L0 say a goo' deal cbwt
ghianre of habit or beiaviur. Chenge of Lalit as
a faotor in evolution waes of course the great
contribution made to bislogical theory by Lemarek;
a comtribution =hlerk; as wo Luve soen, has been
largely reected or neglectod, n estressing thls
factor Lamayck wes, I believe, absolutely right,
In saying this ! ust explain tist T am not a
Lemarckian in the generally aocepted sense of the
ters; 7 do hpt belleve that chiange of habitet een
influcnce ovolution through ~ su voged inleritsnce
of chanres in bodlly structure brought sbout
g4 * by a greater uce of some orpane and a
lesser use o others, | cortairly feel, hiwever,
that Lanarck deserves ~uch mire eredit thon he
rets at prosent, for disocyning the great import-
ance of the behuv! ural side 'n the wor ing of
anfmal evolution, 7 cave 1ittle doubt that he will
get ti's coradit *n tima,"

(ardy 1%,

axclasion' n "lologicel Jusation.

current text-books are noted Tor thelr enormous 2'ses,
it would appear that thia is a necessary corollary whicn comes witi
the "knowledgo explosiun'. The text=books sre continuing to get
thiicker, If th's additive proocess continues it seems probable that
en 'information ofisd ' 1s ococurring in bioclogloal education.
lesearch is contimuing b e fast rate, The (indings derived from
research are published in research Jjoumals, Textemritors and
curriculum makers glean f'rom these joumals, infomation to be
incorporated into texte-books, The problem of the 'in‘ormation
erisis’ 1s continuing to increase:
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*Twenty five yeers ago, a precticing
solentist could keep up with the l!tercture
by spending part of every week Iin tho library
reading roova, glanoing at a few dogen joumals,
noting ti.e existence of perhaps that nusber
of articles, Dy fifteen years ag., ihe nunber
of relevent articles hed becoue so large that
scientints bogan $o mly '‘noreasingly on
chatracts, nd nowadave, sven abotraots have
becime to numerous tu read, vne of the sost
revealing dovelopments in the literature of
science, hs-. been the publicetlion of a new
type of periodieal w» oh simply lists now
articles appearing in several !undred sclente
ifie Jjournals by title « about 2,000 of them
weokly."”

{Commoner 1963,
Text-bockas add information In later oditioms, “elion
does new informetion rerlace the old, Ue Teer (1)) notes that
it is mistaks to rcoept this notion of Ve additive features of

scientific knowledre.
"ie wore and more 15 disoovered, tore
and wore myst be tamugt,"”

surrent Llclogieal education sccop’'s tils adlitive
process, ' .eeping current’ g an iujortant aspect of dlolugical

educntion,

Ce *lelge Current' In Bdoloxcnl Zducatlon.

"The grestest overall threat to a selenee
education that aims to remain viable end useful
for & long time is that it will succusb to the
temptation of being curpent. “ith a greet burst
of seientifiec discovery having taken plece in the
last guarter of n ocsntury Just behind us; with
half the scientific literature being writtenm in
the last dosen years; with half the Ph,0's being
awarded in the United States in the iast . .no
years, the urge to be current, tc be modern s
unevoidable, Tn proper measure, it is escential
for the orientation end motivation of the student
and for the establishment of the bench marks by
which future development is mecsured, In exgess,
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{(Doty end “inderg 1948),

The revised editions of texts, the need for updating
curriocula, ind'cate: that writers of curricula i texta cre nost
concorned shout keepi g up to date with informetion, Sinece aclence
is aivaneing at en epparently ranid rate, the problem is very
significant, Farlier Information gleaned by texteeritars from
Journals, may, rithin one year becomwe cbsvlete, 7et texte-writers
prefer o gdd to texts, ratier than discerd oldsr, noscibly
doubtful information from texts, "he checr guentity of ~ften
doubtful ‘nformation to be zone thro:gh by studonta, —ay be
inurmountable. 'f excessee are allowed, then the drift from
biology 1= corpounded, "t nuuld sppear that mony te te are out
of date by tiw time they get printed.

*h's problem 1s made worse mhien dot=!ls or descri Live
apecifics, ra hear than peneral princi:les, ure ea rasised,
Cenerally, it 1+ with the specifics wiere the clangos ocour, “or
exwnple some photosyntaetiec substrotos accepted as 'fact' in
texts mgy, right now, be no longer coccepteble in lant physio=-
logye The present i{mportence sttached to 'being current' in
blologicel writings oreates problems for blological education,
where students may be loaming descoriptive detalls no longer
agcepted in blologicel vescarch, The incorporstion of 'theory’
into blologlcel education could reduce this need to be current,
Theories are more resilient than specifics,
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"It saves trouble if theories md

hypotheses sre pregented es fagts.Yobody ‘s
then tempted to argue ageinst them, The tims

and temrer of the teacher is caved, The fect
that under thieg sort of regime, education has
degenerated into mlseeducction is ¢lither not
noticed or else ie 'er ;! ined away' by some
fag!le rationalisation.”

‘Svenhouse 1171,

The aeceptance of tentative findings @3 though they are
facts is termed 'feotualism', '"Faectuclism' las already been
cutlined, but its relat’'on to thesory 'us net yet been discussed.

*ractualism' osn originate {rom three sources, "irstly,
there is the treatmont of prsbsble tenta’ ive findings in sslence
ez feaot, “occondly, 'simplistie’ not!ons may be developad then
treated ne footual, T some biologlcal phencmencn 1s cimple =
it can be deccribed a aisnle., Yet there are instances in Liology

where complex phenomena ore treated as tho i thoy vre sigpie.

These kinds of instsnoces cre 's'aplist’ o', "ext-bucks, for examle,
treat the theory of Lamarck "sisplisticaliy' rat <r then eim: ly.
A sivplistic noticn nllegedly simpli“ying & coaplex issue for
ease in explenation o expoaition is thus also 'factunlistic’.
Sometimes these 'pimplistie' notions are tsken furt.er, They are
prescri tions harbouring under an cura of description, Statements
which incorporaste 'it would appear' and 'maybe' are oftem not
used in most stanard texts, Tt may leed students to doubt what
is written, Thus most texts explain tentative and provisienal
findings in definite 't is' factual terms, (Steahouse 1372),

Thus, in not wanting readeors to doubt or argue about
what is presented, text writers and curriculum formmistors
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emphasice desor ption and desoriptive elements in biology., They
emvhasise .. ' tion even o the poimt of surreptitiously or
knowirgky substituting provisional aspecte, s being deseriptive
elements, If this 15 done, explonstion is made easy, A 'perhaps’
astatement is written Into a text or curriculus ns sn "1t in'
statement, The student can then lesrn 1t es a fact, "he trans-
formetion of preserijtions is .nother source of the general
condition of 'factuslisn® currently bdelng emphasised in blologloal
aducation,
"If o prescription is put forward openly,

reople may disagree with 1t, There 's o realth.

streck of ‘tcontreriness' in most us. Tf it is put

forward es though it were & deucr'ptive statement

of lact, however, most of the 'ecntra' reactlion

is inkibited, il ody wants to lock az though he
is argning egainst the facts.”

(" tonhouse 1/72;.

Theory and thooretical lssues in bl.logy would promote
‘contra' viewpoints. 'he provisionality of cspects of blology
would be hilghilghteds Fresent text-books ond currioula do not
allow for this, “easons f'or this are 4ifi'ic 1t to elaborate,

One reason 18 that of expediency, escriptlon {and
that wh'ch nasguerades es deseription) is easier to present in
e text or curriculum then to have a long complicnted type of
discussion with many provisos ebout theoretical issues, Tt is
also more expedient for a teacher to teach 'faots' with cramed
class progran es, F'reparation needed for theoretical lessons
and discussions would take longer ond be more intrl~~*~, than
the preparation necessary to present facts by didactic expo-
sition, practical work or demonstretion,
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A second reason is the viewpcint which advocates the
'non theoretieal' nature of biclogy., By being 'non theorstieal’
biologleal educators ocla' nm to have no need (o oonoern thaemscelves
about theoretical issues; or iscues which arpear to be open to
doubi,

A talmd reason !s that biolagy, 1f 1t 1s to 'advance'
must take om the charsgteristics of the more 'mature' sciences,
for examyle, chenistry snd physiocs, Piloloz'oal eduoators seem to
asrume that physics is o descrijtive end non theoretical science,
1et few physicists would nold with thiis arsumption, Thia has
alrea'y been 2iscusced n detail, {For ewam-le 'ielsenberg 1758

Bohe 1332; !elbiuck 1343,

He '“ecductlonian® In Blologicel duoction.

‘nalysis creates on enorasus inereace in the lubelling
and description of new subztances mnd conpounds in bLioclogy.Previously,
or examrle, the detalls of resp'retion . culd be desoribed in o
few lines, "cdgy the detailed features of respiration may reguire
pees as & result of the emphasis upon snalysis of metabolic
pathways, “orcover studen 8 are requived t¢ leamm the sejuences
of glyscolysis, Kreb's gycle and terminal oxidation,

Ultimately the amount of descriptive data will be
indigestible for students, Some form of exclusion seoms necessary.
The incorperation of theory may serve to bring about legitimate

axclus'on,



182,

A *Pagt'Tould Me Teduoed.

The ‘imowledge explosion' can be sverted in biologiesnl

educis iun,

Sfurely faots fom the basis of all science, '‘ow cen
facts be roduced? "iology aims to reveal the truth, “actuai
information suvely is most important in bioclogy,

o one cen deny that facts are important in bilology.
“iologicel educeborn, desrite clalme that they are stresaing
princirles =nd processes, deal mainly with facts, The princi-les
and the process.s, in the-selves, take on faotuel cloaks, and
ere inundeted with descrirtive detaila, The problem, however,
ia not 80 zmolh o co with fect bud wit: *Sfactunlisa'; and tae
distinction betwpen the two !as alrealy been discussed.

Altematively, blologlcal educators clala that the
problem of the 'informmation expl-sion' can be reduced, If *he
metiiod of deriving tio faots !p known, "hls method is popularly
kn'wn as 'the sclentificvethod', These two featurcs, the fast
side of blology, and the understanding of the prucedures of
blology have formed the bdases of curricula since the eighteen-
forties. (Layton 1972).

¥uch has been written (Medawar 1963, 1969) on the
‘siaplistic' notion involved in accepting the 'seclentific method'
as o single slleencompassing method for lu-lv!ng the 'truth', This
oetiod 42 glven great import by text-writers, 'iost give a great
deal of detall to it in early chapters;
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"You will often find a falirly precise
pattern of investigation will glve the most
rowarding results,

Tnitially you should try to identify
the problem you are golng to investipate,Tt
often pays %0 write it out es a stetement,
Tou should then search tha ava'lable liter-
ature %o relp build your background informe
ation - 1% is here we lope the textebook will
bo of assistance, "his knowledge, together
with your vwn observationa of' the orzgenisa
or situation, s.0uld then be surveyed Lo see
what information can be discarded es be’ng
irrelevant to the problem end what patterns
or generalisstions are apparent, Lszing your
background of knowledge md understending of
biology in gemeral you shiould now seek to
e:plain why such a ;attern or rel-t’onship
mlgnt oxist or appear to ex’'st - in other
words you sre developing en dea, theory, or
hyrothesis, You or your class may oven (ave
sever. 1 difforent ideas, VYour next move is
to sugpest ways of testing your ideas, " hat
experimonts co:ld you design to test your
theory” our responses to sucoenses and
Tatlures will be a measure of your abllity
to overcoune obatacies, and at ti.e smume time,
gou will know the excitement of adveniuring
after truti:, You will come to realise with
aumllity, 4 at ideas can stand only =8 long
a8 they remain consistent with the observed
f'aota-"

'vnox 1967),

“"he bap.s of the seientific metind and the
ultimate scurges of all tre fects of solence are
ocareful close observetions and exporiments, free
of blap, with suitable ocontrols made as quantita-
tively as possible, The observations and experi-
mentz may then be analysed or separated into
their oonstituent parts so that some sort of
wl.er.m be brought into the observed pheno=
nene.,

(villee 19€7).

