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ABSTRACT -

’ . A This article presents the subject of English for
Specific (or. Special) Purposes (ESP) from*the point of view of the
school teacher «or university lecturer attelpt1ng to teach science to
students for whda the medidm of instruction is a second language. The
skills a student needs in order to achieve success in a science are
analyzed as: (1) discipline-specific--strategies for extracting and
patterniny the data in a particular field, (2) general
organizational-~for presenting data in written and iconic form, and
(2) linguistic skills. In a secopd- language situation, the teacher
cannot assume that students come equipped with these skills; he must,
therefore, teach them in addition to the scientific content of the
course. This places constraints on the organizat1on of the course and
on the materials that can be used successfully. High-level science

-materials, such as lectures and lesson notes, pnodifiable to fit the
devel of the students' abilities. What seems to be called for is a
set of integrated materials which require increasingly complex
communication skills and which provide for individualized learning
activities. The close cooperation of science and language specialidts
is needed to produce such materials in many scientific areas. (TL)
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THE SUBJECT commonly referred to as English for Specigic (or Special) Purposes

is curréfitly attracting a great deal of attention in many countries, particularly
in the”field of science and technology. This edition of ELT Documents presents 3
papers which appgoach this subject from a different perspective. Two of these
record vaduable field experience: in ope case in an overseas situation (Tabriz),
i and in the other in Britain (Venezuelans at the University of Essex). The paper
by Dr J Cleary presents the EST problem from the scientist s point of view and
(o} shoyld give teachers of English an insight into what the head of a science

\r) departmpent might ask of the English department. Dr Cleéary is both a chemist and

2680

an’ edudationist. He has had experience of both the British and Amerjican educatipn
. systems, has taught in both L1 and L2 situations, and has been involved in teacher- A
training, curriculum development and materials design. HI¥ paper, ’Science Teaching,

/in a Second Language Situatioﬁ' should proV1de insights for all teachers of
English who are teaching science students. ; It is hoped that all 3 articles will
:: assist those engaged in th& design or adninis&ration of EST courses.
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SGI%&QE TEACH!NG IN A SECOND-LANGUAGE SITUATION < J Cleary

*
Physicg Iecturer: As a result Jt this deérivation, claps, we
s, arrive at th% following expresaion. w2,
Student: . No, sir. Pie are round. Cake arq square.
o v —_—— T | 3
1. An overview “@

*
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THE SCHQUUIEACHLE or university lecturer faces a variety of pibblems in
attenpting’ to teuch science to a group of students where the medium of
inatruction is a second language / This paper will present one view of
thoge problems, as seen by the- s#ience teacher, and suggest s way of
claswlying the knowledga and skills areas in which problems secm Lo arise,
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When considering his students, the science. teacher is confronted by

2 distinct problem areas. The first is the area of content, the knowledge store

of the students, and the second is the area of skills needed for success in
the study of a science. The science teacher assumes a certain knowledge store
" in his students and i$ concerned with adding'to,it. In order to achieve this,
he must give his students practice in th?,dfills essential both to the
acquisition of content and to its approptiate manipulation. §Since the
acquisition of essenti;l skills is the key to the acquisition of essential
content, the chief concern of the present paper will be with those skills.

. ! .
The skills area, though regarded as a whole in many cases, is here considered

as comprising the following types: Jd
1. d1scipf§ne spec1f1c skills - concerned with data extraction and |
. patterning in a specific .field ) "
2. general organisational skills - concerned with general presentation

and manipulation of data in many areas
3. linguistic skills

The, problem of finding suitable teaching materials is a broad one. Teaching
materials are here classified as materials which are open to modification

by the lecturer of teacher, such as lectures, lesson notes and independently -
produced materials, and those which are not open to modification, such @as
textbookg and journals. But, as will be pointed out, this seemingly clear-
cut classification need not be a rigid ond. ‘

This paper explores some of the problems arisiné in teaching students in a
‘second language from the perspectives of the classitications given. It
analyses the needs of the student “in order to achieve success in a science
course and suggests some means of meeting those needs.

. B . . [l ‘
11 The students .

with the advent of taxo ies of educational objectives such as Bloom's
classificatign*w\it has become normal for science educators and lecturers to
attempt to present short- and long-term scientific objectives in detail

and to indicate skills in specialist fields which students in those fields
should be equipped with. Beard2 summarised one categorisation of skills,

which a biochemistry committee utilised for examinations. The list included:
o .

