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A

Durine the early 1300's new syllabures in Cheuistry wares intro-

s1 schools. A research propramre Wus berun to
evaluate these new syllabuses hy comparing the performance and atti-
stules of university students reared on the old and new systems.
Jifferences werr found in favour of the new syllabus students,
Initizlly, &3 a suhsidizry mart of this iwvestigation, a study
‘wés male of the syllabus areas whic: th2students revnorted to be diffi-
:cult. On egnelysis, theas» difficulties fell into tvo well defined
groups -
(a) tbpics associated with formulaes, eguations and the mole, and,

~oly is and confensation reactions.

\-

(v) orranic tovics related to hyd:
To trace the source of these problems the investigation moved

into schools at '0' orade, 'W!' orzde znd Sixth Year Studies levels.
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Tre same nroblem areas hecame avident at all of these
fzr dovn as Third Form. Almo=t a1l of the czleulations were baseld

the operation of simnle proportion, a skill whieh was taucht in

wrimery school. The difficulties with or~anic were all related to
spatial arrancenents of molecular models and their correswmondine

rerresentations ss formuls

Remedies werr souht in terms Qf sy1llabus rearranger=nis and
chanres in method and these invastizations =re continuing. A closs
exaninatica of the oroblems in the 1i~ht of the devalopmentzl work
of FPiaret has shovm that they are almost certainly linked with

sgturity harriers.

3

The oneration of simnle proporti-m introduvced at primerr school

well /



well hefore the ehil? haz regchel the necessary level of
¥ 1 I8 e

© &l notority
(zpprox. 13) mzy wzll he at tha root of the trouble with ezleulations.
ithen this wze then brousght into contact with the nultivariats thinking
involved in writinx chemical formulae, it was not surprising that

i T

" oroblems occurred.
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dhen the investization was bein~ carried oubt et 3Jixth Yea

evol the opportunity was taken to rather the views of “oth students
and teachers as to how -well the course sas fulfillin~ the objectives .
acrcund rhnich it was desigme?. The findinzs, on the whole, were very
favourable towards the syllabus.
The work embodied in this entire investization is now aciively
beint used by the Consultative Committee on the Curriculum in its

r

planning of the "second generation" of



INTRODUCTIONW

In the 1950's, consequent unon the launching of the Russian
Sputniks, a concern, bordering upon panic, was felt in the United
"States about the condition of science education in that country.

From this grew a number of prosrammes aimed at improvinz the quality
of science education and among these were two in chemistry - Chemical
Bducation Materials Study (Chem. Study) and Chemical Bond -Approach
(CBA). Syllabuses were produced with accompanying text-books,
teachers! guides, films and laboratory programmes.: The aims of these
programmes were not very clearly defined in behavioral terms, but they
did provoke, by their successes and failures, much more fundamental
thinking about school chemistry.

Both Chem. Study and Chem. Bond were desismed by teachers in
tertiary education and presented to secondary teachers. This may to
some extent explain the rapid disappearance of CBA and the later demise
of Chem. Study. It is clear that insufficient cars had been taken to
design the course with the low quality of teachers and the lack of
literacy of the students in mind.

However something of the new thinking in school chemistry was
injected into Britain at the conference on chemical education held at
Greystones in Ireland in lMarch 1960 under the auspices of 0.8.4.C.
Among the speakers ware fwo from the United States - J.A. Campbell
(Chem. Study) and L.RE. Strong.

British participants in the conference were conspicuous by their
absence since only two delegates were present - J.R.}M.ii. Brown, H.IZ.I.
of the Scottish Eduoatign Devartment and J.T. Stredder of “ellington
School, 3omerset.

Brown act2d as joint editor of the proceedings of the conference
which appeared in 1961 under the title of "¥ew Thinking in School'
Chemistry".l The conference recommendations ware clearly important,
 desirable and nossible. To rzad these recommendations is to read,
in outline, every modern chemistry syllabus which has appeared in
Britain over the past ten years.

In parallel with the "Greystones thinking® a reappraisal of
chemistry teaching in Scotland had heen taking place under the guidance

of A.J. tee. The outcome was that Greystones material and the thinking

of /



of othef secondary t2achers, including that of the author, was welded
together by liee to produce a nilot new syllabus in chenistry.

One of the Greystones recommendations rzads. "The Seminar sugrests
that 0.5.2.0. recommends to Mamber countries who operate a national
syllabus and examination, that desigmated schools be permitted to
teach other approved courses on an experimental basis and that arrange-
stments be made for the examination of such courses".2

From this was born the idea of an "Alternative Syllabus“3 which
was offered to schools in Scotland concurrently with the existing
"Traditional Syllabus™. The Alternative Syllabus incorporated the
thinking of the most prosressive secondary teachers and inspectors
and was launched with less than the wholeheartzd supvort of all the
universities. The Syllabus originatad from the schools and was not
imposed from above, Ho teachers were taken out of the teaching
situation to form a committee ohafged with producing the Syllabus
and so those who contributed to its compilation were constantly being
subjected to the humbling and realistic demands of real pupils in real
teaching and learning situations. 4

Although there was initially a strongs resaction from schools to
the introduction of the new material and its attendant new methods
and spirit, the Alternative Syllabus was adopted very rapidly by
schools (Table 1).

TABLE 1

. 0" Grade Candidates

&5}

.
[wh
y .
Ul

4.
. Total % increase of

Traditional Alternative | Presentation | presentation from
one vear to the next

1966 8444 3409 11853

1967 4328 8146 12474 5., 2%
1968 2039 11366 13405 , 7.5%
1969 690 13756 14446 7.8%
1970 200 15153 15353 6. 3%
1971 66 17105 17171 10, 6%

Tithin /



Tithin eicht years of the introduction of the Alternative
Syllabus, the examinations in the Traditional Syllebus were dis-
scontinued becauée of the lack of candidates. lleanwhile, in 1568,
an adﬂitional Syllabus was introduced for sixth formers called Sixth
Year Studies.4

Howesver, before the Traditional Syllabus disapneared it was
decided that som2 attempt should be made to compare these pupils
with those brought up on the Alternative Syllabus. The comparison
was to be mgde in a number of ways at various levels,

University first year students were to be comvarsd in their
performance and in their attitudes to their choice of chemistry as
a study. A similar investigation was to be conducted at technical
college level. Both studies were to be continued into second year
to see if any of the differences in first year persisted into second
year.

In parallel with this work, the new 3Syllabus was to be examined
" for areas of difficulty which mizht be attributed to lack of maturity

£ the students or the total unsuitability of the material and this

in turn Wouid form a basis for any future Syllabus revisions.

Similar studies were to be applied to the Sixth Year Studies
Syllabus in ohemistr&.

From these investigations have grown a numher of branches and
now five research students (M.Sc.) are engaged in widening the
research front. There their work links with the main themes of this

thesis will be indicated throughout.
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THS PEWWCALANCS ATD ATTITUDES CF "ALT IRFATIVE" STT2.MT3

AT TNTYVUTRY

In this chanter commarisons bhetween Altermstive and Traditi-snal
students *ill be made in tvo ways -
A. by analysis of their results in the written examinations szt hy

the Univarsity of Glas~ow each term,

B... by an analysis of a Juestionnaire in which information was

—

sourht about the arse of clioice for a science course and the

factors affectine that choice.