"The soientific method is a logical and
orderly procedure of investigation, Aoctunlly it
is nothing more than the systeamstic use of common
sensc, Tt is this particular method of scientific
inquiry thet distinguishes scientific study irom
curiocus dabbling and hit or miss efforts to solve
a problem,”

(0tto and Towle 1269).
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The shove taxteboock writers maintaln a gmerally
non theoretical position, They seem, however, Lo sccept one
important theory, This theory !s the solentific method, Tt is
given sueh suport by these writere as to count sr faset, But
it b o Yeen noted previouely shat coisntists do not necessarily
epply 'the scientific wethod' in thelr res oreh, !Vedawar 19€7;
Fantin 1968), The mnti od cannot therefore be regmerded as a faot,

‘natead Th 1s *factualistic’, Text writers, Luwever,
persiast in incurporeting this wethod Into texts, snd presenting
it =8 tough 1t wene factual,

Altematively, texts assume that 'the selentifie

thod' 1s uiv~real to all sciences. Tiis vould mean that a

rhysielst co.ld become e blologist, o bdiologist ocould become a
chienist « ‘ndeed nli combinetions would be possible, ome
physicists cnd chem'sts loter beconme bioliuglsts, but not often.
If 'the sclentific method' was &s univarsal as imrlied by text
w™iteors, “sre inter-diaciplinary wnovomens would be not'oed, MNut
they are not.

“oreover, if ¢ ¢ wethod was so0 significant, it would
wean that anyone who wished to learn the method could becowe a
scientist, Clearly tiis is not so, Peing fam!liar with the
motiod does not make o greoat solemtist, "nlleed the converse may
be true, It is the individuals who bresk from asocepted methods
and ‘norme' who may bdeocvme the groet sclentists, (Xubm 162;
Koestler 1964; Stenhouse 1971).

Yhy o 'The ©olentific Netiod' Ferpetusted?

The 'informstion explosion’ is probably 2 major reason.
Tt ceems that ‘the scientific method' acts as em cpparent organ-
ieing core and unifying concept for all science, There might be
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enormous informational content, but there i st?ll the method
which nolds all oscience togetier, This seems to be & bdasie
assuzmpti n held by current bloleglcel sducotors,

“here {8 also enother renson, Tert writers and curriculum
make:r ~et the informetion for ocourses and texts f.om resesreh
Jourmals, Feonuse of the great proliferntion of detnails ‘n rescarch
Journals, text writers are Rlkely to consult either the abstracte
orreviews of roasserch, Tf they do th g tho risk of gleaning'mis-
informstion' ir greator, becsuse {he context of the deriving of the
rescarch findings is not imown, The purpsse of abstracts end
reviews 1s to asaist fellor rescarchers ratier then text writers,
Text-bocks are ! arge, "ot all of a text-bouk wili be within the
vriter's o aren of interest] The likellhcod of mistakes is
therefore furt:er !nereaed, \leso, some mes aro:n findings rre at
beet tentative, Tert writers and curriculunm mekers transform these
to 'facts’, A part'oular research publicafion mey elso be but a
m'nor part of 2 genorel 1 ng term research progyarms, Cnee 2
faot ic incorporated into the main body of a text, it is scldom
culled out in the 1igid ¢f immediate leter rescarch, even though
tiis later finding aay repudiate what 1s writton in the text-bouk,

Furthermore, the way in which research is written up
in a research Joumsel 1s usually in accord with "the scientifie
method', But this mgy not be *he gotual sequence which the
resecarcher carried cut when e ressarched, Text writers and
curriculum mskers seem tu assume, wrongly, that the research
Joumal reflects the ectusl sequence of events of the laboratory
or research activity, They assume %t at the steps outlined in the
ressarch papsrs gre those shich have been e “. "y followed by
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the mnrcl.u' when he was doing the research. Yet there are
& number of publisied acc.,unts whioh s uw ti's not to be tie
case, )

Pantin (1968) for examyle, has ypublished ‘n researen
Journais, his findings whioi deecribe the naturs of Lhe nerve
impulse in gosientorses. The way in wh' ch easi: is vepurted
ts in accord with 'the solentific method' as is the oamse with
most research rublloations, Put this is not to cay Mhat in -eal
11fe the seguencee published occurred in that striet urder,
Chance, "1unch', ond enotionel sspects are all ‘nvolved, but are
naver noted in reseerch joumals, Text writors do not ailiow for
these uspects, These writers in bislorslesl sdugstion azs.me that
'tie soientific method' wutlined froam rescarch 'cumals g the
actual way ‘n whiol tim repsareh progressed,

Peapite the apparent order or stepe in the rubl'eet’ ons

wiat sotually harvened ia u te 4iff rent, 'entin "1¥E) continves
“ow the m;aﬂ' yﬁﬁm_tl_ mm_mﬁ Gl

rore iona w ake 8 fforent £ ig, “he cuuprse
of research s ows qu te elearly tho importance of
anthority and contem arapy f shion in Jdimoting one's
attontion to phenomena, 't alse shows “he !mycrtance
of the 1limtive gense n regohing conclusiuns, 't
snows the ilaportence of contempornyy mwdele nd tle
importanco of the aesthetlio and erot’onal nspeot n
initleting rosearch, “oreover t.e develorment of the
work undorlines tho isgportence of chance = though
the element of chance 1s that with which a2 sorum-
helf 1s familier ratier than that of a winner in
creium "onds'

(Fentin 1368,
Tentin then gies into biographical deta!ls and
enecdotes about how ho came to study the nourophysiology of
snemones, illustrsting how the sbove factors m involved, Ty

"illative®' sense he mosns a



"spontencous divination by the mind thet a
conclusion is true, wich uses every kind
of inforation experience has given us, end
woich uses 2% 00 @ may dillopens from

{(Pentin 1960),

“esearc: publiostions are less 'illative' tian the
actual rescarch, '"llotive' charscteristics, chanoce, snd ecotion
are ¢ nscisusly kept ocut of resecarch publications,

om does the diff-rence between actusl rsearch, md
the rublished pesulte of research have anything to ds with tie
distinct on bLetween vhat 1s factunl 'nd whet s 'factunl’stioe'’
Tt soenms to this, “ext writers giran nfopruation from resecareh
publications for laciusion into thelr text-bo ks, md do not
consider gotual reosvarc: cctivity,

A msior infention of the toxt weliter 2 to "o able
to trengpuse Information to students 'n g3 sa'mole md ooncliee
manner a2 possible, This "as8 o menber of conso.uentes. “lrstly,
the tentative nature of ypothesss are nerlocted, "hal res arc
is & rrogreasion of doweloping hynotheses nd "ndings 18 neg-
iected a2 oomplications w ioh could confuse studonts,

Gecondly, the 'illative' sense is neglected in text-
books end rosearch publicatioms, Tt i3 sszumed that actual
reseerch is mirrored in the wey the researoh publiocation 1o
prosented, Biographical esnecdotes are not oconsidered, Ao &
result 'the solentif'ic method' is implicitly given impord:

"In the publighed eccount of my experiments

T showed that, Just as the existemee of nerve

ocolls would loed one to expect, there was a system

which conducted excitation in the enimals (enthio-

soans) and that this excitation has all the pope
erties of a2 nervous ispulse found in the nerves



of the higher animals, T begen by proving
that the clese of phenomenan to which the
nervous impulse belonged in sea-anemcnes was
identiecel w th what Feith Lucan and Adrian
had shown to be true for nerves, T then gave
evidence that the varied movements of which
the animal was oapable were due to a valve
like control of the transmisaion of nervous
impulses from one nerve cell to snother, and
from nerve cells to muscles, T then showed that
the wiole system wss planned, rather like a
disseminated drain,”

(7antin 1968),
In Fentin's published accounts of experiuents, he
did not discuss '"fashion', 'illative sense' or 'chance', These

aspects are also rejected by curriculum and text writers.

Sone text writers and ocurriculum makers reest to the
problem "5 claiming to emr-hasise 'themes' or princinles and
processes instead of masses of detall, Cthers deve.op programmed
learning type texts (“mallwood and Green 1360), Visuel aids, end
te t-papers may also be incorporated into & particular course,
Tinally, 'enquiry processes' {Vruner 1960) nre strecsed in bloe
logical education, Put the problem of 'the knowledge explosion'
still remains:

"The expansion of teaching courses need
to be proportional to the 'knowledge explosion’
only if their purpose is the mere inculcation
of factual information, Everyone pays Yip
service of course, to the notion that teaching
leads to 'understanding prineiples' rather than
'knowing faots' « but in practice the teach! _
of sclence despite all recent advances, the
'discovery' method, the 'activity' approach, end
50 on remains largely a matter of imparting
fectual information, Or rather, information is

188,



fmparted as though 1t were factual, when
much of 1t really is not.”

189,

(2tenhouse 1972,

The lip servios pald to "encuiry processes' 1s well

exenplified with the following ~tatements taken from a current

curricuiums

*7¢ {the prescription) plages great emphasis
on THE DREVRLGIE-NT oF CAILLE NI ATITMS ratier
than the forner stress on the scquieition of
m.lﬂﬂ-”

‘"3 stress is glven by the prescription makers in

Yet two pages later the prescription stetes:

"“he prescription seeks to develop the
following skille:

f1) The recall of re..vant knowledge,”
“ecall 18 def'ined aa:

“/ rememboy) appropriate knowledpe 5f facts,
concepts, rinoirles, theories, wuy- of disrlaying
data, wayz of finding melevent deta, ways of Jjuiging
the wvalue of data, waya of using scientific euip-
mt.‘

(Form VIT Teachers®' Sulde, "Niology” Up.eit., 1771).

m the first instance acuu’ring knowledge is not

rogarded as a skill at all, /et later the notion of 'recall’

i3 roparded es a skill, Yot only thet, but 1t is first on the

, 1list of priorities of desi ed ocutcomes.

Secondly, 'recall' has been defined, Tt will be noted

that what has to be recalled is gvoryBhing which may be taught

in a biology course, The ‘concepts’, 'prineciples’ and °

ys' are

all injlleltly given the properties of fac'5hood to be remesbered,
Herely regalling »rinciples and processes is not adequate tor the
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This notion ocan be construed further, . stress upon
‘factualism' makes biology am intellectuslly rigorous sudbl'ect,
"le more t-yms and mosnings that = sbudent knows snd oan use
in essaya, exampinations end inforsal discussions, the more
'learned' ke apparently is, The following rely to this assertion
seans apt:

"Ferhaps the most coamon implleit rational-~
isatinn, especially witi: regard to the teaching

of sclencs, 12 to put the motion tuat 'proper

standards®, ' ntelleatual rigour' ¢'n be preserved

w.y by close adherence Lo facts, 'f 1t were true,

it would be "ripgor mortis®; but it 1ir not true, snd

the presentatisn of theowy or hypothesis as though

it were feot ocanstitutes a debauoth: of intellectual

atendards, " 0 wonder so many students rebel agalnst

sclence weaching in t.lz guise, "ie sheer 'learning

up' of vest juantitles of factual inforuaticn 1is

dreary encugh 1o itself, in top of &tiis the brigite

er studsnts undoudbtedly galn some inkling of the

freudulence of tne wihwle bus'ness, md they cannot

help but be 2sturbed md desoralised,”

[ teniouse 172,

"hat Las th's nreanble to do wit! tle 1o ortance of
wreory in biology? 't the riak of repdtion the lens mmalogy will
agein be noted,