't?%\\w 1. recall of specific facts-..
»Q§‘“2. recognition of meaning or implication
\f§~, selection ot'appropriate generalisations to explain phenomena
4.5 nterpretation of data presented in a variety of forms .
5 plicatiOn*ot principles to solutions of problems ot a familiar type
6. analysis of unfamiliar constellations of events
7 evalu n of a total situation -
8 sxnth:ffgkaitdata into new and meaningful wholes
" R .
“A moment's reflection on list will reveal th‘t, far from being specialist
skills only for biochemistry, e hierarchy of skills indicated is in fact
applicable tosmany fields, scien®

further broken down, and each skillr
the DISCIPLINE-SPECIFIC, general organi

be considered from the perspective of
nal and linguistic skills involved.

For example, let us consider item 4 from the l1iR% above: 'interpretation of
data presented in a variety of forms.° Students miWk{ be given a reading
summarising the treatment of rabbits with coal tar to y uce tumours. Thg
reading might inglude information on the number of rabbits tFeated-and the
number of tumours produced ‘under various conditions. Scieptific skills involved
. -25 - ) N
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-and non-science alike. This hierarchy can be |




in the interpretation of the data might be: 1) recognition céftrend- in the dn&t

which.indicate accord with hypotheses concerning formation of tumours; 2) assessment

of relevance of the data for the support of different theories concerning tumour

formation; 3) suggestion of further experiments to be attempted as a result of the

data. However, use of these scientific skills would depend on organisational skills

which might be necessary for dealing with datg\in many different fields. Organisational

skills useful in the task of interpreting the data in the above situation might

include: 1) ability to translate the data from a written:nccount to a simple

tabular form; 2) ability to produce a graph of the data, given the variables to be .
/:) plotted; 3) ability to list the suggested-further experiments in a logical order.

.

The patterning skills used may thus be fairly narrow ones in-a scientifit area’

ch as deciding whegppr part of the data is extraneous to a particular theory or
fairly broad organisational ones such as production of a table from written data,
which is necessary for many fields.* The third area, language skills, is -
the area in which the science teacher feels least able to cope. What lingui-tic
skills are necessary for students in the situation of interpreting data? Does the
student need to be able to recognise me\ning in particular clauses, divide -entence.
into logical and meaningful parts, or organise data into groups of related readings
or observations? In shortﬂ what language skills are essential to the science
student if he is to mucceed in the.task of interpretingdata? Given students
who encounter problems in interpreting data, the science teacher tends to feel
that what students lack is the ab}lity to relate organised data to a particular
theory, when the real problem may lie in their inability to organise the data in
a coherent manner in the qi}st pluce

The npproprinte discipliné-apecific skills will obviously vary for the different
specialist areas, but overall attempts have been made to specify the skills used
by a scientist in doing sciencge', and the activities associated with ‘critical
thinking' 1in science. Con-idprution of the pracess skills from‘u primary science
programme oh the one hand und an analysis of critical thinking in advanced physics
on the other will service to indicate the types ¢f skill necessary at different
levels. Science - A Process Appronch4 takes the yiew that a scientist's behaviour
constitutes a complex set of skills which incluges the following:

b

a observing, eﬂ lormulngang hypotheses
b. measuring ' ﬁ’f. cont;olling variables
c. classifying /g." inte*preting data
] d. predicting fh. experimenting *

Burked sﬁgzésts that a person uses such skills as the folléwing in carrying on
., critical thinkihg in physics:

1. criticising faulty deductive reasoning
2. recognising what asshpptions are to be maintained in drawing inferences
from data ‘
3. selecting the hypothe, 4 from a group of hypotheses, which most
adequately explains given data

4. criticising experimental procedures as to the pertinence of the
procedure to the problem‘under consideration ‘

5. recognising the existence and the extent of errors of measurement

-
.

- — e S R S

* Cf.the model presented by Jones and Roe on page 35 of their papev3.
Discipline-specific skills are related to formally learned strategies for:
extracting and patterning data in a particular field. General
organisational skills pertain to their ‘general cognitive strategies’' and
to the patterning of data infg}ved in written and iconic presentations.

i
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.However one specifies skills in a particular discipline, they can be sesn to be
related to the second type of skill outlined above (gene 1 orgini;;}iﬂzzl
skills). For each discipline-specific skill -ontionod, there are géneral
or‘;nilntionul skills oh which it is based. Making ob-ervation- of appropriate
data is useless if the observations are not carefully and, concilely recorded.