In adiition to this, & oreliminary exvlorziion of areas of
difficulty ir the students! schoollcourses was begqun.,

By the time this investigation beran, students were entering

ficate of Sixth Year 3Studies

fete

vuniVErsity with vass2s in the »ew Cert

(3.Y.8.) and s0 the compnarisons are comnrlicated. 3ince there was

no official 5ixth Year Course for Traditional stude~ts, a further

complication appears. Under the headine of "Traditional™, in all

thﬂlcomparisons, is Pathered torether students with a variety of

backgrounds. The common factor is that all of them follow:d the

Traditional syllabus until the end of fifth year at school. After

trhat the variations an;ear; for exanple -

(i) the nulk of the stulents came to university without doinm any
sixth year work

(ii) somes stayed at school for a sixth yecr and renested fifth year
work invthe hope of improvine Higher Grade passes

(iii) some snent the sixth ye:r doin~ advanced vork for the University

o a few other minor varia-

n

Bursary Ixaminations. There zre al
:tions.

Stuients /
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adents ~athered under the headins "Altarnative" are not a
homorenzous ~roun either. Their comron factor is that all of them

followed the Altermative syllabus ti1l bthe ernd of fifth year. The

majority of tham ecame straisht to university without & sixth year;

tut a few of them stayed for a sixth yezr Tor the same rrasons as
their Traditional counternaris.

Althourh 3Jixth Year Studies students are, in sone ﬁables of
results, treated senerately, the fairest comparison iz hetween those
who sat Hircher Chemistry on the Traditonal Syllabus with those who
sat it on the Altermative Jyllabus. This would involve the merging
of the results for 5.Y.9. students with those for Alternative students.
The effect would be to enhance tha differences bitween the Alternative

and Traditional students.

A. Ixanmination Results - Tmiversity of Glasgow, Chenistry
Department (Session 1359-70).

The comparisons in this section were done with 450 students
reading Chemistfy in the firast year of their Pure 3cience Tourse.
The class was divided into thirds (top, middle and bottom) because
these were the units on which ohjective test statisties weré already

vased to obtain discriminating powers..

TABLE 1.1
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Trad- Alter-
:itiavgl inotive OV, 3,1 Alt. + 3.7.5 noon
Proportion of students
in the year el 53¢’ 165 69% 6%
Wov. 1669 Top Third 137" 545" 26¢ 80¢" T4
¥iddle Third| 277 47 187 65% &t
Battom Third| 39 484 9t | 57" 455
Jan. 1970 Ton Third 1944 47 267, 737 8%
Middle Third| 17 63", 15% 78% 5¢/,
Bottom Third| 424 405" 13 53 5¢h
June 1970 Top Third 187 47 264 | 138 o
Vidale Third| 229 59% 165 75% 3%
Bottom Third| 299 59% 8% 67" 4
Ixemptions from June
1970 exam included in 9% 59¢/ 229, 81% 109
Top Third

Sirmificance - (a) Taking TRAD. v ALT. + 5.Y.S.

2
K =313 S, Significant at better than 1%
level.

(h) Taking TIAD. v ALT. w 3.Y.3.

2
- X = 41,3 o Significant at hetter than 1%

lavel.

From these results it is clear that students with an Alternative
syllabus backeround were verformive sienificantly better than their
Traditional collea~ues in the examination systemn used in the first
vear Pure Jcience Chemistry in Glasgow. The differences betreen the
two grouns persisted throurhout the first year and, to a lesser extent,

into /
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into second vear (Aopendix p. Al.4).

DISTUSSION

The differences noted could arise in a number of ways. It is

unlikely that any one of these factors is the sole causé of the

differences or that any one is onredominant.

1.

The Glasgow first year course may be desizgned in content and
approach to favour Altermative students.

The "better" schoéls may have taken un the Alternative syllabus
more quickly than the others and so the differenceé are merely
é reflection of.scﬁool quality in terms of teaching and equip-
sment.

It could be that, arising from 2, the more able children from
selective schools are showing theif prowess and distorting the
Alternative sample upvards.

The Alternative syllabus may encourage ?rinciple oriented think-
ting and may make the stulent more questioning.

The 3ixth Year Studies Course may nroduce maturer students.
(maturer in ase and in attitudss) who have learned to be

independent and adopt rood study habits.

3

he 3ixth Year 3tudies Course may anticipate thr content of the

first year university course.

This list of factors is not exhaustive, but nrobably contains

the most imvortant ones.

~

These will be examined in turn and evidence for them asszessed,.
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1. Thers wns at this time mo obvi-us att2mnt to brire the hulk of

tha Clasmow course into line with $he thinkin~ and apuroach adontel

in sechools. The princiral ain o7 the courze scem2d to he the nur-
tveylne o7 faects for loter rerur~itation in exeminations. With a

few excepntions, princinle orientedl teachinr wisz obvious hy its
absence, At school the Altermative course place? less raliance on
the memory and mo+~e on th= ability to see patterns in facts and to
reason with them, The form o” the Glas~ov course was more like the
Traditional school course than the Alternative one. Thic is re-
:flected in the analysis of a university lderree examination paper

< - ) . . . 44
(p.£1.16) and substantiated by work done in another university.

- The syllahus content of the Clasgow course, witnin a fes lectures,

left the school courses, both Alternative and Tralitional, far behind.

Y

his

=

irst factor is, therefore, not conside-ed tc be a major

contrihutor to the differences shom in Tahle 1.1.

2. The idea that the "better schools effect" was important seemad
very plausible. To check this an investigation was done which showed

that this fachor was of no importance (Appeniix p. Al.1).°

3. It vas found in investi~atine 2 that the selective achools 2id
not fimure prominently in nroducin~ the hest students. “hen a com-
tparison was m=ade of the Hircher orades obtzined hy the ilternative

o

and Traditional students no sigmificant difference was ‘ound

N

(Appendix ». A1.2). It is therefore very probzble that the differ-
iences hetween Alternative and Traditional students shown in Tahle
1.1 do not depemd upnon Aifferences in school hack~round or chemical

ahility.

4./
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be Tie baszic concept of the Alternative syllabus was to encouracse
the »punils to think about facts; to lool for commections between

them and to he critical of cater~orical statements. It has been the
subjéctiye ohservation of university teachrrs at tutorials that the
Alternative and 3ixth Year Studies students have shown these critical
and synthetic faculties more than their Traditional students have.
Despite the weirht of factual material placed unon the students, these
faculties have not bern quenched aven in second yéar providad that

the tutors have abandoned a didactic apnroach.

This treatment of factual materisl may be an important factor in
causing the differences hetween the two sroups of students. 3ince
uriversity courses, unlike the more recent school courses, have not
been based on clenrly specified objectives, it was impossible to be
It may have heen that the Alternative way of thinking was what the
university had, cowsclously or unconsciously, heen sesking in its
studentg without takine clear educational steps to achieve it.
University staff were almost unanimous in claiming that they wanted
students "to think" but when asked to show vhat positive~measures
were beine taken to fdster this desirable quality, they were hard

put to quote any.

5. The Sixth Year 3tudies course set out amon~ its aims to nrovide
situations which would encourage mature and independent thinking

4

and working. Yembers of the university staff, who have visited
schools to obhserve 5.Y.5. teachina includin~ nroject work, have been
imnressed by the quality (not sonhistication) and maturity of rork

axhihited hy the sixth ‘oraers. There sesmed to be a realisation
Y

that /



that students weee canable of quite mature thourht anl judrement
beyond the level ususlly asked of them in the normal firsti yeer
course. This issued in a yroject/discussion approach being tried
“with sixty first year students in the University of Glasrow in
Seszsion 197C-T1. Thevstaff who participated were gen=rally
pleasantly surnrised by the student performence in handliﬁ" rnaterial
well above the "learn-rerurcitate" level and by their willinsmess to

use library facilities.