Tratly, if theory $as glven import, foot could be
distinguished from 'f octualisa’, = theory 1s = possibility for
deseribing the world, There may therefore be many possible
theories, ranging from old wives' tales to theories whioh seen
to be so vesiliont that they are accepted as faect, The important
point is thet though ome partiocular theory may be important as a
possibility for deseridbing the worldd, 1t is etill a por~'bility.
The analogy thet a theory is a lens seems to de appropriate,
“hen applied to phenomena, one lens will 'bring into focus’
paerticular aspeots, ‘nother lens would "oring into focus' other

poesible aspects, What comes into focus can be asccorded fact-hood,
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Tentative assunptions wo.1d not be accorded fact-hood
in the senner in vogue, "The soientific method' at present
perpetuated in text-bookes would not bo regarded with the entiue
glasm at preasnt given it, “hmphasis would be ploced upon various
possibilities for describing bivlogy, ilternativs tieories, tLie
imrortance of '1lletive' sense anc emotion wou.d be siven a more
significant place in bloleglocal educsation, " or example, "inbergen
emphasises the crestive nature of cbservation, when he atien;ts
to find Lhe :ategories of behaviour which ere brought into focus
by evolut!unapy thecry, That e, he is cbgerving in order to find
categories to denmsrcete categorien of benavi ur becanse tiess cate-
gories ray bo transient, ond not irmediately bv! wes, {Tinbergen

1972

onsider what could hayren If 4418 same cvbhservat onal
ap;roact: w=e applied to current te-tebo ks Ly “haureiicelly
orientated blolosical educators, using evolut!inary theury es a
lens, ome of “he infornation within the test would cove into
focus as being 'fact', ‘uch would not come 'nto £ cue and 1t
would be regarded as 'factualistie’ snd eradiocated, ‘oreover, 'f
the process of 'cbservation' of toxts alsd incorporsted nistory
and rhilosophy of sclence, other aspects of the textebock
ourrentiy held to be iwmportant, may also go cut of foous,

The lens snalogy could probably be fruitfully taken
further, But the importent point at this stage is to emphasise
that 1t 1s ghe lens which is bringingcertain aspects o the
phenomena into focus, Similarly n this wes it is Sheopy whiech
deternines what ocan be counted as faot, This lLas been emph.sised

in a number of accounts, notably Mamson {1961, 1967), ¥ubn (13962)
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end Xoestler (1964, 1367,

/n importent theory in dblology 1s ewslutionary theory,

Tt avpeers to account for most phenowmena vithout too meny enosolous
situations, "t is 2 pussibility for deseriding the world, "inbergen
(1972 eumpheaises that 'observetion' is wery imrortant in biclogy,
especially is own intorest, ethology. Tinbergen regards observation
as a crrative process, This process goss on within the context of
evolutionary theory,.

ThHus ,in conclusion, the incorporation of avoiutionary
theory. would reduce tie gquantity of facte to be learmed {desy!te
the 'knowledge explos. om'), 't would also serve as a resilient
'tool for thinking'in 'eaticipatory' bilology which will be ciscussed
later,

fut biolopleal educstion does not raeem Lo -egard theor-
etical isaues In bluloxy as sufficlently important, Luack of LiLe 1y
in biology may onha nee a 'drift' from biology:

"ne committee sugzgests In several places

that neny oble students are deterred L the

rirour of' school sciences, especinlly wien that

ripour dogenerates into a gramsarion's fommallsn,

when it 1s bolstewad by an inordinate hulk of

exreripontal work, snd when it %o cverlaln by
vast bodies of feotual informatiom,”

¢ "hornton 1203).
A recent cbservatlion of sclemoe education in ‘werica
alao serves as & waming of possible consequences:

"Sclonce students are rlainly 't:med off*,
1t may be, as ‘ean Yayer of Varvard clelss,
'largely the result of the “alkanization of teach-
ing.' ‘nd 1t may be as NHarvey Prooks suggest
matter of failing to nmeke none-sclience students
solentifically literate end scieciific students
soc” ally literate (Harvey Brooks "Physies and
Polity in Sclence” 1968), T an aware of e
problémns of specialisation, 7 hear the complaints
of ny solentist colleagues that teaching both
science and the soclal impact of science would
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impose an unbearable 'information overload',
7 remain unimpressed,”
(% rengborg 1972).

A possible remedy has been elesrly stated:

"The remedy cleerly, iz for everyme &0 come

0 a much Letter understanding of w.at scientifio
ectivity s really like. Thie 's dssperctely
urgent with regurd to tiose wio teach sclonce at
whatever level, i great dosl of sclentiflc yescaren
cen quite usefully be done by people lacking en
understanding of L!lgher methodology - but o

Wl & - + oo 'BNGr b 1

AT A0 4 Lok bt AL
Url I reuts of viiol we ars now soming Lo soe.
finoe virtually everyone undergoes forwel tra‘ning
v some sort or ecnother at the tort'ery lovel, the

iemediate need is for crsnges in the edugation
£

offered st .Lhag level.

f* tentouse 171

B, ‘.ablglpatory Nioleey' tould ‘cerve.

“xzm; les will be cited to skow how theory is lmportant
in 'snticipsatory biology'.

“irstly, t o case of leopilina the arciwemalluss,
“wolutionary theory involves the establishment of stmctural,
be avicural, and physiologlicsl relstionships batween orgenisus on
the basis of present wnd past species, The study of lines of
descent of orgenismes 1s c¢slled phylogeny, Tetalled study of the
present represontstives of the hylum Yollusce culminated in the
postulat’un of a hypothetical ancestor, This ancestor could be
regarded as a mosaie of the priaitive features of the Fhylum,
based arcund evolutionary theory, In other phyla, the ancestor
remains merely hypothetical, Yet with the FPhylus Mollusca, an
organism has now been found whiol vevry clossly resesmbles the
hypothetical e .cestor, Tt is called Neopilines, The lmporten’
peint is ttat the 'dlscovery' of Neopiling was anticlpated, Hvo-
lutionary theory makes this discovery soologically significent,
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Another good exam;le of 'enticipatory blology' le noted
wit!, tie discovery of the Crossopterygien fish Latineris. This ie
a living examrle wihich closely resembles the first tetrarcds
wiileh invaded lend, Locket (1772) deroribes the interest gener-
ated in the Tinding of a live speciment

"Nut wiy ail chis fuss about e fisk?

Mmm%.nnn well knoen o sclentists
beffore 173, but only from thelir fos:ll records;
that went back & very lomg way o evonian some

350 million years ago., “hen there were meny

&mam {the group Lo whieh geamm
belong) but they were t .oughtto have died out

JU aillion years ago; the last knmown Coelocanths

wore in (rotececus chalk in “nglond, S0 hore wss

a living representstive which not only entedsted

the dinoseurs Ly soveral -iilicm years, but

which was a close reletive of the _Lipidistians,

belleved to be the anoastors of the tetrapols

including man, “hat w uld have been fascinating

gnocugh, Y.t a2 far as corrarisons could be made,

the nudsrp coelocanth sumad out Lo be mstoniste

ingly 2inilar to ite fossil relatlvea,”

f .l'.'okﬁ't 1 ,’-J’;."; L]

The Impor.ant polnt to note is trat Latiserig had
boen found end kn wn by the slonders of the comoro Arehipelagu
for generations, "ut tiese planders wore not versed ln phiyio=-
genetic history or cvolutionary theory, 7o them it was werely
anvtier fiash, 't hat (o be 'discovered'by a soologist, in this
case ‘mith, in 1733, 'Uiscovery' was to a great oxtent antie
gipeted on the basis of theoretieal evidence, and the postu=-
lation of what the Coelocanti would look like, should a live
spocinen ever be found,

Tt iz intoresting to observe that the movements of
Lativove while swimning were also gntigipeted with interest by

Locket:
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"At last it was possible t make izt~
hand obse v:tions of the animal’s swimming
movements, md to test the truth of the much
quoted assertion that the eyer ... (" ely
luminous, The swimming movements were fasgine
ating, '‘ost fishes swim elthsr by s nusoldal
body wuvements av by lateral strckes of the
tall; the cosiocanth was nuot doing eltuer,
but swincing by using ita sec nd dorsal and
apal {ins W a seulling moucion, The two {'ins
moved Iin concert, b $h t¢ the semw sgide f
Lhe budy et tbeo sume Lime, They were tristed
or onch stroke so that the mmetornicnl mtericr
edge of the fin always led Lhe movement, but
the lof"t an. ight sides were alternatively
the slde nearest tihe heed, "he motion was
exeotly thet used 'm sculling a “mall bust
gver tie stern with a single oar, ut whereas
tie osr i8 rigld the fins are surcle, =né take
up & onvexity to the front of the fish, just
ez the blude of a merine propeller has,”

{ Locket 1372),

The deta® w!th which .ocket desoribes the novements
reflects nly interest in the evolutlionery foporiange of he 1oCoe
motion of _at’-erlu. "o doudbt he puined & great de~l of satis-
footion in deseriving the —ovoments ant'el ated by theory) whioh
totrapod sncestors probably used, “ntlicipatory Liology' 18 not
an 1solated jhenomencn, _eripstus is significont beoause 1t has
# clogse resemblence to a hypothetical insect anceslor, _Iymis
enc jomesa «re plant fossile which seem to resemble the first
seed plants or srermatophytes.

How 001d blologlsts assese t ¢ nature of the lieidel-
berg man (Hozo heddelbergensis) who lived 500,000 years ago, with
the only evidence being a singie fossil Jew? Yith no theretical
background, the bome would have been merely ancther Jawebone, The
finding of justralopithecugbybart in 192, led also to its
sigifance as a possible humen enocestor through knowledge of
theory, (Jatupe Vol, 115, 1925) True _he Piltdown men wes
sssumed upon the basis of evolutionary theowy, to be a significent
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skull ‘n 1912, lomever, the scocumlation of evidence based

upon evolutionary theory revealed the skull as a fraud in 1353,
doreover, 1t took ti. ingenulty of an individual, who was theorote
feally orientated to oreate o fravud where paleentoiuvgists, bio=
chenlsts and «n tomisls were fooled lor forty-one years, Uarson,

s solioitor, wos hweld to be Lhe faker, 'le was en onthusiastie
epatour. "ig Now Seientist, Veol, 57, No. ©37, 19th ‘areh, 1773
"ages (1) « £20 Las an interesting account of those soclogists
elusely es nected with the lLoax,

‘ngther examnle can La laken, "he skull of vertebrates
is som osed of & mosalc of geparate bLones, 7 cury Las doveloped
the 'fotes' of there benes wiich can be traced f oa t!ie Tishes
to the wmeayarls, For :xsmrle, the bones of (i Limer ear have a
tympanic function in memmals, yet they rave e breathing and
fecdlng function in 851l vertebrates, md in aow present doy
'lowor' wartebratez, "0 e student unfamiliar witi .he thesry
berind the relstionships of skull bones, the leacrning of the bunee
of cach mamnal skull would be most difficult, and reminlsoont
of the curremt problem re sting to the 'koowledge ex;losion',
Peseriving Lones of the szull vertebrutes without knowlelge
of theory wuuld prove amn insurmountable tamsk, Fach Lone would
need Lo be described individually, “ith upwards of 15 « 30 sep-
arate bones for each simll, the complete specification would
become indigestible for students, Currently, chelcals and meta~
bolic pathways are being desorided without theory, The naming
pattem is sinilar, Only the components to be specified differ,
But theory seved anatomy, Desgriptive snatomy boceme conparative
snatony, a™ > "1winian theory wes accepted, Comparative
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anatomists (for exemple Goodrich 1958) traced the 'fetes' of
the bones composing the skull of vertebratea, Yoreover, similar
nomes have beon used throughout the vertebrate group. “ven the
labelling of bones 'S theoretionlly based, 'ore 1uportently, a
pattern was Jdeveloped, “conomleal snort outs, could be eatablished
onee the theorotionl pattoms wepe 1laid down, and '‘snticlpatory
blolosy' could be develo:ed in Lioclogical ~ducation, “he example
drewn from cosperative snatomy ies loportant implicotioms for
currant Liology, The Liologlste anc biologlual edueoators of the
fmedlate post Parwinlien era, recognised ¢ e problems reluting
to 'factualisa®, and tio problems for studonts wit: conplete
speoificstion, "o ovorc.me the problem of o ind gestibil 'ty
of information, thoory and corparisons derived from theor;y were
emphagised in bloloslical education,

ourrent toxt writer: and curriculum makers s~em to have
placed tioemselvee ‘n 2la sawe 2ituaton as & o rree arwinlan
descrirtive anebomlcota, “he predicement 1s tho seme, sel current
writers do not seem t¢ be ohle to take wivioce frow leassones learned
by educators one rundred mnd twenty years ago, Cortlete specifi-
cation and descri;tion at presemt o rife, Vet the solut'cn to
t is predicament is aleco present, well known, and old,

Tt appears that blologlosl education accepta the view-
joint that maything shich 1s 0ld is wor:se and mmything whioh 18
new 1s better, Wew curricula are purported to be 'lzprovements’
over the old, Tiils noed not be the cese, For example doubt has been
cast on the value of the New Yathomatics curricula end the P,5,3,C,
Physice curricule have lost favour, {Layton 1972), The ‘tew’
biology may alse have doubt cast upon it, The ‘drift' from biology
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13 beocoming as marked as the drift Crom physics at tertiary
levels (0Usbome 1373).