A chemisi may be able to make measurements on a series-of reactions and relate
the results to a model, but still be unable to communic his fesults in a
1ogical manner. A student.in phy-ics -2y recognise variables which could
affect the period of swing of & pendulum, and ye# be unable ‘to state how,
systema ically, to vary them ond'by one. ud, success in a particular task.-
_depends ‘not -only on the plrticulnr scie ic skills relating to the extraction
"of data or the perception of patterns the data but also on the student's
proficiency in organising and presenting U tterns he perceive- -

In a first-language situation 'tho lecturer usually’ as) s that students hnve
some basic orglni-ntional -kill- ‘(though thi- assumption ma t always be
correct). His problem then lies in teaching the knowledge and skills peculiar .
to his field of study, asking the students to emplay-linguistic and organisatjonal
. skills as needed. Howeqver, in a locond-lnngu.ge situation, the science teacher
most often ca t assume that studerts come to him equipped w /jthﬂfﬂz necessary
organisational/skills. Thus, in addition to teaching .pocifiE*ET;EIplinnry i
"skills, the tgacher must also give his students practice in:basic organisational.
ikill-. Thil added teaching load pluces certain very real cOnltrnint- on the
dilciplinnry skills and content which oan be présented. 1If ?tudent. organisa-
tional skills are at a really basic lovel they should be nnkedﬁizyn,iCti-e
specific skills in a discipline and process scientific data gﬁly at a
correspondingly basic level until their porforlnnce shows qp‘t'they are ready

to procoed to a higher level. dﬁmu,’

In a second-language -itultion; not only can the science teacher not assume
basic organisational skills; very often he cannot even assume basic, linguistic
skills. This problem places further constraints on the orgnni-ntion of the
.ciongp course und on the materials which can be succe--fully used.

-From the students' performance in the classroom, it often appears that either
their mastery (mesorisation) of content excoed- their skills, disciplines,
organisational or linguistic. .The result is a general failure on the part of
the students in any task requiring more than simple recall of facts. Here it

is useful to recognise that students' problell can be attributed to a failure
in one or a combination of the areas of skill mentioned. A lack of organisa-
tional skills may well prevent him from communicating his findings at all. :
Thus, 1n a second-language situation, the science teacher is crucially concernedf
not only with spexific skills and content but also with the training of a /
broader set of skills upon which the acquisition of disciplinary skills and the
processing of scientific contont depend. .

8 ’ ' ‘
Gagne has proposed a noderfo({hierarcpicl of organised intellectual skills
which he terms 'learning hier ies'. A learning hierarchy pertains to an
intellectual skill and the lower-llevel skills that are the prerequisites of
this skill. Gagne suggests that if studénts are asked to perform a high-l vel
task they must possess the prerequisite skills at successive lower levels /upon
which the high-level skill depends. An analysis of tasks involved in the/ high-
level performance can indicate the prerequi-ite skills which are necess«ry.
These may be analysed to determine  the lower-order skills needed for success in
them. This hierarchical analysis may be continued down to a level where the
skills are known to be possessed by the students. From this analysis, possible
instructional sequences may be proposed. The analysis is valid only in so far
as it can be shown that sthe proposed lower-order skills are actually necessary
for the learners in orfder to learn the higher-order skill.
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If students in a -ocond—lnnguago situation encounter problems with a particulur ~ . ‘{i
scientific task, the science teacher may need to analyse the task involyed. with

respect to the types of skill required. Lack of a prerequisite subordinate skill

such as language proficiency may be the cause of failure to perform ndoqunt@ly .

on & higher-order scientific skill. The undorltnnding of a scientific principle -

may not itself be lacking, but the ability to exprops understanding is. Recent *

work in the ares of p??gi;l- of depth-perception in chemistry has also shown

‘the complgx interrelatiohship of scientific, orgnni-ntfbn and linguistic ¢kills. . -

Nicholson studied the problems which first-year students at a Nigerian
university encountered inh understanding depth and spatial relattons in 2- L
dimensional diagrams of framework models similar to those found in chemistry
textbooks. University lecturers had had problems with students who could not
follow discussions related to the 3-dimensional spatial relations which were -
represented by the 2-dimensional drawings. From Nicholson's work on thig

problem, it appeared that successful perception of depth and spatial r.lntionp

kS
-

in tho diagrans was related to skills in -everni/inr-° . L :
a.* students' ability to deal with the -oleculnr .tructure of lOd.ll é;:’ o ' ,

(scientific .kill)

b. students' ability to underltnnd the orgnni-ution of u‘picturo by uli

o the depth cues of the pictute e i
o .
c. -tudont- understanding of words such as 'plane', 'left/right' or :
‘nearer' when used with reference to a drawing or to the model it
represented (linguistic skill) . e

‘Consideration of the problem from these aspects ennbled suggestions for remedial

materials to be made. .