These attitudes and abilities exhibited oy S.Y.3. students is

fad
T

probably a najor factor in their rood performance shown in Table 1.1,

6. The 5.7.8. course was de irned to have only a small content of
new material compared with an 'A' level course. This was to allow
time for discussion, and vnroject work. In neither size nor scope
was the course content anythin~ like the CGlasgow [lirst year course.
Some of the tovnics were common to both, at least in name, but

in treatment or depth. Fowever, some of the more difficult first
year course concepts were mef in S.Y.3. at discussion level when
students could clarify their thinkin~T by direct interaction with &
teacher. Eiammles of these were free evnercy, entrony ard simple

rystasl field theory. A full discussion of this ann2ars in

Chapters 3 an? 4.

OXCLUS3ICH
It seems very likely that tﬁe differences shoan in Tzble 1.1
can be hest exnlained in terms of the naw tyne of thinkin~ enrendered
by the Altermativa and 3.Y.3. courses rather than by any school hack-

ioround effects,

A/



A detailed study of the ~ffects of 3ixth Yezar Studies Chemistry

ne Scottish Universities 1s at present being
carried out by D.3. Foare of the Universitr of DJunise.

-

Fower of 3.7... Mircher Orailzs to npredict first vear university
: perfornance in Shenistry.

The onwnortunity was ta-en to exanine the availahle statistics
to compare the nredictive vower of Traditional and Alternative
Hirher rrades.

The grouns chosen for this exercise were -

2]

(a) the class of 1964-7 which was wholly Traditional
(b) the Traditional portion of the 1969-70 class

(¢) +the Alternative vortion of the 1969-70 class.

In each case the proportion of the Higher grades A, B and C
was of the order of 25: 40: 35, that is, rou~hly in thirds. The
relationship between A, B and T prade and the ton third, the middle
third and the bottom'third of the university classes was calculated.
The results are shovn below and the detaile? results ;ppear in

Apnendix p. Al.3.

TABL B 1.2

3.C.8. Grade , Contingency
v. class position X2 coefficient ()™
Traditional 1966-7 ) 52.8 0.39
Traditional 1969-70 84.0 : 0.47
Alternative 1969-70 . 1C7.9 G.51

=/
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3* .
This is an indication of cor~elation between th-e two factors

being comnared. The value of ¢ has a maximum at aiproximately 0.75.

Therefore, values around 0.5 irdicate quite hirh correlation.

COMCLUSION

There is a fairly ﬁood correlation between 3.C.3. grades and
university first year perférmanoe in chemistry. All the results
have Si”nificance at better than the 1¢ level.

Tha Alternative prediction is rather better than that of the
Traditional predictions. This is one more niece of evidence of

the mood "fit" of the Alternative course and the Glasgow first year

course.,

B. Attitudes of Traditional and Altermative Students.

On the first day of the Session 1949-70, all the first year
students studyine chemistry in the Universities of Glaspgow and

Strathelyde were asked to fill in a Questionnaire (Appendix p.Al.5).

=$]

Replies were received from 1045 students (80% return).
The Questionnairs had three main purvoses -

(a) to determine at what are the JStudents' inclination towerds science
occurred -

(b) to examine the factors which affected their choice of a science
career

(c) fo obtain the students' subjective épbraisal of thé school courses
they had just comnleted,
At the same time 2 similar Questiqnnaire was miven to 400 Arts

students in the University of Glascow tc see how the Alternzative syllabdbus

had /



had affected their decizion not to take un a ssientific career.

() Ace of Inclination

Question 8. - 3cience Questionmeire (p. ALl.5).
"At whet stage in your school career 4id you first detect an
inclination towards secience in general?" (Note that the question is

about inclination and not final choice.)

RESFONSE
TABLE 1.3
Yhole sample without hole samole
subject distinction
ALT. 74D, ALT. | TRaD.
Boys Girls | Boys Girls
Primary 10.455 6.9 | 9.3%  4.9% 9.8% | 8.7

Sarly 3Secondazry (11-13)54.0% 61.25 | 44.45% 68.27 [55.35" | 47.4%

14 Secondary (14-16) [29.57% 30.27 | 34.75% 24.45% |29.5% | 33.3%

Late Secondary (16+) 6.0 1.6 | 11.670 2,47 5.2 | 10.67
Mo. of 3tudents .| 616 129 259 41 745 300

A detailed table of results showing the response for pure science,

medical and engineering students appears in the Appendix ». Al.9.

DISCU3SION
In 21l cases the choices for Primary and Late Secondary were feuw.
About 4G of students had exverienced the inclination towards

science by the are of 13 with the tendency 3lichtly hicher in the

case /



case of the Alternative students. Tre cirls tended to detect the
inclination carlier than the hoys.

Eal

fa) { ~ ~c? 3 . .
By 'C' grade (a~e 16) about 907 of all students had indicates
thelr interest in science.

In the 1i~ht of this it cerns that efforts made by tertiary

centres to attract sixth Tormers into science by means of oven days,

lectures and pronaranda literature is largely a saste of time since

they are merely convertines the converted. +here ownen days and
literature could be helpful is in the area of detailed subject

choice.

Publicity it would-appear, should be aimed s4 a much lower level
in schools if it is to have -any effect uvnon the number of potential
students.

These results also point to the critical importance of the early
seco~dary school courses. ¥uch effort hes been exmended on '0O' srade
and more advenced courses while the juniors have sonmetimes been left
to the mercies of intesrrated courses taucht by non-specialists. There
is perhéps a czse here for the most skilled teachers tb turn their
attention to the juniors rather than devote the bulk of their time to
seniors.

The Arts Questionnaire (Anpendix p. Al.14) asked in Question § -

"At what stage did you o»nt out of science at school?"
RW3P0NSE

TABLE 1.4




Lltermative Traditional All Students
{Barly 3econdary (11-13) 34,2 65,75 58. 57
10 Grade (13) 19.5¢ 12. 45 14.07
1710 Grade (17+) and '
later A 46.3% 21,95 27.5

In this case there are quite distinct differences (simmificant
at the 1% lavel) hetveen Alternative and Traditional students. None
of tﬁese stuients.is nursuing the study of a science at university
for career vurvoses snd vet a cousiderable prowoction of them con-
ttirued the study of a seience un to the »ni of their school career.
This is particularlyvnotioeable in the case of Alternative students.

Th

]

Scottish Migher system allows purils to tz2ke five or six subjects
to 'M!' erade and it is interesting that so many Arts students were
prepared to pursus a science zubject as one of their 5 or 6 to an
advanced level for its own sake. This is supvported Sy the responses
in Table 1.8, p.1l.17 #hich show that the Arts students, while study-
:inﬁ’a science, had little or mo intenticn of using it eventually for

career purnoses.

(b) Factors affecting inclination

Havins established the are of inclinat‘on towards acience it vas
decided to examine the fzotors which affected the choice of science.
Students were offered a choice of five factnrs with room for aiditional

factors to ne supplied by the student. This last ontion was not taken




Sciznece Juestionnaire - Fuestion J.

-

"That de you think was the origin of this inelination?"