The solution to current problems in biologleal education
Js nowg, nd 1o troditional, The incorporation of theory into
present biology willl create patterna which students can grasp,.
These patterns, once establisted are useful n developing
Yanticlipatory biology' in bioclogical education,

The esteblishment of a pattern in conparstive anatomy,
early in a " ioclogy course, allovs students to enticipate possible
'fates' of akull bones as one progress s through 3cve examr les of
tie vertebrate kinsdom, Yot 11l vertabr-tee neod examining, & few
exam;les will suffies, because tloory acts as a ‘orutel' « ‘ch
c¢an be ussd to 'Fiil in the gers' with other exsm les should the
student later wia to atudy themn, "he lzaming of sadh bhone in
a sikull for every vertebrate is tie siternative zibe’t most
3ifricult strategy. @ Meer (117 zisc wtlines the point that
a few evanrles well presented with theory 1a bettier than attemting
non tieoretical deascriptlion of meny exam;les, The tralitional
co parative anstomists know that not &ll vertebrates required
stuly 1f theory wns maje lmportont,

The gape in laformation were replsced Ly theory. ©hould
they be oconfronted with an unkmown skull students could readily
attenpt an explanation on the basis of theory. 'f tho theory was
suffioiently grasped it is probable that the students could
‘anticipate' the significance of a number of festures relating to
the unknown skull, "urthermore, it 1s a very satlsfying educational
experience ‘0 heve one's theoretical anticipations later confirmed,

1% could be argued thet 'anticipatory biology' is no move
then hypothesis generetion end confirmation, "ut 'enticipatory
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biology' embraces more then this, Contemporary Liclogy sttaches
a great deal of importance to oxperiment, This part of blological
research can be mmticipatury in being o hypothesis confimation
activity, but 1t does not plesce importance upon another imyortaent
agpect of blelogy, namely observation, Comrarative anatomists
didé not experiment in the sanmer of presont biclozy, "natead they
thoroughly wmderstocd theory, n this dasis they cbeserved, anti-
cipated, and cbserved to confirm or refute thedr theore lcal
anticipatia s, Observotion $o them was 'theory inden', Curreat
non theoreticel biclogloul educstors would ¢laim that they were
‘sut jective' md *biassed’, "urthercorve, sooe enticipatlione unlike
ypotheses may never bo sble %o be confirmed eltlier by observation
or evpe: iment, Tur oxem le soms orgenisms living or fosell eay
never be dipcov red wi'el glosely ros-mble the encestral echino-
derms, .at tere 17 a description of wiat the Lypothetical
ancestor of scninocerms would 1ook lilke,

tntiolnatory biology' s tierefore tieorelically
based, 'for o:n theory be fully eralieated frum exporiment {!'sason
1771}, Tt wouid avem tierefors thet !t 42 better to develop a
logically based theopetical position end conduct selentific
activity on thls busls, than 18 is t0 maintain on spparent non
theoretical positione The non theormtiocians in fact do 1old some
sort of theory, probably » wesker one than more logloally orient-
ated blological theoreticians (Beckner 1764), The non theoretician's
theory (which he may olaim he does not hold) reaches its ultimate
in 'dus. & -bowl espiriciss’:

"The position parodied sz 'dust-bowl
empiricisn’ construes exp rimentation and
controlled observation as the very source,

the development end the fulfiliment of every-
tiing worthwhile in secience, All else is



‘mare speculation' or sven 'metaplysics')

Tn extrome form, the sclentist 20 oriented

will tinker, romm and ruz‘nate at random

giving "the world' (1.0, 12 clcacn gubject

matter) every opportunity to 'express itself’,.”

(Hansan 1371)

Tf a biclogist oleioed that he was non theoretical
his setivities wowuld apparently be uncontrolled, “orecver it
oould be charged that his activities were random, No rescarcher
would sulsoribe to this charge. Jgue sort of theoretical position
mugt puide even a 'dustebowl empiricist'!

'mnticipatory bioclogy® co.1d be used as an educo lonal
strategy in ocurront bilological educetion, The pre-reg isite
theoretical foundations lacking in the professed ron theorotical
blology would a:pesr $o need reinstating 'nlo ourrent courses and
texts, "ains (1770); Ne Neer {1367); ‘oestler (194,,139) could
act as starting rointe, n the dasis of tieoretical formulations,
students ¢..1d anticlirvete likely pattems vith Liologlical rrendoe
nena, “hey would not neces~arily need to start end s'op many
fregaonted toplea as 'n present courses, "iclozical ecurses could
be reduced by applying thaoretliocal orientation wilich would encompass
the whole eoursg or currigulum, Yoreover a great desl of satise-
faction will accrue wien the thecretical notions held by students
are oonfirmsed by observation, res ' g end lecture, 'Anticipatory
biology' would crest~ interest, end serve to attract rather than

repel students from blology.

G

Velss states this position:



"Half & century ago, when T begmn my
oxplorstions im biology, the field was sparsely
populated, like pioneering cuntry, —ith every=
body who entered, thrown to hia own devicen,
Tort=books were few, coprehensive, original,
and uvnique, alnost every one of them bearing
tha signuture of a naster; but obvicusly thore
wore wlle gaps botwien Lis orges they covored.
Yot they ' &ad one imrortent feature ‘n comuon;
they tried, some more then others, 40 balance
overindulgonca in thelr particular special’ty
by point'ng up the plece and cuntext and place
of that speolality within the continuum of the
living world, In this way we becmme were of
both the (undamontal intercunnectedness of all
&.peots of life, and the appalling dearth of

conerete imowledge about interconnections

(’ oiss 13?°)o

Currently, blology daea not stress ares: of 1lpgnorance,
The topliecit omii:asis rlasced uron 'factuaaiam®, md suthority,
gives students the impression that there 18 1ittle unkpown in
oantenrorary biology, md glven & few years the lot will be
foleened up's:

"™ the symbollo year of 1537 the foremcet
Germman biologist “mmst aeckel jublishied a best
selling boox "The Riddles of the Universe” wileoh
beoeme the bible of my youth, "'meckel was the
first propagandist of Parwin in 0. many, and the
firpt to draw up a geneological tree of var! s
orders of animals, Like [pencer and 'lurley in
ngland, » wos a typlocal representotive of the
boyyant and arrogant optimism of the nineteenth
cantury, 'iis book enumersted seven §r-eat 14 les
of the Universe of whic. siz were'definitely
solved' « inciuding th: Structure of Yatter and
the Origin of Life; the seventh was man's



teachera, but fron the force of our own

igncrence, that '€ vo want to succeed, our

bezt course is to do what our teachers end

excminers expect of us, For this resson,

there exists a strong temptation not only

to eccept all cuthoritative Judgements as

glven, but %o accept the horisune of achtool

and university syllabuses sz the boundaries

of all sensible enquiry. The massi~: largly

uneveldable inslstencs on suthoritative

knowledge foces tie stud at with an unen-

visble choloa: tiat of knuckling under and

be ng right; or of being individualistic

self sufficiont and wrong.”

(udson 1768,

Telss 71 70) mentions sbove that nreas ar'd of resoarch
had been maprod ocu' n 'aymbolic tems', "owewer, 'aymbolite' could
be repluced with 4hecretical’ without losing sonse to his state-
oant,

Theoret?osl outlines emn there ore, =an out imicnown
sround, “t preeont in olclosted education £ g Gove not cocur.
T studonte in csclencge are dlzcuseing great inventors, «nd dis-
cusa’on comes round to likely inventlons in the Pu‘ure, they
eoonly verly that tiore 18 very little olse 40 he invented,
"olr generstion will never imvent anything « 1€ was ocssler Tor
“araday, "ssteur, ‘arconi and Tell, beeause the circumstances were
right an’ sclonoe was on an LUpsurge., 'nventlion end discovery
alwvays look as thoug:. the process was simple '‘n an historical
context, ‘‘owever, it would scem that a general lack of theory
in all sclience has contributed to this frustrating situation,
7€ the biclogical textsximply that all important discoveries
have alresiy boen made, snd most rroblems been solved, them there
is 1ittle likelihood of students being ettracted to blologiocal
regearch, It all seems known:

"There is little curicsity sbout soience;
80 much is now established fact.”

(A stulent's comment, Potts, 1968).
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In emsphasising the?» speciality, traditional text writers
placed it within the framework of ewolutionary theory, 'n stressing
theory, in having en evoluticnary frame of reference, tho ureas of
blology erid of rosearci: cculd de recognizod, s a rosult a novice
research student ¢o.ld move into ane of these "arid' arecs as a
lone 'ploneer', Ve however, was not blind !n his zovomonts, as
he would be a n vige intellectually armed w'th theoretical intere
connections developed n introductory courses, "he novice rescarch-
er could therefure 'aaticipate’ probable fruitful areas for
research, Yorcover, end even sore importantly, tie eorly blologlienl
educstors, anticipated the ardd areng =nd «hat tiese arid areas
enta’ led on the basis of a theoretical frame o referance,
surrent text vsriters ‘n stress'ng wint 1s known, also
eaphasise csuthoritarieniem, (Hudson $1)€8), “tulen's in biological
educction mus: aubalt to the aut: crity of the taxtebook sni to
the 'facts' thereln, "hsvretiesl notions, if incoroporeted, would
encourage discussion am! argument, thereby reducing suthorltare
ion’ @ in bivlogleoal oducntion, ‘uch doubtful and dublous
inforuation could be harboured under o shiled of authoritarianis: -
the stronger the muthoritarianism, the gre:ter the ilkeliiood of
their being doubtful informetio.., If thils wes 20, blology could
develop into a ocult, Piology would change to 'biolcgiam' and
dogma would prevall, (Fremkl 1963), rese:’;tions require
elucidation in biology:
"If a Emﬁm is put forward openly,
msny people disagree with 1t, There is a
healthy streak of "contrarinesa' in most of us,
If 1% is put forwerd as though 1t were a Jgacripe
2ivo statoment of fect, however most of the
contraeronction will be inhibited, Mobody wents
to look as though he is arpuing against the
factsl"

(Stenhouse 1971).



Seoondly, Af theoxry and theoretical iscues were
incorporated into current bislogical education, salected areas
of biologicsl research which ars being neglected, could be given
an alring, /'t presemnt with -sphasis upcn ths autlority of fact,
'what 12 knowm' 15 being cultivated et thc oxpense of 'wiat ‘s not
known', Ignorance is not glven emphasis in current tewxts, cuurses
or curricule, . sclencs, to be vigorous, must show that it ‘s
tackling litile imown areas, This iz surely a way of edvancing
the state of biological knorledge, /'t pres-nt this does not seem
to be the case. Tf 1t were, & great deal ¢ enrhasis would be
placed upon theoretiecal discussion in Introcductory biclogical
eduoation, Thils thooretical elphasis would ¢ . rve to firstly Shoe™
students that there cre areas arld of cbgervatlonal mnd expericental
study. ‘oreover, tiess dlscussiuns =may serve Lo interest intro-
ductory studonts to later rescarch in these particuler fields,
Study of evolutiomary theory, and it3 rrineijles, would serve to
indicate these cbscure areas of bLiology.