III Materials . : ; —

A second set of proﬁlonl facing the science teacher in a second-language

" situation concerns the materials available for use in teaching a science course.

Science educators’ generally agree that equipping students with scientific
skills involves more than just 1o§tuxing to students and providing them with
seminar and laboratory experience . It involves placing students in situations
where they can practise their skills to gain access to the knowledge of a
particular field and apply that knowledge to the solution of special problems
in that field. A key element in providing appropriate practice situations
involves finding materials which .allow students to practise skills at an
appropriate level commensurate with their scientific, organisational and®
linguistic abilities. ~ :

A major concern of the science teacher is that high-level science materials

such as university textbooks and journals, which contain important content in a

field, are often presented at a level which is‘inaccessible to students with

limited linguistic and organisational skills. Such materials are unmodifiable

in that they represent the . terminal-skill level which the students must

eventually reach. If students are to be competent in a scientific field, their
linguistic and organisational skills must be brought up to the level demanded - .
hy the literature of the field. ) :

Below are proncntod excerpts from articles inh 2 chemical journals, to givé an
idea of the literature of one scientific field which students would eventually
be expected to cope with: -
Example A: A particularly striking example of the practical advantage
which has been taken of the relative unreactivity of)-olid- is the

w7 t <
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» e . 'molecular. packaging’' of unsaturated fat{y acids, thus protecting them
- . Ly frqm oxidation by incorporating them in the channels of urea crystals im
: ‘ -~ the form of urea inclusion compoynds. Notwithstanding the impression
- which might be obtained from such examples, reactions believed to occur
between molecular crystals aand gases have beén reported for more than a
. century. As an example of such a reaction, & piéture of a single crystal -
of 2-naphthol reacting with ammonia is shown in Fig 1. Curiously, certain’
reactions of great practical value, those of graphite, the ultimate .
polynuclear aromatic hydrocarbon, with gaseous oxygen, water or hydrogen,
as well as the interesting intercalation ionction- of- graphite with
potassium metal vapour or bromine vapour, have been almost totally ignored .°
by the organic chemist . .
 Example B: ,Saxitoxin is the, neurotoxin isolated from toxic Alaska butter
_clams (Saxidopus giganteus), toxic mussels (Mytilus californianus), and
axeaic cultures of Gonyaulax catanella. Recently, it was also fgund tq be
.j‘i!int in aged extracts of scallops collected during a G. tamarensis bloom.
It is among the most |toxic substances known, with an LDSO of 5-10 g/kg

- .

-~ . (mouse, ip). The che iltry of saxitoxin has been complicated by its
“ noncrystalline, highly polar, nonwlatile nature, and even the molecular
formula has been a subject of debate. As a result of extensive chemical
abd spectwoscopic work, structures 1 and 2 have previously been reported
in the literature. W¥e have succeeded iy crystallising the
R p-bro-obonzono-ulionnto saxitoxin and wish to report t&a structure
deduced frem a single-crystal IX-ray diffraction study as 3~ . -
Both examples represent a rather distant goal for iLny setond—=language science
students. . .,
These oinlplo- also bring to light another interesting point with ;}ilrd to the
level of  skills demanded. This is that, while some technical writings may
require equally advanced linguistic, organisational and scientific skills, others -
might require an advanced level of one type of skill and relatively simple
levels of other types. PFor instance, in terms of scientific content and
scientific skills assumed, Example B requires a very high level of proficiency
and Example A demands a much lower level. Howéver, in terms of language skills,
Example A is oxtrg:oly difficult and Example B simple and straightforward.