TA3L B 1.5
Pactor lesnonses without subject Overall responses
distinction
ALT. TAD. ALT. TRAD.
3oys Girls Boys Cirls
Books 14.8 4.8 15.1 10.0 13.0 17.8
Talevision T.7 3.4 12.2 £.0 " 6.9 10.9
Good Teacher 28.9 41.8 34.0 45.0 31.2 35.8
Farental
Cacunation 7.7 9.5 5.6 5.0 8.0 5.6
Interesting
school course 10.¢9 40.4 29.2 2.0 40,8 29.9
To. 2f students 575 146 238 50 821 338

Students were allowed to make more than one response. The
results in the Teshle are exnressed as a percentare of the total
resnonse,

A detailed Table of results showins the resuonses for nure
science, metical and enrinecering students appears in Appendix

p. A1.10.

DIBCU3ICH
There sere a numbhzr of interestins differencas zroum up in

this surveyv althourh nome of them werce hiphly si-nificzant (Jifni—

Q
™
s

vl
joN)

e

't at 2090 level). Tovever, differesces in the san irections

“ere /



ware cMowyn in a follow-un survey conducted by the author in 1970-71
) 6
end proceszed hy I.7. Taton.
The two most imnorbtant factors avz "~o0o0d teacher" and "interesti-
ting school cource™,
The Altermative boys throu~hout favour "interssting school

course™ whilae the Traditional boys tend to ont for "~ood teacher",

Girls, on the other hand, favour "~ood teacher" but the Alterna-

a

tive g#irls chose "interestines school course" a3 a close second while

tional ~irls releszte the coursze to a much lower level.

f=to

Trad

)]

Theses wesults on their own 4o not constitute evidence for the

G

suneriority of Altermative courses over Traditional ones, but, taken
.torether with the other evidernce in the Questionnaire, they are an
indication of such a trend.

The ~irls cheoice is very much as an expe;ienced teacher would °
expect. Personality rather than abstract subject matter seems to
he more important Lo then. The effects of books and television were
fairly }ow and certainly lower than some public st temerts in the
nress would sugpcest. The nffect of televisimm was most marked in
the case’of enginecering and medicel students. This is not surprisinz
~hen the composition of T.V. soience orocramnes is examined. They
tend to deal with applied science, e.~, "Tomorrow's ‘World" and
"Torizon", rather than with the pure sciences aid so would tend to
appeal to poterntial enrineering and medical studemts.

There mi~ht he a case here for sursesting that reneral interest

nure science prorrammes should be hroaicast not only for the sake of

aotential stuients, bhut also for the intellicent lazyman.

To zet the other side of the nicture the Arts Questionmsaire asked -

"ihat factors made yvou decide arainst science?! (Question 7).

J

—
—
N
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fzetor Altzrnative Traiitional A1l Stulents
Foor exam results G.0 9.8 2.0

ol2rate exam wesnlts butb
ponrer than the othar ontion 32.1 22.8

Zevulsion against material-

tistie science 7.7 8.2 8.1
Borin~ science courses 15.4 23.3% 21.4
Foor teaching 1.5 ©11.0 11.2
Lzck of exvperimentsl skill 3.8 5.5 5.9
rzrental persuasion 1.3 1.2 1.2
Teacher mersuasion 1.3 : 1.2 1.2
Difficulty with wmaths 17.5 15.9 15.4

Students weve allowed to make more than one resnonse and the

frequencies above are exypressed as percentares of the total resnonse.
DIS US3I0W

Thé Alternative and Traditibnal columns are rémarkably similar.
The main differences dccur in two places -
(i) examination results, and
(ii) boring science courses.

These differences are si-mificant,
(1) Thé first is a2 reflection of someth'ne ghich a3 been susrected
“ar some time. her the new syllabus was launched emphasie was
removed Trom rote learnin~ an” transferred to understandins. Teachers

reczll. /

~their enthusiasm tended to set exanination pav~rg with little or no




recall,  This in itself was not necessarily bad, ubt pu-ils found
that the sciences were very Aiffera-t from their other subiects which
still operated larpely at recall level. Girls reacted particularly
to this and, for a while, third year cheistry classes in schools
contained few ~irls. Cradually the chemistry exans settled down to
a compromise situation, numbers of boys and ~irls entering third year
increase? and the ratio of hoys to girls scttled at aboutAB s 1.

.

he sciences have increased steadily (Table 1.7) ovor the years

=3

- .

at a greater rate than comrarable srts subjects. This might indicate
that the increare is not merely a reflection of increased school

population, but of a recovery of the sciences. (A similsr pattern

appears in the Introduction, Table 1.)

TABLE 1.7

PREIZNTATICY AT 'O QRADE.7

Subject 1965 1970 % Increase
Chemistry . 11,406 15,350 34.6
Physics 12,444 15,811 27.1
Trench L17,231 21,481 24.7

In both Chemistry and FThysics ahout two-thirds of the pupils
rroceaded %o sit Hicher.
In fFrench just over half of the 'C!' rrade candidates proceeded

to Hirher,

(11) /
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(ii) Tha epmnlaint ahout "horins scievce courses'™ was covsider:hly
less For Altermstive Stude-ts than for Traditional J-udents. This

nrovides one ove niece of evidence in favour of the Alternative

courses.

One othesr niece of evidnnce‘was sou~ht to ~ive some indication
of how manv Arts students mi~ht have bean swayed into science. The
question was rut in reverse to make it less blunt.

Arts Questionnaire, Question 8.

"In your case, was the chnice between science and arts (a) a

very difficult one to make (h) a fairly difficult one to make (c)

an easy one to make?"

Difficulty Alternative Traditional All Students
Very difficult 8. 5% 6.0% 6.655
Fairly difficult 15.%% 12.0% 12.8%
Jasy 76. 3% 82.0% 80.6"

There was noth’n~ simificant in the differen‘é between the two

rroups.

®

-4 . . .
Only about 20 of +those doing Arts mi~ht have gone into the

"ne

seiences, i.e. those who found %he choice "very difficult” or "fairly

Aifficult",

SUKIARY /
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SMTIARY

ALTERMATIVE TRAIITIONAL

University esults Mavoursable Unfavourable
Azge of Inclination to

Science Alternative earlier than Traditional
Pactors affecting Ineclination| Cood course then Good teacher then

cood teacher rood course

Arts students - age of opting

out of science Late secondary Early secorndary
Arts reaction to science

course Alternative less bhoriny than Traditionall

30 OLYSICN

The chanre to Alternative courses has altered both the perform-
tance and attitudes of the students in the ri~ht direction. This
can be seen as vhase one of a senries of changes in this direction
rather than as a once for all remedy. As can be seen from the
remainder of this thesis, the work has a lonc way to fo before the
course is suitable for achieving the objectives set for it. In
fact, some of the objectives may have to bhe rethou~ht in the light

of the studies on maturity and difficulty levels.

S2ARTE FTOR OARGAS OF DIWPICULTY

In the v»revious section it was noted that the trend besun by
the introduction of the Alternative gyllabus was in the risht direction.

Cowever, /




- 1.16 -

However, exrecience of teachine the'syilahus let no one in any doubt
that all was not well with the syllabus. Thiz was also shown un vhen
the national exaﬁinations wera scrutinised from the seiter's and
exaniner's noint of vie‘:-’.5 There vere distinct areas in the syllabhus
which were not beins accented by the punils. The reasons for this
could be many; poor methods of teachins, topics in excess of the
maturity levels of pupils, "clever™ examninations, poorer quality of
candidates correspondins vith increased numbers éitting exaninations
and so on.

The opnortunity was taken when the survey (Aprendix p.Al.7) was
being done to include a section on 4difficult areas to 'get the pupils!
view of the situation.