‘et current blologiocel oduocsticn tores a 'backward’
stence, om hasising past achiovements, some of which masquerade
under an enlgsa of finallty, '"teniocuse 1/72). ° returr *0 a
forvard' looking stance seems necessary, .onocerted attack upon
unknown areas, through prior theoreticsl disoussiwm, seems of
im ortance if biology is to survive as a vigcisus solence,
(Commoner 1961),

The ounsequences for biolegloal research has beon
well documented:

“There are sectors in which brillient
progress is still being mede on the old paitem

by solf directed individuals, for instance, in
the physiology of visiom; but time has changed



this approach from standard rule to rare
axceptl n, "esides, vast areas {of blology)
are lsft wholly deserted ond in obseurity,
¥he is to say what cruoial clues to the
understanding of 11fv they Lold ' oh nay
be missed bacause T sur ocompulsive sube
misslon to the spell of e 'ew favorite
toplies’ V4ll the established favor tes of
today keep belng swelled by masses of
epigones, acclalming the faniliap, mnd
disdainful of the odd, adventurous and
risky” Vill more end wmore workers shrink
to the posing of guestione . at it the
mevers we alrsady nLave? Ta tihis trend
inexorable or ¢ it be countered’”

(veles 1370).

Tinbergen auiso sets the problem when iw refors to the

publicatiors of Vorris (137) end Lorens (1977 -
"Ap exemples T sclect onrad Lorens's
book 5; Aggression® end 'The Naked ‘pe' by
Tesmund orris, “outh books were best-sellers
from the start, “thologists are naturc.ly
delighted by t:1s sign of rapld growth of
intorest in our sclience "even t! ough the
growing peing are at times & little Lard to
endure’. Tut atthe sane *ime we are appre~
ronaive, ar at least " am,

Y. wre deligited becauss, !ron the
enorzous ssles of these md other such books,
it is ovident that the mental block rzainst
relf serutiny 1a weekening - that thore are
nasses of people who, 80 to spea: vant 0 be
shaken up, Mut 7 am spprehiens!ve boosuse ther~
books each cdnirsble in itz own way, are being
misreal, Very few readers give the authors the
henefit of the doubt, Far too many rceders
elther acoept uneritically ell that the authors
say or equally wmeritically reject it all, 7
believe this is because both Lorens .nd ¥
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ance, (&nd in add! P -

set of statements which ere after all no more
then likely guesses). In themselves brilliant,
these books would stiffen, at a new level, the
certainty, shile we noed & sense

(?inbergen 1968),



Te

"heoyy ney have divect relsvance to fan, At present
many rublications ars emrhasising the hloloptesd nature of Man.
Lorens "1967), vorris (1%7) and Yelss (1370 lave sephasised
aress of ignormnce in biology, Current molecular biology, in not
being strunzly lhsoretical, does nu. ..:plore these areas at all,
The evolution @i behaviour of Yan csanot Tully be exrleined in
noleculsr terms aven tiough thie 1e implied in current blologzy,

Yot "an's own blologloal naturse ig important, 7t eppearn
to be odd that biolsgy of “an is not stressed, "rere in one
excertion, / s:vanth fore blology course dovotes o scction L. L e
evolution of “an, "ut other biological aspecis of ien wre ipnured,

Tnbergen (13°5) outlines some furtisr reasons ‘ oy
ignorance sbout “an's behaviour;

"ot glves & student of snimal behavisur

the temsr.ty tc apesk about problens of uman

behavi oux? f course the history of =medicine

provide the s er, ‘e all mow that medicel

regoarch uses mimals on a large scaie, "his

maltes sonse, bocsuse animals particularly

vertebrutes, are, in spite of nil 4ifferences,

so ainllor €0 usjy they are our blood relatioms

however (lgtant,

fut this use of sposloglienl research for
a bettor understanding of ocurselves is, to wmost

people, scceptsble only whem we have to do with
beodily functions that we look upon as parts of

instance of our ki » Our liver, our horaone
producing slands, The sajority of people bridle
as soon a® it is evem suggested that studles of

animal behaviour o mumx for undere
standing let alone comtrol of cur own behavicur,

being compared with snimals, -‘th-onbnhc

nstuhummmmmmmh
origin, Put now we are witaessing a tumm in this
tide of & T

(Tinbergen 1768),
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¥an is =hat he 1s becsuse of ' 2 past, Vere description
of Yan as he 1s now 1s insufficient, Studien st go further then
tiis to find reas:ns for the prosent state of “en, Reasons ogy be
found, if investization i3 ma'e into the violssitudes of past
history, Put investigation into the long tera past may bring forwerd
en even greater number of rlausible reasons wiich could exrlein the
present pred!cament for examrle of violence, and over populatiun,
uUnce these ex lanations have beem brought forwawrd, then these may
be used as =ourcs Tor cuntrolling, and to sone extent, »redicting
pr "~ “ens, Men, although oz relastivaly resent organisam, with a
phiylogenetic istory of srort ‘uration, noverihe zes does Leve a
shylogenotic nistory, 70 ignore t is history leaves & great deal
of poasibly ue-ful nforaation &craant,

Pugzles $0 be solved on tho ewolul onary history of ‘lan
a~ comrlez, "o living snoestral close relativen o ist, Yo living
direct onomstors exist, 'alasmtologists and evoluticnists rely
uron e retical hackeround, (DNart 1325; Leskey 1795; ''ashbum
1360; Broun 17 °; Leskey 1772) to £111 in arid areas, Tmagine for
ex:mple, trying S0 determine the poss ble ascolugy and lLablts o°
the ‘eidelberg w1 from a 500,000 year old Jjaw bone, without the
assistence of evolutivnary theory, The ecoclogy and hab'ts of
Australopithecus (Dart 1925) eould only be detersined through the
heavy rolianve upon ““< vy, It is also interesting to observe how
artists interpret theory and organic evolution wien they put "meot'
on the fossil skulls and skeletoms, when they paint oarly hominid
scenes (Life Nooks 1764),



ftrongly theorstical notionas are often used in

traditional biclogy. Cne is paedomorphosis !Garstang 1328), This

has ite roote in Tareiniasn theory:

“dan, ond 1

"Ho s'owed that vhen ommsidoring the
evolutionary history of & group, it is not
obligetory to look four its possible derivetion
only {rom forme of other groups, for 1t
may have beon derived from the young form of
anotisr group by retention of 1ta youthful
features,”

{De Teer in larmett 1958).
Thls theoretical Interpretation Las lupliecaticms for
s Taer stresses these:

"Tolk, who in 1926 showed that 'n oany
morpholorical 1 aturas, suoci: es tho absence
of browbridges, presonos of chin, dontltion,
vogition of the foramen megnu: deloyed fusion
of the bunes of the skull (.. &alilt man
resacbles the youthful smthropoid; and that
these festures co 13 bo exrlained b, the
retontion into the alult stare of man of
charaoteriastios whiel ase youthiul mnd trans-
1ent in the satihiconeid,”

(Pe “eer opec!t.’

This notion of pasdomourphosis wes recognised as a

possibility in evolutionary theory by farvin:

"Tn a state of nature, natural seleotion
will be enabied to act on and modify organic
beings gt any age by the accumulation of
variations at that stage, and by thelr inherie

tance at a corresponding age,"
(re Beer op.cit.)
Paodomorphbsis is a theoretical notion, Evidence may be

forthooming to reveal that ¥an did not evoive directly from adult
anthropoid apes, Tnstead from a Jjuvenile but sexually mature form,



{Strous 1949). Thus 1t cen be seen that theoretical notions may
act as beacoms for Turher recsearch in arid areas of biology.

Fasdomorphosis is & theoretiocal issue which seems to be
plausible,Turtker investigation into fossil evidence with paedo=
morphosis ae o thecretical basis may bring sbout novel «nd signi-
fleant interpre.ations, “oreover, and oven nore oipnificantly,
many of the problems invelving the blological nature of “wn are
theoretical, and mey alwaeys be theoreilcal md refraectory to
experimental prossiures, “ut U1is need notpreclude tiose tisore
atloal notions from being important, They are not necessorily
‘mere theorlies’ to be ignored becsuse they cre not susceptible
to uxperinent, “ut they co.ld be used as a ntarting point for
small sonle exmeriment, ' this 18 not pora’ble tieoreticanl notions
such a' the tne vrev cusiy described may bo the ogly typ of
comprs v . wva Interrretation which can be rlaced upon some aspects
of t-e bisloglcal nature of “an, (The writings of '‘mrey 11,
1966,1970; Lorvens 13X ; “ussell 1368; “torr 136 ; Tinberpen 1969;
and “orris 1767 bear t:'s ocut,)

“he significence of the bhiological tl ory in relaetion
to 8an can be teken furter, 't can Le contended ("iaget and
Tnielder 1)€9) thet becauss Man is a biclogicel organisa inter-
acting with his envirorment, his problems are ultismately likely
to be solved in bl.loglcal terms, 7t 4s intercsting to note for
example, that e nuaber of reputable physiclsts, (Sehrodinger
1944 ; Elsasser 1953; Nohr 1958) have all cosprehensively published
in blology near the end of their lives, Wiy do physicists tum to
biology in later yoars? Perhaps it is because thay find that
comprohension of physies is ultimstely a biclogical phenomenon «
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Man interecting with his physicel environment, Cr it may be that

physieos is o subjeet not sufficiently couprehensive to fully
enconpass the nature of Yen interacting «ith physica, Ferhas;s
Simpson has reasons for notable physicists writing about biology:

"The 1ife sciences are not only much more
couplicated than the physioal sclencaes, they are
also much broader in significance, and they
penetrate furtier into tho exploration of the
universe that is soience than do the physical
soienoos, They require and esbrae data end all
the explanatory prineiples of the physieal
scionoes mnd then go far beyond that to emboly
sy other dota and additional explenatory
principles that are no less « that ere In a
soNse - aven more selentifie,”

(stxpson 1964),
Tt 1= surprising therefore € o observe physicists
tuming fron physics to diology, wen current blology seems bont

upon coming within the meelm of phystos.

Yitariem - 4 Second F
Zor Siologloal Tduostion.
(ne major need of bdbiclogiecal aducation, would be to

ga'n the interest o atudants through incorporating major contro-
verslal issues in biology,

The notion ‘vitalisa' is pretrnted as an exemple, Yhether
one egrees with it or not, it 1p en issue wiich is far from being
dead, Some current meolecular biologlsts, mechanlstio in viewpoint,
sympathise with 1%, (Mora 1763),

If this is 80, then students would be likely So find the
issue equslly interesting end worthwhile, 'Vitalisa' has been
explained by a text writer in the following manner:

"In the course of history, two major

answers i.ave been proposed regarding the pgovern-
ing forces of the wniverse, These mowers are



incorporated in tvo aystems of philosophy
cailed vitalism -nd mechenisa,

Vitelisn 1= s dootrine of the supere
natural, T7¢ holds, essentially that the
universe and =1l hapren'ngs in it, are
econtroiled by supematural powers, “uch
povers have bson verlously oallsd gods,
srdrits, or almply vital forces, Thelr
influence 13 helld to determine the nature
and guide the behavisur of planets, stare,
llving things and indeed all components of
the miverse, Clearly most religious rhilose
optiles are vitalistio anes,

"hatever velue a vitalistic philosow
ply might have elsewhere, !t cawnot Lave
value in scionoe,”
frelss 1967).
Criok (126F) trokes » stronpger position when he states:
There are still some people today wio
belive thnv. the earth is flat, 4n spite of the
enoroous accurulation of selent’ilo ev dence to
the contrary, ‘nd to those of you w0 mar be
vitelist . T would meke this propuecy}; vhat

averyune believed yeasterday, and you bellewve today,
only eranks will bolieve tonoryow,”

“eny te ., rather than be explicit about
vitalism, marely igore the issue altogstier asswidng that 1t is
a deal one, owover, .rigk notes that vitsliem is not drad when
e statea:

" 13 vitalism deed?' ¢ seems to mwe that
reluctantly we must enswer, 'Wo', "

{Criok 1766),
¥era {(1363) states in en article entitled "Urge And
Yeolecular "lology” the following points:

"Living entities, at all levels and in
elsost all thelr manifestations hawve



The more 'vital' a living thing the stronger
this urge, Often this domineering, t:is taking
advantage, this fighting 1s directel against
other living entities; hut the acjuisition or
sbsorblion of metebolites, Lhe urge of pself
continuance goee m «iso in the shsoence of

orler iliving entities, for example wisn &
bacterial or nammalian ¢ell is growing or
mlilplying in & nutrient cedium 444 "he guestion
raised here 18; Are 'resent molecular approachns
suffiolent Lo lead us to the undisrstending of the
Jifferonces betwean the living and the n'n living,
or move explleitly, of wvhat I eall "biologiecal
urge'?”