The textbooks of : scientific field are also unmodifiable, though at the
beginning the teacher (or i stitution) has any number of different texts to
choose from. Once chosen, /however, a textbook cannot be modified snd may present
problems throughout the course for second-language students unless their
linguistic skills can be brought up to the level of the text. The textbook will
present the gréatest difficulty to second-language students it it is used (as

is often the case) as the chief or only source of information and readings

which the teacher and students rely upon. -

Another problem which may :;130 with the use of a single textbook is that of
‘logical’ presentation. Any textbook presents an exposition of concepts which
are arranged in what:the writer sees as a logical order. This usually means
that. data, concepts, rules and conclusions are presented step by ltop.f'novovor
what is a clearly 'lofgigal’ presentation of materials may be psychologically
poor from the point of view of the student's assimilation. Ausubel states:

< - +
Probably the greatest damage can be done through neglect in those highly
structured areas - such as the physical sciences and mathematics - in i
which long chains of related ideas or arguments are developed sequentially,
each chain in the sequence being dependent upon (often a correlative of)
its immed¥ute predecessor... o Comprehension fails in such a chain vhon.\

\
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for gne reason or another, one of the I'inks is not udoquntbly 'rllpod and

:‘:11dntod. One major reason fQr the student's failure to consolidate -
5‘d therefore to comprehétnd.- derives from a naive confusion (by-many
in-tructgia) of the 'logic' of "the -ntorinl and the p-ychology of
/learning™ . . .

r// ° ' a ¥
Tho;point here is that nlthoygh a textbook presents mpterial in an order VU1ch .
thq writer considers logicsl, some students may not learn easily in the logical .
vny the toxtbook-writor has set out. As a result, in add{tion to possible L
d#rricultio. with th,/ian‘ungo of the textbeok, lOI. students may have difficulty
IOnrning material bécause of the order in vhich‘it is pr.-.ntod o~
i
/bn the other hayll, if the -cicnco teacher is free to choose and u'o a number

f types of material which dan"be. nodifiod to fit the leyel of the students'
abilities, his chances of achievimg success with the .tﬁdont- seen far groéater,
though,li. problems are by no means over. He can try to comtrol the level of
the prganisational and linguiatic skills demanded of students im lewrning
/ ®ituations. But in the case of linguistic skills he can do'this only in a
/‘ 4oneral way, since he himself is not skilled in the preparation Pr carefully
. controllxd and graded language-skill practice materials. To sucteed horo, the

' science teacher must ask for .assistance from language specialists.

.

-

, More and ioro, scieice lecturers are recognising the need to make use of various
. methods of presenting data at a level appropriate to students' skills, and this
| t Oof the second-language situation. Audiotape/slide
{ sequences, videotape presentations, programmed texts, programmed work-sheets,
. condensed lecture-notes, films d structural models are examples of modifiable
-materials which can require a controlled, selected, specific communicative
| response, or an-uncontrolled original* response, from studemts. Content at
various levels of difficulty can be presented to students by the methods just
listed. The level of skills demanded can and must be modified to nccgrd more
clo.oly with the levels of scientific, organisational and linguistic skill which
the students possess. Again, the -cionco educator is confronted by a problem
he will not solve alone. But recognition of the problem may be the first step
towards a solution which can be achieved by the joint .!fort- of specialists
in 1lngul¢t and .cionco.

.

IV Needs and means

Giyen the abowe probl pertaining, first, to the second-language science
ents themselves, secondly to the materials available to the science
teacher, what are the needs of sciemce teachers in a second-language situation,
and what means can be found to meet these needs?

rirlt. the -cionco teacher needs to help the -tudont- to develop an 1nto.rnt0d
body of background knowledge consisting of meaningful scientific conc pt- and
principles which are systematically related. Then he must help them ¢ develop
a set of skills with which they can ¢perate on their background knowlod;o and
acquire new knowledge vhich can be integrated into the existing cognitive
structure. This 1Ip11‘l placing students in situations where they are asked

to use the skills thoy Dossess and in doing so develop these skills further.
Students need to be able to obtain new knowledge from any appropriate source;
they need to be able to communicate the knowledge they polho--, and  they nood
to be ablé to combine their existing knowledge with new knowlodgo to solve
problems in their fleld. . / ‘ -
As for the problem of materials, students need practice in reading - everything
from textbooks and lecture-notes to tables, diagregs, articles and reviews - at