The responses were taken from Alternative students in the first
year of the Universities of Glassow and 3trathclyde. This was done
twice, in sessions 1969-70 and 1970-71.° The nrocessing of the results
of the latter was dorne by I.7I. Paton while he was working under the

-
direotiqn of the author apd they appear in his B.Sc. Thesis rnport.o

A 1list of school chemistry topics was orovided and the students
were asked to nlace each tonic into one of four categsories each of
vhich was defined  (Appendix ». Al.7).

The results are shown in the crashs below.

Graph 1.1 -~ shows the topiecs "difficult to crasp" -
University of Olasgow. (1969-70).

Graph 1.2 (overlay) shows the same topics - University of

Strathelyde. (1359-70).
Graph 1.3 (ovorlay) - shows the same tonics - a comnosite of
GClas~ow and Stratvclyde (1370-71).
6
Craph 1.3 - 1is based on Paton's work.
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The very close coincidence oFf these rravhs indicated that thz
subiective assessment of these topics by the students was mone the
less simificant, Clear neaks appeared &t the same voints on e=ach
srazh showivg that these tonics were particularly troublescze. The

code letters correspond »ith the Juestionnaire and are based upon

H - QCalculations arisi»s from equations

J - pH and volumetric worl including molarities
- JIon-glectron equations

N, - Alcohols, Acids and Dsters

0 srade N, - Tats, Soaps and Detergents

treatnent
N4 - = Proteins
P3 - Avoradro's Number and the Mole
g - Heats of Reaction, Hess's Law and Bond Znergies
a . 0
Q, = Redox Reactions and E values
Rz - mguilibrium
Sl - Aromatic (Bcnzene) Chenistry
T rade 32 ~ Amines
treatment

S - Jarbonyl Tompounds (Aldebydes and Ketones)

5 . . 8
These nrohlem arsas fall into two main groups -

(i) Those related to equations and the mole and having some arith-
tmetical content - HB’ J2, M, PB’ Ql’ QZ’ R?.

:densation and hydrolysis.
It is interestinge Lo ~ote that substarntially the same difficulties

e /



enerre from & theovatical Piaret treatment of the '0' level Muffield
~,
Schene,

inder the author's dir:ction links wJere soucht betreen these

tonies by means of Punch-card ontical coincidence (I.7. Paton).

The principlg wzs that every stulent was ~iven a nunher, Bezch
tonic was ~iven a punch card and a hole was nunched, at the aporo-
:priate nosition,-for each student who found difficulty with the
toniec. ’

Cards wsre then superimposeﬂ in nairs on & 1it stage and the
number of coincident holes was counted. The nercentase coincidence
was then obtainable hased on the card with the fewer holes.

It was now nossible to determine if the students having diffi-

tculty vith towic P, were the same as those havine difficulty with

3
M, - (Aopendix ». Al.11).
A detailed analysis is shown in the Appendix n. A1.12.
A few of the results are quoted helow as samvles.
TABLE 1,10
Topics " 9 Goincidence
‘Glascow Stratheclyde
* 7 4
H3 + J2 54 68
H, + P 62 60
3753 - 7
J2 + P3 71 76
S, + 33 81 66
t 2 0
P3 + 31 44 3
K+ Q4 20 ‘ 30




A3 expected, there was a hi~h coincidevnce batreen J, + P5 hoth

heine hased on the mole, S, + 3, were both orwranic. tonics end

Hovever, there was low coincifdence bhebt een K and b

o

Yy caus2 any

Aificulties with zulvohur chenmistiry (treated larmely descriwtivaly)
and halo~en chemiztry (treated 25 a fanily) would not be the same,

P3 and Rl were nobt well related and this was mot surprisin~ for
the corncepts in P5 (the mole) were not the same as those in R

(factors affecting

Ix}

ate and catalysis).

a3 7 nossible to look for a series o
It was now - ble to look f

N

clear relationships
to 1ink tomather the chain of thousht common to the arcas of d4iffi-

sculty  (Table 1.11).

TABLE 1.11

Basic Tovpic Good coincidence

i, M

Lo
,-2 3 P 2

P ‘ none
3

A clear chain of develowment was nov evident.
H? (formulae and equations) rave little trouble to the stulents,
but, the momant they applied arithmetic to them, trouhble bzran., This

\ vn N . -0
was seen in Volumet~ins work ant the liole, Teats of Zeaction and 3

values, 111 of these requirel sore arithnetical menisulation even
a3 simmle as adfdition an? subtraction. From evideaze hased on




i
o]
N
N

1

ination nexrformance, bthe aritimetical oneration causin~ most
troubla was simole mronortiosn. Sven in firzt vear univarsity,
students in the laboratory hadl trouble in decidiv~ "vhay should ro
on the fto» line",

Ferhaps this ar=a of difficulty roes further bad{ into the
Frimary school whe: e si nie nropo;tion may b2 intvoduced at too
early a stare bhefore the pupiltls maturity is ~reat emnnush to cope
aith it. fnsecurity arising here could wersist.for a longz time.

With the less arle oupils the trouble with arithmetic was even
more acute. This is also seen in Chanter 2, ».6, where a normal
igs bein~ corgidered, and also in a paper by Howe
and Johnstone.
The other difficult area - the orranic - can he related similarly

(Table 1.12).

TABLXN 1,12

Basic Topic Good coincidence Fair coincidence
Nl Ng, N3, N4 31, 32, 83
N2 N3’ N4, Sl, 32, 35
N3 N4, Sl, SQ, S3
N# Sl’ 52. 83
Sl 32, S3
82 33 ’

A1l the orranic tonies were clearly rolated, but th2 common thread
wag more difficult to ses. The reazon may not have heen an

intellactual /




intellantnal one at 2ll.

In the ¢aeutio"n r2 students were offer2d a "mever studied"
column a2zainst each tovpic. The topics which wers nost freque~tly
reported as "mever studied!" were D 4 (proteins) and )1, 82 and S3
(the Wircher ormanic tonics).  The students who had never studied
these tonics were not bhe.same as those who revorted these topics
to be difficult. Thers is, however, a clue hefe;

The or~anic tonics appear at the ond of the 10! rrade printed
syllabus and again at the end of the "'7' grade syllabus. Althourh
the 3yllabuses are not intended to be a teeching order, they are
usually treated as such. As teachin~ time zrows short before the

p
national examinations the orcanic part of the work is skimped or

omitted, Yiore evidence for this appears in Chapter 2, p.2.56.
The time factor is probably not the only one and it i3 proposed

during session 1972-3% to investisate other nossibilities in depth.

(3ee the sugrestions in Chapter 5, n. 5.10.)

PARALLEL 370DV GF '0' CRADE PUFILS IW ONC COURSIS

Under the author's direction a studyv is beings conducted in all
o ..

the Scottish Tech nicpl Dolleg=s by T.I. Forrison. He is investipating

the effect of the Alternative course u»on student performance and
attitudes in the further education centres.

3ome of his work is incornorated in an article in "iducation in
- " 8 . s a4
Shemistry His findin~s recardirc areas of dif fvcultv coincide
exactly with those mentioned in this chapter.

In both of these surveys the studemts have been those who have
suceessfully comnleted the '0' crade or 'I' rrade cources, but the

Alternative /
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Alternative syllabus is uszd for a much wider spectrum of punils,

some of whom nay never attemnt a national examination with any hope

of passin~, The reactions of »punils across the entire snectrum of

-a2bility are set out in Chanter 2
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A statistical commarison was made betwzen the schools of orvigin

of students in session 19%6-7 and 1359-70. The former ~roun con-

O]

ct

ieted almost entirely of Traditional 3tudents and the latter con-

ainad approximately 75% of Alternative 3tudents.