{vora 13€3),

Seeondly, Mix {136%) a practising blochenist, concludes
that 11fe has a "non molooculsr roal' and tiers 18 rresent a force
wh ch 18 the drive toword meximum behefit, "h's oan be called a
'vitalistic principle’, "ovld Crict regard Mi:x and “lora, both
molocular bicloglnte, &s oranks”

Bilologicni eduo-tion currently slosses over tils
imrortent theoreticel isrue, Brief ulacusalon of 'vitalism® lo
found 1n an smberassing’” ®ow gavagraprhs In the introducti.nas of
sone toxt=books, Vet the differcnce between the 'L'vins' wmd the
'non living' would sem to be a cruoclal cne for bl logy, Tt would
seem tl.at 'vitelisn' 12 eguated with 'antiesclience', !lowever it
can be noted that some reputsdle Jjourneis in blology publish
accounts of 'vitalism',dora (17€2) and Dix (1968) are sble to have
their articles rublished in reputable hiolozigal Joumnals,

1f prastising blologists can discuss this issue (end
other issues) without being inoriminated, or having their researech
'infected', them 1t soems unlikely that dlscussion of similar
thooretical issues among students at intesoductory levels will not
denigrate thelr abilities as future successful blological rescachers,
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Furthermore, the creation of intereat by con roversy
within introduetory courgoes would probably result in two lmporte
ant consejuences, Firstly, & 'drift' from blology resulténg through
the boredon of leamning maszes of unconnected *fecte* would be
averted, "econdly, a place would be nale in Liology for those
individuals w0 are potemtlial blologlcal theoreticlans,

Tt seems probeble thet a souree of potential thooretic-
iomns s that nereasingly large group of non-methemastioal a=ixed
‘arts-biology' students, who becsuse of pro-requisites in chemistry
and physice at tertliary levels, are not asble ‘o ccwance 'n biology,
evan if they wished to do so, New approactes to rescaroh and
exemplification of wrid areas can only occur through theoretically
orlentated blologiots, 't nresent tiwse individuals are begoring
more soarce, 43 & wnsejuence blological rusearch: scems Lo be

dec.li.ing. {ievins 1973; Yellanby 1973},



(a) riclogical “eseerch,

TP theory 2 not erxphasised, tlen ultinately basiec
rescarce will siow down, Tt would probably teke & few yoars
before the 'drying ur' process manifests 1faslf, 7vilence seems
to be acoum:lating whish supgests that solecular Liclogy, beocause
of '¢s non theoretical nature, is *running out of stsom’, “ake the
following recont juotations as exanrles:

“Tue basie rescarch performed . federal

M stete agricultural receoarch orga:izations

is of -eagn L,usliey, suf‘f“ra from o 'ghogkting
- - s ~ship' and is guided

by pol cien d&ﬂmtﬂ to the Interests of
agriculture,”

(olence Vol, 150, “oe LOGL, ‘pril 1573).

A poaz bl reason for 'the shocklny lack of intellectual
lesderyoa s 18 the nbaenoce f biologleal theorotlclens leading
rezeareh, 1 “here iz no theom:tigel basis on wmii'¢h to ganerate
fros: a proaches 9 research in biclogy, then siven time, the
regoarch ‘nptitutions must "run out of stean', Recrultment end
educstion of bl logleal theoreticlans now seom: *0 Lo neceseory.
Tor exan;le, atte pto at Inereas’ng .08 production nay fall, The
conseguences of this dlasaster would be beyond the confines of
agriculturel research, I theorei!clians are necessary, ond it
sooms that they are, then & start oould i mediately be made at
intreluctory lewvels.,

Anotier approach which shows the inadequacien of a
blology which 1s nom theoretical is outlined by ¥eise (1570) when
he states as follows:
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"1 propose the fol.owing instructive
pastetims, Go Lo a library end cean backe
coples of newspapers thet have reported science
items for the last twemty=five years, {there
was ne such spate of science nows bafore "orld
“ar 'wo as ninoe), “ote down the grend and
grendiose predictions of how & given observation
or ‘naight wouid soon provide the cure of thie
discase or the sclation of that nystery, or
fumish new meons for man to menlipulate o
destiny, mnd so forth, "hon try to track the
fate of v ome items th:ough subsejuent periods
and discover for yourself how quickly most of
the erstenile Luraing news get ccld jecliipsed,
doomed to oblivion,”

(velas 1J70).

iony of these 'breakthroughs’ in blolosgy belong to Lhe
field of olecular Liologys They have feiled to live up Lo early
rromise, Furthermore tie zlitter and glamour mey bave bacn a
fe ture of ;ublig mistions necessary to obta'n research funds,
"he infitlal cmution, end provisional nature of thwese carly 'break-
shrourna® was negl “ted, "t is probeble thot eaprhasis upon
thoove igcal binlogy would fave served 10 incorporste cauvtion end
proviso. Yot only ocould bicloslem) theoretlcians sustaln long
term and fruitful researal !f they held important positisns et
research coantres; they csulc also essist in capitalising upon
already itnown finiings as bases f . r furt!er fresl: rosearch.

This howover doer not appear "0 be the oase, The
reported early promise of many resesrsh projects has not been
sustained, *eliss continues to glve reasons for the tomporary
nature of 'bresktihroughs', fle states the position in the following
way:

" +oe Doos research in blology take

bearings, 28 in navigstion, from fixed stars,

or doos it follow the erratic lines of caprice

fous willeo'~tho-wisps .,. “ome rescarch is

still decidedly goal directed; some other r:;:nh

shows direction, but no goal; and there i
sonr that even lasks direction,
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“oreover, what used to be ol ar
maorogonls for orientation have gicdually
crunbled into innurerable disconnacted
wiorotasks; «nd weny of the orisinal malor
targets for ressarch have become splintered,
blurred, cbooured, or totally lost from view,
Consequently the corresponding grest focal
guestiuns w ose regoiution wus the orisinal
concrete goal of rescargh have not w@ly
rsained unanswered but rave fuled to ine
distinetness,”

{velss 1770,
t would see: thatamajor tuak in sesearch is to piek

‘heoretical rosls, snd to pear rorvarch toward these

foals, Turthersore the olorotasks probably wovld require aynohiroe

nizinge, I¢ would aypear to be the Job of a theoreticlan, ot only

to outline -onls, but zlso "o deoide uron subezo ls of the ressarch

projeet under cunn’deration,

teiss tierefore sunrnrllier avidene {r a peneral running

down of moleoular Lislegy through o Lagk aof enchéesis upm

‘treoretical' biologzye

t.',’n gr!cu;tuw.l wionce, werica's

ﬂg‘!-ﬁum "u. *his in 5-!':9!1 n tha
reluctonoe L0 Lake intellectual detours, und a
preferance for the accumulsat' n of direct
exjperience with & orop as a mlie to nprectice,
Tt 2 reinforoed by the search for markeatable
products, (mostly cheuloal) ap the contral
strategy for improvement in agriculture, by the
practice of rosearch administrastors to aew
problems before a jeep understanding of why
scmetiing works or doesa': work has been
aghleved, Ly the wsy in which the suocoss of
agricultural researoh 19 evaluated, md bWy a
narrcw sccsptance of the presemt structure

of agriculture as & given cond'tion which
restriets optioms,”

(Levins 1973).
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Zuck (19€)) notes thaet the lack of theory in tertiary
fnstitutions will .ave long-term deleteriocus conseguences:

"To put a perscen com:sitted entirely to
molecular botany in charge of research, or
resoarc: funds, or a departuent of boteny:
would be cooparable to placing an elecirician
ar desn of » mchool of architecture ur a
piano tuner as director of a conservatory of
tusio, Mmly people trained in the varlous
arcas of more classiocal botany, dudicated to
ach'eving a whole view of ;lamt life, ouvuld
hope to alvaungs a general =nd =0re nearly
alequare understanding of ihese mam’{icant
organisms, To Steere's conocept of tavanomy
as the great unifying force, I wo 1d add

« "ithout these wost rowerful
concepts, research on plents '3 larpely
mesningless, ‘ust &8s & pisnc tiner's thunp-
ing cn the “eys nas no coherent memingiul
OS8R,

{Zuok 1364,
This paucity of thaeory at the iead of reregrob
instituticne seems to be comnonly commonted upon. 't mey bte a
reason for the *running cown' of biclogi.al rescarch st 'rure!
lavels,
“unson also cutlines the problewm:

" ese Wiology kas not yet begun 50 make
the sort of impaot on our averyday llves that
the ntysical sciences and thelr rasuliing teche
nc. vies Love made, and that many belleve Liology
will make, Genetiec engineering, the regemepration
of orgemns, choies of sex in unbomm ciiiidren, and
consciously directed humen evolution, though they
have provoked suoh professicnal wd Joumalistie
speculation, are maong the possibilities of
fluture cictechnology yet to be realioced,”

(vunson 1971).
I$ appears that bilvlo~ical reseerch will continue to
run down unless it is based upon stromg theoretical assumptioms,
If “his 1e to oocur, it sould seem that the responsibility for
upgrading theory in biology lies with biological eduestors,.



Curricula would be reguired .o prescribe biological theory to
stuients as woil as to enccurage individual studrnte sho have
strong interests in theory, "t seems likely that 'hese thecrete
lolans zay be derived {rom the enlarging 'arte-bislogy' group

of pixth zmn seventh Tormers, This group 18 hamstirung by pre=
reguisites for ndvancement n blology st tertliary levels end
generally appear %o enter the zseial sciences, vidence geens

to be mounting wvhich indloates a need or nurtupance of this
large, bul generally !gnored (roup of hip. sechool biology studentas,
‘oredver, it seens nrbsble tiat members of thie rrop co:ld

contribute $o “he survival of biolopry.
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L. lheary, Declineg?
(v} Rlologiosl “ducation,

"Fagtualisn® would be reduced; 'reductionism' would be
pisced witi.in the eontext of wiwle srganisme, nd 'tectnielsn’
would be distinguichied from the celence of bitlogy. '’at!cipatory
biology' would be streseed snd observation would be upgraded,
Ancther iaportant feature w11l be discussed,

Tt relates to the need for etu ents 'n diology to be
suporvised by their teachers:

" eee T aloo fear that the vastly incroased
nunber of postegraiucte studente, many of whom

are not £itted to entepr tio flold of ¢ iginal

research, fa: been ser!.usly counterproductive,

n a recent report of chexical departments, both

profecsors and lecturers gaid they speni on on

everage nmore then 0 per cent of thelr time

superviaing resecarch, md holf of the lecturers

ol over U0 per cent of t he prufesnors spent less

than 10 per cent on actually doing roscarch thome

salvasg o la surely the wrong cay round - a

research student w © needs 239 ol surervision

sho 13 be dolng anuther Job,"

(iellanby 1)73).

The cituaticn deseribed by cllenby could posslbly be
provented through the ineorporation of bioclogical theory in introe
ductory oourses, “esearch students with a theorotical basis from
introductory bilological education are iikely t- be adaptoble in
approaching biological resecarvch, A les: theoretically orientated
student 1s more likely to 'flounder' end require a great deel of
ascistanoe by teechers or supervisors.