N
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an }pproﬁ}into science-content level. They need pf;cticg in listening - to
» lectures, sglide/tape sequences, audiotapes, videotapes and the comments of other

students ln discussions on appropriate science content. They need practice in

writing and discussion in situations characteristic of those in 3h1¢h a
_dcientist finds himself: ' producing and discussing reports and articles,

presenting short seminars, working on problems and producing written solutions,

engaging in simulated activities, summarising literature articles and

constructively criticising data, bypotheses, theories and research findings./

*

From the science teacher's point of view, this does hot mean prnct(;ing ose

. skills on isolated bits of content nor practising scientific skills apart from
organisational or linguistic skills. Whether it is a first-year university
student. writing a biology report on the comparison of several different’ types

of cell or a .research-worker engaged in writing the results of a series of
experiments on a new enzyms, the skills employed are not isolated as scilentific
or organisational or linguistic skills. They are used simultaneously, and in

the learning situation ‘they should be practised simultaneously at a level
comménsurate with the student's degree of proficiency. This, of cours®, assumes
that the student's level of proficiency is constantly being raised thrdugh . A\
eontrolled practice. ’,’ )

‘ : #

What seems to be called for is a set of integrated materials which rog‘ir-
increasingly complex communication skills. At a beginning lovol,}:’(ng}voly
simple scientific concepts and skills must be accompanied by simildrly simple
organisational and linguistic skills practised in the context o;fn significant L
scientific task. The student should be mainly conscious of déveloping

" gcdentific skills. 1In order to succeséd in the scientific task, he must use the
organisational and linguiltgp skills, but without necessarily being aware that
he is using them. VWithin thé set of integrated materials, provision should be
made for individualised learning activities, since gpc'nll students will be at
the same level of proficismcy, especially at the bsginning of a course. The
existence of individualised learning activities s0 means that different routes
may be ‘followed in the development of essentialyskills. Where one student
might read several chapters of a textbook, her might see and listen to a .

tape/slide sequence and then read a pregramagg rel to the textbook
chapters. In_this way individual students can use I‘t:lilll Wntqe are best
suited tO their learaing meeds. - DN S
. : . ) ‘ . ; ‘«'“'h
A science ‘teacher's goal is to produce students who are competent in a gi on
discipline. The means he uses will largely determine whether or not hes#ill
succeed. The ideal means suggested here involve an .integrated progr
materials. But at present such a programse, involving the developmetit of.
scientific, linguistic and organisational skills, is pot available to most
teachfrs in different scientific disciplines. To produce materials in many
acientific areas, the close cooperation of science and language specialists

-

o
working together in those areas is needed. Only then will the science teacher's \\\
problems with materials and students in a second-language situation begin to ‘
be solved. -




REFERENCES I R

1.

4.

5.

6.

7.

-/

Cemtre, L 1975, ' . - )
Aﬁerican Association tor the Advancement of Science, - ot * / 2
Science: A Process Approach. . ’ ’ . / - J
Burke, P J; 'Testing for Critical Thinking in Physigs’' in - L . . ,”
Amer. J Physics, 17 (1949) 527. ) e /
Gngne, R M, The Conditions of Lenrni;g, 2nd edition, Holt ' ) . ///
Rinehart & Winstob London, 1970. , . .. . . .
A
" Nicholson, J R, 'Am Exploratory Study into the Perception of . léb‘ .

10.

11.

» w* 2 .

Bloom, B S (editor), Taxonogy of Eduqationnl 0Q1¥ctiv°s (n: -
The Cpgnitive Domain, McKay,. wa York, 1956,

Benrd,ma,'opjectives in Tertiarw Science Educntion in Billing and
Furniss, Aims, Methods ard Agsessment in’ Advanced . Science Education, ’ 7
dén, London, 1973. o o

and Rp . P '‘Designing English for Science and Technology (EST) .
do

glish for Academic Study, English-Teaching Infor-ation

Spntia{ Relntioﬂlhipn in Diagrnms of Framewerk Structures by. o
Nigerian Univerphity Science Students.. and Secondary School PuBiln ,f'

(M Sc thesis iversity of East Anglia, 1974) /,»t .
Y/ S : g
Beard, R, op. dijy., 2. ° . S~ -
. > » .
F
‘Paul, I C; and furtin, D Y, 'Reacyitns of Organic Cryntnln '
with Gases'Jin Science, 187 (1§7%) 5.
‘. ,,-r" ¥ ! . .
Schantz, E J; fand others, ‘'The Strpcture of Saxitoxin' in
J. Amer. Ghem. t‘)cl‘{:, 97:5 (197§) 1238 .,
< / : . .
Ausubel, D P; Ro uinon, F G, Schol Lenrnin : *
An Introduttion to ﬁdncntion Pnychoi gY Holt h ) !
Ripehart & Winston, London, 969, p: 312. ] . . L.

~a 7