The 1965-T7 results were taken as a standard by which to identify

the "better schools" ard with this was compared the list of schools

~ivine the Aliernative Stude~tz in 1959-7C.

(

2)

The analysis wes carri

An alnhabetical list o

ed out =8

~

T schools

follows.

was macde in each case and the

number of students provided by each school was recorded. A oroduct

morent correlation (x) was

value

found between thess two lists ~iving a

r = C.6. This indicated that the same schools were providing

the students in both samples in ahout the same proportion.

This is a not unexnectad phenomenon in the Glasgzow area. The

University has traditionally drawn mowe than 90% of its studerts from

11

the West of Secotland,

(b) In both saumples, the students were divided into ton third, middle

third and bottom third on the hasis of their first yeer examirations.

The schools in the ton third of each

contribution of students.

thirds.

This was

The product moment correlations

Topn third 1566-7 v.
Widdle third " v.

Bottom third v,

This /

iddle

samnle were comnared for their

reneated for each of the other

hetwueen the thirds is shown below,

Top thivd 1989-T0C r = 0.25
" " r = 0.12
't " z = 0,00

Rotbom
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& moor relationshin hetr-ren the sehools nrovidine

¢

‘the hesv stuldents in the early znd late samnles. one

U

contributed reavily to the ton third in 19¢45-7, contributed no students
‘2t 211 {0 the ton third in 1269-70 and others which ~ave students to
the hottom thivd only in 1355-7 ficured vrominently in the top third
in 1949-T70. In general the "amed" selsctive schools did vorae in

17969-7C than in 1946-7 ord their nlaces were taken hy newer comprahen-

:sive schools.,

e’fect" was clearly not the factor ceausing

the differences in Table 1.1.
The calculations of r for this exmeriment were done by HNiss XK.
Urquhart.

CCUPARISCN OF HIGHIR CRADIS TOR TRADITICUAL AWM ALT SRWATIVL S0UDLNTS
' 1969-70

TABLE Al.l

3.7.8, Grade Traditional Alternative 3.7.3. Alt., and 5.Y.5.
A 2145 20¢% 23 21¢
B 4% 455 50¢" 465"

27"

335,

The “ifferences are statistically not simificant.

The fifference in quality of hicher pass betveen Traditional

Alternative Stucents can-ot account for the

PRINICTIVE /

differences

in Table

and

1.1.



PRONISTIVE PC -1 QT 3.3.%. SUTT57RY 0ADHE3,
1666-7 - A1l raditiorzl TJandidates.
TARL:S  Al.2

Place in university Te e e 3.0 3. : 3.0.75.
class over the sescion 'A' Grade '3 Crade 151 Grade

. ot 4 -4
Ton third 48" (Co) | 4t (357) | 127 (137)
- . ., vl ] ]
¥iddle third 227" (30¢%) 4657 (407) 32 (35¢7)

Bottom third 9" (10°7) 347 (25¢)

AlYl over proportion
in class

267" 33,

419

7

Mote - The fir~ures in brackets are the percentars distributions

of each grade over each third, e.s. an 'A' in I.4.C.

rave a 60¢ chance of the candidate being in the top

third of the University class.

o

19569-70 - Traditional Zandidates.

TASLT Al.3

Place in university ERSSPRON 3.0.7. J.0.5.
class over the sessinn Y41 Orade 'Rt Orade '3 Grade

Top third

467 (315)

% (717)

*"iddle third 16¢° (28°°) 507 (40:7) 327" (337)
Bottom third 77 (119) 36 (297) 577" (607)
411 ovar nronortisn ,

in class g 44" 3455

)
i

1969-70 /
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1267°=70 - Alternative Ta”fidates.

TARLE  Al.4
rlace in univ rsity St 3.0.7. .07,
class over the =ession 'AY Grzde 'R Grade 't Crate
Too third 457 (767) | 43t (357) | 12t (13)
iidfle third 127 (227) | 55 (487) | 347 (407)
3nttom third o7 (27) 337 (17°") 657 (477
All over pnrovnortion
in ¢lass 21% 45% 33%

PORFORVIANGCS OF TRADITICIAL AND ALT RWATIVZE STUDSHTS T 5350600 Y 5AR -

jession 1969-70.

TABLE Al.5

Traditional Alternative
Too third 595 ns
Middle third 697" 314
Bottom third ’ 647" 36
All over oronortion B ,
in class C 648 : 36

Wote - Averare scores over the session were used to determine

the thirds.

In the tovn third the Alternative “tudents are rath-r b:tter
reoressnted than their ov-rall oroportion in the elass would indicate.
. o . ~ . ’
The simificance of the Aifferences are much noarer (ahont 20¢

level) than thot for first year scoves (better than the 17 level).
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we would value wvour. co-nneration in ‘%is niece 0o°

answerinT the gquestionnaire indenendently an seriouslf. T“o main
objects o7 the exercise are az follows:-

1.

N
.

r3s which influence a2 vouns nerson at school

To trace the facto
e at university.

to read scienc
To deternine at what a~e thesze factors core into nlay.

To obtain a critical survey of the material tau~>t in school
chenistry courses (un to ' (or 'A') rrades) with a views to

the imorovemsrnt o” the courses.

Siv»ece your name is not asked for, you can feel free to ansver
the gquestions franlly. '

In most questions, ansver should be made by tickine the
annrozriete box or boxos.

Hale[:::] Feméle [:::]

“here did you receive your secondary education?

Jcotland

snaland and Wales

Ireland

Overseas

.

Jhat is your university entrance qualification?

(a) 3cottish Certificate of lducation.

(v) G.c.m.

(c) CthersS teveesssscscesevscesosssssssessssesss

(nleass svecify)

Your school chemistry course was: (Insert ~rade of nass in
this box.)

(a) 3Scottish Traditional

(b) Scottish Alternative

(¢) @.0.7. Traditional

o,

. ~ [ . . T ‘, x
(d) 7.0.°. TMew 3yllabus (ineludine Juffiel )

(£) ANY 056 taveiuirerornesnarteneacnsananns

(vlcase snrcify)
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flave vou otntained the “ertificate of S
Sheaistry? (Jeotsish studts only),

(a) Yes (insert ~rade of na 5 in bhox)

(v) wo

You are intendin~ to read chemistry this

(a) An Honours decrze in Chenistry
(b) tedicine, Dentistry or Vet. 3ecience

(¢) 4 subsidiary to a science depree in
subject

(a) I3npineering

year for:-

anot:er

At school wvou nrohshlv had to make a cholece hetween chemistry
end another subject. At that juncture, vhzt nade yvou choose

chemistry?

() A positive likine for chemistry
(b) The lesser of evils

(c) Career prosvects of chenistry
(d) Career necessities

(e) Parental pressurce

(f) Teacher pressure

(o) Cood exam results

(Tick more than ome box, if required)

At vhat staze in your school career 4id you first detect an
(Note that the
question is about nclination and not firal choice as in

inclination towvards science in gencral?

(a) Primary
(p) #sarly Secondsry (11-13)
(e) Mid-Secondary (14-16)

(31) TLate Secondary (16+)




(e) A ~ood science teacher

- aAl.7

a2t do you think was the ori~in o this inclination?

.