Those students who have been previcusly educated in
biology which is non theoretical seem unlikely to be adaptabdle

and able to work independemtly, if the statement by Wellanby 1s



agcepted, Therefore research supervisors need to spend large
amounts of time overseeing, “ore thecretically educated students
would need lese supervision mmd this would pive time to supere
visors for their own resesrch, Alsc, theorotical blologists who
ere necessary to initiaete and sustain ressarch would ind an
imvortant niahe,
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There i1s an altermnative type of cbservstion, ourrently
rejected by biuloglcal eduostors, wiieh could ba frultfully
inoorporsted 'nto blologieal curricula, ™ iz interrretation of
observation is outlined by Tinbergen (1372):

"Gne of the most fundament-] points the
etlhiclogiste raised war that studlez ahould bde
made of the viole lifeecycle of the species -
a fine .ne vwas done on Ciehlid ok - wileh
implied of courge that ion should

8 ox _g_r;g. At the time (the nineteen
thirties and . .etoen forties’ it was not
20 Ng 30440

"e placed a trevendous erphasis uron
observetion, (bservation is o -restlve aet and
haw i arirpine the wlole

obeservational phase. Vhen you cbeserve, vhen

we cbaserve wo zre hyrothes slng £il of Lo time,
“e think 1n terms of evolution, in terms of
natural seloction,”

‘Tinbergen in "lew ~glentist’ An intervies " 1th Jonen,
"01. 1-5, -‘:’3. F‘Q‘}’ ' _rly 13’ 1 7:. "'PB ,z\i

col.en notes:

"A men recently asked .im [Tinberpen) what
were tho rulep wmhon he observed, what war Lhe
gramer, And e (Minbargen] found he could not
asvwer, e corpared the altuaticn to & prisitiwe
tribe that cen speek !%s languapge perfectly, but
could not begin to nalyse its gremmar, the rules
abstracted out of the way they sposk, The pame
gues for observation, Cood ethologists inow how
to do 1t but "hey camnct self consoliously dissect
how or why, "You can't for example teach all
pupils how to observe, You could almost lq
Sither they have got it or they have not'
Tinbergen). 7t surprises hl- too, hew w u il

abuﬂlng tncou a little like
ono of Russell's paradores, but it is not pare~
doxical at all, Tt oould be argued that eny
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philosophy of the behavioural sciences is
going to have to face the problem of what
actually happens when sciantists do observe -
what they bring to en observation, what they
selogt from it « not assune it is a replication
of the impersonal [allegedl; observation of
the physicel sciences.”

{"nterview with Tinbergen in "New Scientist" Vol,55,
Ho, 804, July 13, 1972. P 93),

Tinbergen is an ethological blologist who attaches
great importence to observetion, This has implications for
biologicel education,

Firstly, observation, it secme, 1s not =imply the
taking in of segments of external re=lity:

"Biologists have shown that the relationship
between an orgenism ond 1ts environment ,,. 18 one

of conatant igm ::[.12 view tia! the organism

mit nfluenge of its environ-
haabcome te ahle Yiow then cen men a8 a

'k.nowor' be o feltnful record of -utside events?
ess man acts upon end modifies the reality he
obteins, by transfoming hls world, a deeper under-
standing than reproductions or copies of reality
could ever provide,”

("iaget and Tnhelder 1909).
~inbergen also emphesises t:1s point:

"Heturally observation is always much
more than the passive telking in of outside
events; as many authors have pcinted out, all
observation is selective, and this selective-
ness is determined from within .., 7 believe
that observers and experimenters can find
comnon ground in ecknowledging with prejudices,
even with hypotheses and that we begin to wonder
when we find, either at the observaticnal or
experimental level, that what we observe is
contrary to our expectation; we are amased at
the refutation of what we expeoted end it is
this emasement that spurs us om,"

(Tinbergen 1972).
It can be recognised that the process of observation
(itself a bdiological phencmenon) iz regarded as very important to



biologleal eduostion, This despite the prerent situation

rhere cbeervations have be=n pared down, They eare considered
‘rure' anl ‘obective’. “hey are only significent within the
structured context of exporiments end practical exorcisss, "ut
it om bo seon tiat obgervation is extremely complew, "' ratly,
all observers bring with tlem sssumptione, of en unconsc!ocusly
teld, = ‘tieories' to an cbrervational situstion, "hat they

get from ‘he observatlonal ritualion wvaries from observer to
gheerver, ' the vbservatimesal sltuation is 'n 1tself complex
for ersn le vien cbserving behaviour of Yiwsds) thn a nurber
of bservers may sttein a vid- wvarlety of interprotetions of

mae observatisncl situetion, Tt 12 probably tiln inebuilt
cbaervsi onal variety wiich aliows for interprotive veriety.

“or examyle, 'inborgen ecnd .oreng bou. ethologists; do not
vlvays urree shout ~iildr phencmena Tinborgen 14°0), Zeeh
does not pasclvely submit to the phienomena bo'ng observed,
nstesd each reacts to the henomens, cnd the rroducts of tile
‘ntersotion vary s great deal, There ig s major implication for
educ tisn w feh reuires elucidaticn, 7 cbservation of
seeningly simple phenomens 18 verisble amimg reputable sclentists
two possible stratesies are apen to education, "he Mrst io what
soems to be happening at the present time, “tudents are belng
showmn by curricula what to cbserve, Conseguently, what has to
be observed must be made simple, This seems o be the desired
aim £ most ;racticel exercises, "owever thic strategy is not
likely to promote significantly new cbservations or new inter-
preations to blology, Theory 1s not advocated !n current biology
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to assist in "he interpretation of cven the rimplest observations,

The students ~re not encouraged to interprot 2t all, They have

litile theory =valleble to them in tha!lr courses w»'th which to

use o n basis, Therefore cheervation in current biological

adugs. ion 18 e 'lowent common denominator'! type where it e

hoped thot ol! studemts v'll apply exactly the same interpetatiins

wnd meanings 20 ldontiocal 1.enomena, Tils may be =ufiMoient for

the treining of teo'nlclans who need to acguire eimilsr -killle,

“owewar it 18 not ¢ strategy which will rive biology & forward

locking orlentation, were original aterpretations are being

slvem Lo observat’onal phiencaena, Current [joloslcel cduecation

fa curs a pésition wh' of relies upon knowing the rast schicverante,

tat 1z proposed is o :llow Tor Liclogy to louk to new

pesaiile interpretaliong, Tiis will not nvcessarily be attas ned

by attempting to make all interprei phenomens In the rome way

"an impessible rlturtion anywsy aecorsin:s to ' ‘apet snd Tnbelder).
Tinbergoen maintslng that observation cannot be teught,

Tt sermz i@l curront bi .loglical eduo tion, 1n trylng te toach

observailion, may be Bonging 1ts heald tpcinat » brick wall',

“ew interprotaticns will pooeibly arise only !f chservution io

made more theoretieal,

Blclogical education cen assist in gantributing to
‘what observers bring to the observational situation', and the
‘shat observers glean from an observetional situstion', This cen
be achieved through incorporeting theoretical biology as a pree
requisite, and as a conconitent to observation, Zducation can
develop the theoretical concepts necessary, Theory oould be



presented in a way which novel interpretations to observetion
are possible, For examrle the guertions which Tinbergen outlines
below reguire a theoretical basiss
"4, Tn what waye does this -henomena /bekaviour)
influence ¢t e survival, the succeee of the
animal?

2, Vhat mskes behavic.r happen st any given
noment? ow docs 1te Baocninery' work?

~se How does thlas beheviour machinery develop
er tho individual grows up?

he Vow rowve the behavicur systems of each
spescies evolved untll thoy becsme whet
they nre now!"
{"nbergen 1948),

These seem to be sim le juesticns, Yot they may regu’re
a grest desl of inpenu ty oncd knowledge of thoory to interpret,
fnomledge of evolut!onary theory for examle, would oull cut some
possibilities for chmervetion of rhenomena and amplify othor
possibilities, "ut simply, preliminary knovledge of ¢ heory would
foocus the cdbaerver to some efrpects rad not to others, "heoretiocal
knowledpe would dotermine possible cuections whlch ¢ uld be msked
of a particular orgenism, Riologlosl theory 's suf”iciently
articulate snd pervesive to allow for on enormous w =~ oty of
legitimate questions wihieh oculd arise,

Tinbergen stresses that cbservstion ls a 'orecative
enterprise’, It is not pared down t0 a morye lock or a smell which
is the case in present bilologiocel education, “uesticns are asked
of the organism, This requires original nd independent thinking,
on the basis of knowledge of theory, Ubservetion is used to attempt
to derive enswers to these questions, For exsmple, to find out how
a caddis fly species feods may require knowledge of the evolutiom



of insects a» well &r ceddis flies, but eleo extensive prelim~
inary observat' on may be needed beiore a stud nt csn set the
anizgl in & situotion where feeding 1z cbserved, I'ifferent
theoreticel orientutions may develop different [end sucecessful )
vays of solving problems,

Ubservation would therefore enrioh blologleal education
8¢ theory woas upgraded :nd incorporated inte courses, Upgreding
of 'theory' in bhlology would not de difficult to do, Yor would
it be expensive, Mo coaplex intricate equipment i: necessary for
its incorperation,

Tinbergoen's Interpretation of observation has a second
inportint impllcation foreducetion, bservition 13 an ‘mportqnt
and necessary praliminery to exporisment, 't seems tiat current
biologlicel educsticn may be leaving out ¢ 13 prelim’'nery - ge.
current bislogy, in xeeping with populsr belief, implicitly and
explicitly ma'ntaine that "experiment' is 'new' or blology. "u:ls
is nut the case, .xperivental diclogy nhas beon poing on for meny
years, 'aviov's roscarch was experimental, Tui cbhservotion las
been declining in $mportiuce over Lthe years, (et Tinbergen
maintains thet cbservation (wnd the.ry) is neoessar’ ~3 a pree-
liminary tc experimental rescarc:, Cbservelion allows for the
development of possibliities wiich can then be used as & basis
for later resegron:

"I belleve that we shoulid observe and

desoribe before we experisent; and second,

with regard to behaviour {es with all life

processes) we should ask the question "Vhat's

the use of what the animel does?" Does 1t

contribute to the enimal's sucocess, and if so,

how? as well as the question ""hat makes it

heppen?”
{Tinbergen 1972),
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At present it seems ' nt a great deal of erperimental
biology is beinz carried on at advanced levels vwitbout preliiminary
observetion, "hia strategy is llkoely to limit possibilities for
rescarch, Also there 18 tie dinger that organisms will be studled
out of context of their natural habitats, and eberrant findings
may be accepted co bolng ‘true', merely becsuss thay ave bsen
*experimantally' derived,

Riologlonl eduontion could assiast in rectiflying this
rituation by incorporating an extensiveo cbaservstion piase into
biologys I Tinbergen'e opinion !e accepted, !t may be best if
introductory co rpses conomntrated more unon sbservational activity,
md left advence. blolorieal educstion to deal with tie exporia
mental aspocts of blology, Yomeover, not all introductory students
will become blolosleul roscarcrers, Studente w9 cre not lntending
to sivinece in biclogy, would {if observat! n wes riven importance,
be wade nore seare of their surroundings, “tter-;ts ot ‘experie
mental blology' in the form of laburatory oxercisvs nsy bo lees
effective in developing tiis smareness, Furt ermsre it oay be
necessary for experienced blologiconl rosearchers {o retum some=-
times to the obeervationcl phase to help clarify or develop
hypothesesfor research, A third important implicetion for education,
if Tinbergen's outline ic to be taken nrlwm.w bielogioal
educators, is that field cheservation would be an extensive and
and integral part of biological education,

It iz known thet very young children have a keen
interest in their surroundings. (Balley 170%; Leach 1946; Deggs
1954 Comstock 1960; Termy 1371). Tt seems that this early



interest is part of ‘exploratory behavicur' (Tinbergen 1968),
Feinary school curricula in "ew "ealand once empheasised
Neture tudy, (7 inee the lste nimeteen sixtles 2t /as been replaced
by more 'e-perimental 'and physiocal) science'), ‘omsver, Wature
tudy eunphssisesobservation In netursl surpoundings, (nd it
capitalises uron the keen interest .f young o ildren,
fZmphasls upon cbservation at sccuncary schiool levels
{especlally field observation’ has been contracted, Yet “inbergen
{1772 is sdvocating an extension not a contracticn of the
observat onal poase, Tt e contended that t.la extonsion oculd Le
incorporsted into secondary school biclogicnl educstion, Thla
eould e accomplished by introducing cbservotional studies efter
the style .f Yature Dtudy, Lis approagh is presented in a
readlly avelleble .orm (Ra’ley 1307; Descgs 1)54; Cocatock 60,
Tt would serve to extend and isvelop ihe ubservatiunal seguence
currently being neglocted, "ne incorporatiun of "'sture tudy (as
with the ineorporstion of theory) wo 1d be inexpensive, “quipment
for observing organisas 'n the fleld, and Lor keeping them ‘n
'intemal habitats' in the leboratory oosts consiierebly less than
8070 sophisticated exporimental equipment currentlr being jurchased.
" 4th sy subjeet, of sourse, your first
concorn as & teacier ia to nake it live for the
child, so that when you come to teach nature
study which deals with iiving things o child can
touch, watoh grow, and look af'ter, your work has
already bepun for you, Beceuse plantd and animals
change and move,
to ‘s
te ve you should be more concemned with
et Kl bt Suous b uklimte; & pein
orms end ocutlines; A primrose
far from being rerely an exemple of botanical form,
is a forerumner of spring, & thing to be locked

after, with petals that sttrect bees and effective
devices to use them for orcss pollination,”

(Peges 1754).