(a) 3cience hooks and ma~azines

(d) Parental occunation

(e) 4n interesting school covrse

(f) Other causes - (nlease specify)

L I A I O I I I I I I R I I R N I B B Y )

There is a list of school chemistry tonics ~iven bhelow based
on the Scottish Altermative Syllabus. Arainst each tovic

tick the apnsropriate box.

Definitions - 'Basy to Orasp' - means that the ideas were

rrasned first time or with
little effort.

'Difficult to Crasp' - means that you mastered
the townic only after con-
isiderable effort.

'Never Grasped' | - means that you 3till are
hazy about the tonic and
would need to be taught it
arain.

tNever 3Jtudied! - means that this topic was
not covered in your course.

List of Townics in School Chemistry

Diffi- Never
Basy |scult Hever!| Studied

Electrovalent and Covalent Bonding

Formulae snd Zquations

Calculations arising from
aquations

Activity Series

Jorrosion and sxtraction of liekals
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Difri-
rcult

Hever

[S

[§%]

T

2 ©
e

Acids, Bases, Veutralisation and
salt Formation

nH and Volumetric YWork including
Tolarities (or Wormalities)

Conductivity of Solutions Jurins
Neutralisation

Sulphur Chemistey

Hydrocarbnms, Homologous Series and
Isomerism

Ammonie, Mitric Acid and Pertilizerf

Ion-electron Equations
Carbohydrates

Alco*ols, Acids and Hsters

Fats, Soaps and Detergents

UL

Proteins
Plastics and Polymerisation

Hueclear Chemistry, Radiochemistry
and alf-life

Mass spectrometry
Avoradro's Number and the Mole

Heats of Rezction, “ess's Law and
Bond i#nersies

. (o)
Redox Rezctions and T Values

Periodic Properties of the
Blements

Halogens
Tactors Affectinz~ the Rate of a
Reaction - Activation .meray,

Catalysis

Jquilibrium

W

Aromatic (Benvene) Chemistry
Anmines

mv1l Sompounds (Aldehydes

and Yetones
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TARLS _A1.6

53 0F TOLITATICY IV PAVCTIR OF S3I Vidh
‘ sarly 1iiad Late Total
! Primary Secordary Secordary Secondary ¥o.
(11-13) (14-15) (15+) Studants
B G 3 G B G R G 3 G
Glasrow Pure
JSeience
Alt. 9.5 3.8 |57.6 47.3%3| 29.2 27.0 3.5 1.9 {137 52
Trad. 9.4 4.5 139.6 68.2] 37.8 22.8] 13.2 4.5 53 22
Strathelyde
Fure Science
Alt. 10.3 - 49.3 66,71 34.9 33.3 5.6 - 126 31
Trad. ' 10.9 - 35.4 - 38.2 - 14.5 - 55 -
Glascow
Bncineers
Alt. 10,9 - 54.4 - 30.4 - 4.3 - 92 -
Trad. 2.5 - 47.6 - 35.7 - 7.1 - 42 -
Strathelyde
inrineers
Alt. 12.9 - 59.6 - 22,7 - 4.9 - 163 -
Trad. 7.5 = 50.0 - 31.3 - - 11.3 - 80 -~
Claspow l'edics
gre.
Alt. 7.1 1%.0 [45.9 52.2|33.7 32.5]|13.3 2.2 a8 46
Trad. 0.4 5.3 |48.% €8.4 | 31.0 26,3 10.4 - 29 19
“fithout Univer-
i5itv _or subject
distinction
Alt. 0.4 6.9 |54.0 51.2 |29.5 30.2| 5.0 1.6 [516 129
Trad. 9.3 4.9 |44.4 68.2 | 34.7 24.4111.% 2.4 259 41
3 and G. Vixed
Al%, 9.8 55.3 29.6 5.2 ' 745
Trad, 3.7 4T7.6 33.% 1G.6 200
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APRLCTTNG TICLIVATICT TO /A

7

Tele- . Food Parents! Interestd4 Totals Total
Books vision | Teacher Cceupa-{ ine schoolof re- of
ttion conrse suonsed  Studentd
B .G R G 3 C B ¢ 3 a R G B G
Glas~ow Pure Science
Alt. 15.6 4.5] 3.7 3.0178.8 41.8] 2.5 106.4149.4 40.3 50 57 {137 52
Trad. 22.8 7.1)12.1 7.1]28.8 3%.%3| 6,1 10.730.3 35.7| 6& 28| 53 22
Strathelvde Pure Sceience
Alt. 16.3 2.7( 7.0 2.7135.5 43.3| 7.0 S5.4144.9 45.9 143 37126 31
Trad. 11.8 - 8.8 - |42.6 - - 36.3 - 68 - 58 -
lasecow meineers
Alt. 20.0 - 12,3 -~ {20G.0 - 7.6 - |3%36.1 - 65 - 92 -
Trad. 24.4 - 113.3 - ]33.3 - 6.7 - |22.2 - 45 - 42 -
Strathelyde snrincars
Alt. 12.9 - 9.8 - 30.7 - [11.7 - 135.0 - 63 - N63 -
Trad. 21.2 - 115.0 - |33.7 - 3.7 - P52 - 380 - 8C -
Glagsrow Vediecs, ete.
Alt. 11.5 T7.1] 5.8 4.8130.8 40.5 1.5 11.9 |40.4 35.7 04 47| 98 46
Trad. 13.8 13.6410.3 = 27.6 54.5 2G5 - 27.6 31.8 |29 22| %20 19
fithout University or Suhiect Distinction
Alt. 14.8 4.8] 7.7 3.4128.9 41.8 | 7.7 7.5 0.9 4G.4 75 146
Trad. 19.1 1C.0[12.2 4.0 |34.0 46.C } 5.6 5.0 [29.2 3%4.0C P88 50
B and G llixed
Alt. 13%.0 6.9 31.2 8.0 40.8 821
Trad. 17.8 10.9 35.8 5.6 29.9 338
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TARLE A1.8

DOTPARI G OF DOTI5S5 BY J0ITSIDNAT I PAIRS

In this Tehle, coincidence is exnressed a3 a nercentagm
nunber of holes in the card carrvine the fewer holes.

Tonies Flascow Strathelvide Tovnies Flasmrow Strathels
T € T {
JB + J2 64 £8 LE + Q4 47
H3 + FB 62 50 I1 + 8, 43
Hy + Ql 69 57 31 + S? 79
i 5 2 5
s + %2 63 5 Sy + S3 T4
J, + P3 _ 71 70 52 + 33 81
, W, o+ N )
J2 + Ql 69 73 Mo+ J2 60
T i)
J2 + Q2 56 71 jl + "y 6%
D 4 g R
Py * Q, 62 55 Ny 4 N 45
H3 + ﬁl 61 34 N? + HB 69
H3 + R, 55 55 N: + N4 55
I, + & 65 80 N5 + N4 55
I, + R, 75 83 N+ 3y 55
7 A I 3 4
Py o+ Ry 44 30 N+ 3, 48
W o+ R 53 57 o+ 3y 40
G, + Rl 63 34 IT:) + 51 50
TT:’ + H5 85 62 *JQ + ,52 5/)
H2 + K, 50 54 N2 + 33 )
~ ) ~ 7~
Q5 + 44 5% 71 JB + 5 64
K +‘Ml G4 70 N5 + 5, 52
K Q 0 N, +
r.:'l + Q,4 30 53 1\T/,+ + 3 65
K, + X 33 42 Tyt 5, 55
1, + Ml 46 bl ’\f4 + 5'3 %