This gquotstion serves to hignll 4 that observetion
of live organisms is most importsnt even =t very elezentary levels
in prisary schools, It alsv emphasises enother important feature,
currently nezlected in biology - namely 'hsbite' snd "adaptetion',
foth: of these notians are very complex end theoreticel. (Lucas
1)71; Tinbergen 1372). Yot these notions can be initlally developed
with or'ldren et very clomentary ievels. "f theoretical notions
in blology can bo begun at primary school levels, then surely
theory and observation can be successfully further developed at
scoondnry schiool levels, Thimdly, interest p generated Iif live
organisms are observed within the contert of their natursl habitats,
Seges in his bosk, instructs teachers to:

"consanirate attention on living things

g are real to the ohidd, rather than upon

genaralities malch «ye remote from his world

of thought, Une live sparrow will Hold hie

attention bester than any discusesion on bills

and legs of b!rda,”

(Boegs 1754,

Tmplied in tois statement, i that bouredom will acecrue
iIf a grest desl of clscussion ocours, 'U'iscuss on’ can cover a
wide variety of wmeeonings, but at its eorst it would be likely to
create less interest for children than would observation: f live
organisas, with little accompenying discussion,
A number of suthors speak of 'boredon' among studemte
in solence at more advanced levels,
Koestler puts this case strongly when he states:
“It is the academic cant of relstively
recent origin, that o self respeoting sclentist
be a bore, that the more delydrated the

of his writing, the more technicsl the
Jargon e uses, the more respect he will comnand,



230,

T repeat this 43 a recent feshion less
then o century old, but its effect is
devastating,”
(zoostler 1964),
Tt would seem that in dealing with desoription end
facts, current teoxt writers seem to b2 mullty of the charge that
Zoactler mekes, "he devastating effccts of wivlch he =peaks couid
include a 'drift' from b'ulogy, Yoreover, text writers who write
in the manncr described implicitly hold that sbility to delydrute
the style, and ‘o incorporate Jjergon c¢mn indeed be euated with
*in.allectual rigour', (tenhouse 1972), "hls tendenay among
biclogical educators is noted by many students wio readlly becomo
aware of the frendulence of such & situstion, md hemce ‘drift'
from biology by voting with their feet ,
Secondly:
" ees Scionce tegohing nowadays in too
many schools, iz rather too factual, too dull,
and not obviously relevent to Lumen ond social
af ‘elrs, Young people get & mental rioture of
soclence as a rather srid and not really
challenging subject,”
("rien 1968,
Arian is reforring to tne rresent -enersl stiuation
wiich stresses experiment and fact, as opposed to cbservation and
theory, Far from Sreating interest, thi:= mode of approach in
biology may have iong-term consequences:
"0ne of the valuable discoveries which the
Dainton Committee has to rejort is that students
following solence tend to be looked after by well

mmw.mwtmmuuma

nult .
(2¢itorial in “Nature” Vol, 217, ¥Wareh 21, 1968, Page 792).
Teachers in blology appear to have difficulty in

bresking from the ways they thomselves were taught at sohool.



Consequently an ‘orthogenioc' situation occurs, This can have
deletericus consequonces for future blology. (Stentouse 1972).

From the evidence cited, a major contrast has been
developed, (n the cne hand Teggs (135)) emphasises 'observation’
and "theory’, He 13 cuite explicit shout the sustalined interest
which cen bo generated through theory, flield observation end
live organisms, Un the other hand in secondary schwols, current
biclogy downgrades fileld cbeervation snd derides tihe oxtensivo
use of biologlical theory, Sustained interest lhac deen reduced,

L 'drift' from blology is coccurring ot tertlary levels, "he
"lgture” article (above attaches a great deal of importance
forealistic teaching in sclence in seocondary schoole, as a cause
of boredom, end of the 'drift' from blology.

A solution therefore seems t9 be Tairly cbvious,
‘neorporate the methods /not the exast content) of Yature “tudy
into secondary school biologiecal curricula, Th's woild genercte
interest in blologye. The yotionale and methods of Tature Ttudy
are outlined in Ralley (1307), Beses 1954) and Comstook (1261),
£l authors stress field study, 'oreative cbservation', ‘es oute
lined by Tinbergen) end bliologlesl theory {adaptation, *survival
velue' end naturel selection,)

The methods of Wature Study appeared to have been
educationally profitable in prisary schools, Current seccondary
curricula in oontrast are using 'exporimental’, "factual' and
'lecture' methods and generete oontra attitudes in students,

A rejoinder to the need for the methods of Wature Stuldy
to dbe incorporsted into secondary school curricula biology, could
be that these methods are glready being used through the emphasis
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which is currently being placed upon ecology, There are historical
reasons for assusdng that ecology is no more then 'ocleaned=up'’
Tature Study or Watural Mistory, Disney {1747) mekes the distinc-
tion expliecit, end he aloo stresses the ‘mpurtonce of Ystural
History:

"The ides that ecology has supplented
natural tuatm {the Tormer bainr regarded as
‘clesmed up' natural history) ... is explieitly
steted in 80 meny words by other euthors (e.g.
Dowdeswell 17597,

In seeking for the origin of t.is fallac-
lous view of netural history it arpears, surpe
risingly, to originate in Sitom's two stimulating
booka {“lton 1327; 1933), l'e refors to ecology
as scientifioc natural iistory, and apain states
"eovlogy represents partly the appliestion of
geientific method in nat ral hiotory ... " The
failure to daf'ine natural history coupled with
the such nlisused phrase "sclentifie method”,
would seesm t9 undeprlie this confusion of thought,
T Serm "solentii'le method” as opposed to the
terms scientific methods or experimental proc-dure,
styictly represents not 80 much e bag of 80 " 1se
ticated toctniques end aathemstical tools as the
rofusel to accept any authority otier than
observadble facts, "™n the famous aphorisu of Louls
Agassis Tqu ted in illee et.nl, 1247 "study
nature, not buooks”,

Tn exposing this confusion of thoao.ht,
my intention i{m not ¢o indulge in & pedantioc
qu‘l,bhlo, but rather to Hgblight the current

o2 DU8 3 CE, . O FY b ) D £

pro mmumcunmtm
u Mtntiﬂo investigation but frequently lay
the foundation of a life-long hobby, Protlems
in natural history, heve the sttraction that
they are nommally conceptually simple, although
they may require considersble ingenuity end
sophistication for their solution, Thus the probe
lew "whet does species A eat?" 1o con

very simple, although seascmal geographicel, age
and sex diffeorences nay meke its solution & most
challenging exercise and may involve quite
sophisticated techni ese Oy cuntrest, meny
ecclogical projects (such as the construction of
an energy budget for o stresnm community) tend to
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fetural history can provide endless
prodects wiioh traln stud«nte in both
erperivental procedure, as well as the
currantly neglected skill of coumpetent
observation, and he lusginative use .f
circumstantial ovidence,”

Theory, orestive observation, snd natural liistory are
interrelated, ! isney stresses the impbriunce of evolulionary
theory in natursl history:

"Recause of ita primary intorest in the
individual species, acturel history exhibits no
overall concept sueh as the ecosystem in ecology.
The naturallst aims, ultimetely {ir theory at
least) to construet a comparative naturcl Listory
of 8ll crgenisms, Tn practice tie naturalist tet ¢
to 1imit imself to a2 small group of species ~uch
A2 & FONUB 44¢ OF 8 £anily ... Or t0 2 Apecin]
hebitet, Slthough natural history Las no conoept
snelorcus to the ecosyatem, the  heopy of
MM&M"M
go rarative natural history becom! B 18

1 £ e« The bioclogliats interest in

releting stmowrn and physiological adsptations
t0 the wgys of life or orgsnisms, wus enarmously
stimulated by the cvoluticmary cutlook, "he
naturalist hiopes that his studies will throw
light on en organisa's peculiar pro'mrtiu.
wall as the evolutiomary origin of tlhose properties,
The ecologist, by ocntrast, hopes that his studize
on the reguletion of anlmal nucbers will reveal
sporative salection pressures involved in evolution,
Evolution studies loock to natural history for under-
standing of the function of many adaptetions and to
ecology for insight into the mechamnisms of evolution,”

(bisney 1970).
Tinbergen notes thet Neturel History in blology emphasises
how little 4s kmown sbout orgenisms in their environments:



"The Neturailst imows perhape better then
any other zoologist h w immensely complex are
the relatinships betwoen an mimal mnd its
environnent, how numercus and how severe nre the
pressures the enviromment emerts, the challonge
the enimal has to meet in order not cerely to
survive, but also to contribute subotantlelly
to future goneraticns, '@ also reoalises how
little we really know, Yot what we want to know
is a great deal, "o need to exanine not nerely
whet!.er a certain feature is of aldvantoge to an
aninal ; we aleo have to find cut Bow it contridutes
to survival ... 'n these fow ~omds T have tried to
outline in perhaps oversimplified terms vhet is
roally a sajor programme of researon, & rrogromme
wiiloh, in srite of mueh fascinating work alreedy
done 1s =t1ll in great need of development,”

[~inbergen 1344,

Finally "latural ‘latory is ‘mportant bocause it
forred a banis for the derfvedtion of twe preat blologioal tlheories:

® ees D'0logy com, and does, desl with the
sotivities of the whcle intact wnimal, “re ol1a
narural | letory, wh'ch superior persons cre apt
to iismiss as unseientifie, bu. which nevertieless
i3, a= " ,'s "heeler soys, "the perennial roote
stogk or gtelon of Liolosical =cience” waa conoerned
with the | oblts of snimals az nalvel: observed, and
with tieir adastation 1o environmental conditlions,
Y@ should do well to remember trat LOth the mein
hoories of orgonic evolutiocn, Lamerckisn and
Tmwinisa dovel ped ocut of this desplised nstural
bistory study of Living «nd intact animals, (f
recent years, two young and vigorsus brancles
of blology have differentiated cut of tiils originel
matrix of natural history - the study of behaviour,
ad the study of animal ecology,.”

(nuseell 1933).
In conclusion, it is held that the incorporstion of
Heturel 'istory into biological curricula at introductory levels
would serve to stem the 'drift' of students from biology. Poredom
could be rerlaced by interest, doubt end wonder,
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More significantly, with the current problems for “an
beconing more blologleal the importancs of 'Man in his eavirone
ment' will becowe increesingly impor:ant, Tf ind!viduals have
been previocusly educated in the problems of how logcal common
organisms cvercome the vicissitudes of their particulsr habltats,
through Hature “tudy or Maturasl Histery, these people sro more
iikely to be sensitive to the grineiples of conservetion,

“oreover, if Yatural History methods were incorporated
into current curricula, more students would bo likely to study it,
"he sheer increase in numbers cof environmentally swsre individuale

would gerve perhaps to assure the survival of Yemkind,
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