O




COVRARISCH CF TCPICS RY COINTIDIND 3 I THRIES

" Topics ¢ Coincidence Topics ¢ Soincidence
+ N, 4 Ty 56 Mg+ 5+ 3 38
+ N3 + N4 42 N3 + S? + S3 39

5t N5 + N4 45 H4 + 31 + 32 40
+ Ny 43 Ny + 5+ 35 37
+ Q3 + Q4 13 N4 + 35+ 53 38
+ 11 + J2 36 H3 + J2 + P3 42
+ 32 + 33 59 HB + J2 + QZ . 38
+ 31 + 32 42 H3 + 52 + Rl 42
+ Sl + 33 23 ' H3 + P5 + 31 | 19
+ 3, + 33 33 Hy + P5 + 37
+ 3, + S, 46 H, + B+ Y 24
+ S1 + 33 4% J2 + P3 + Q2 42
+ 32 + 55 45 J2 + P3 + {l 27
+ Sl + SQ 41 I-’3 + Q2 + Rl 20
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TTIVLRSITY - ANTS  QUESYIONNFAT RE

We are tryin~ to trace the factors which make cchool ounils
decide for or a~ainst the study of the sciences at university 1ev¢1.
‘e should, therefore, be ~rateful to have the views of those who have
chosen not to pursue the sciences further, This is a serious survey
the result of which may have considerable repercussions throurhout
education.

Please.underline the aporopriate response(s).

1. Your school backrround is (a) 3cottish (b) Sn<lish or .Jelsh

(c) Iriszh (d) Juropean (excludins U.XK.) (e) Overseas.

2.  Your entrance qualification is (z2) 5.0.7. (b) €¢.C.3. (c¢) Others.
3. ‘Mich of the sciences, if any, did you do at schnol? (a) General

Science (b) Chemistry (c) Physics (d) Biolo~y.

4. = If you 4id any science at school, was it (a) Traditiomal Scottish

(b) Alternative 3cottish {c) Traiitional #.C.2. (d4) Fuffisld ¢.3.3.
5. At\what stage 4id you opt out of sciencé at school? (a) Barly

secondary (11-13) (b) lid-secondary (14-16) (c) Late secondary

(16+). "

6. What subject(s) did you choose instead of science?

I T SN
7. #hat made you decide arainst science? (a) Poor school exam narks

(v) ¥oderate exam marké but poorer than those iﬁ the other ontion

(c) A revulsion against the materialistic aspects of science

(d) Boring course (e) Poor teachin~ (f) Your laek of exnerimental

szill (c) Parental nersuasion (H) Teacher persuasion (i) Any other

cause(s) - Dlease SD2CLTY teuiiesrinieirenioniininstaaneaeanaaaans
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In your case, was the chnice betwzen scievnce and =ris
. b

Adifficult one to make? (b) A fairly difficult one to make?

(¢) A very easy one to maks?

Thank you for taking part in this survey.
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A TATURITY SUTDY G THIRD AND POURTY G ERS

Durine~ tha author's teaching 2xuverience (siﬁce 1955) various
topics in chemistry have nroved fto be dificult to teach and nre-
tsumably difficult to learn. A careful consideraition of these torics
vas made during the writing of the Chenistry Takgs Shape 12 geries in
conjunction with T.I. Morrison, but any treatment which was given to
these topics had to be subjective and intuitive. . It was decided to
seek evidence for these topic dif "iculties and possible remedies. This
research was done in parallel with that reported in Chapter 1 and so
some of the findings of Chapter 1 which would have been useful in
this invastigation were not incorporated in the first run of the
experiment. ’

The experiment is now being rer@atgd and branches from it are

being researched under the author's direction by T.V. Howe and I.N.

Juncan.

THEORY

from observation, the main areas of difficulty lay in the third
form part of the syllabus while the hirhly towical and socially
oriented mat@rial lay in the fourth form. It was argued that if the
third ard fourth form parts of the syllabus were interchanged, the
overall difficulty of the course mipht decrease because nunils would

meet the wore difficult topics at a more mature level and be shle to

cooe vith them better.
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(i) Ten schools involvine more than 10C0 third form onunils were

invited /



invited o particinate in the sexnerinent.

(ii) Twe third form in each sch ol was divided into matched sections
based unon 5reviﬂus chemistry (or seience) parformance.

(i11)Both sections, called '3' and 'I' resnectivaly, set off alons a
comnon niece of work before dividin} an” talking sevnarate routes
(Table 2.1). Th2 'I' groun followed the orfer in which the
syllabus was written with the 4ifficult material conin~ first,
while the 'C' oroup followed a revised ordér in which the fourth
year work was done in third year and vice versa.

(iv) Comparisons between the tvo rrouns were made in thres ways.

(a) Ten common tests (Aprendix n. A2.1-41) were applied to both
croups at the apuropriate points in their course; the first
two tests were applied early in both courses when both were
following a comnon piece of work. Thege first tests were
desismed to enable comparison. to be made between the sections
to check how well balanced they were.

(b) Pupils were asked at the end of the course to arrange each
course topic subjectively under the three headinecs - "dasy
to grésp”, "Hfficult to ~rasp" and "Wever prasned’.

(¢) The 3.7.3. '0' rrade bands for the groups were obtained.
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'0' osrale exam 1971

+ subizctive assessment of topies
Y23ults :

Only Ffour of the oririnal set of cchools comnleted the 2xreriment
znd s0 the results are baze? on the vork of 311 nu-wils instesd of the
exnected 10CG, (The whole exseriment i3 bheinos reneated with =z furbher
ten schools over session 1970-72.)



AT ST ~ N
(a) ZCLRARISON Y 73973

The ten tests end their markine briefs arve in the Aprendix to
Chapter 2, Allef the tests were objectively markable and were
scored by the schools out of a possible scors of 20 marks.

A 3Summary of the test results is shovn in Table 2.3. The scores
obtained in tests taken durinc fourth form are underlined. A full

set of scores, school hy school, apnear in Apoendix ». 42.42.
b} . 9 i p.k 3

TA3LE 2.2

Test Number , 'TI' Croup mean YS! Group mean

1 I+

(@]

9.8 9.7
2 I+cC 9.3 : 9.5
6

11.0 12.

W \N
—

C 10,

@
1
(@]
(@3]

N
[
O
o
lo
[

4 C 12,0 2.5
5 I 11.1 ‘ 1.5
5 ¢ 13.8 12.2
6 I ' 10.7 | 11.1
é c 12, 11.1
Averare 11.1 10.7

2ISCUS3I0H
Taken s2hool by school the sectisns were only moderately wall

matehed, but taken all together, asz in Table 2.2, the matchins vas

quite /



quite oood.

The only clear »nattern vhich emerred from the overzll results was
that the scores in tests done in fourth form tended to be baiter thar
those done in third form. Tovever, the ov-rall differences were
statiztically insimificant.

The '"' eroup made a reasonable job of the orranic material in
third year and their attitudes to it showed interesting differences
from those of the 'I' egroun (Craphs 1, 2 and 3, p; A2.43-45).

Similarly the '7' sroup made as cond a showing as the 'S' sroup
on the non-orgranic topics so that meetinz these tonics a ysar later
had mada 1little diffrrence to the 'C' croup's test nerformances.

The vork in Chanter 1 showed that the areas of diffiéulty had
their oririn further back than tﬁe roint at which the 'C!' and 'I!
croups diverced, that is, in the com=mon sround of formuiae, equations,
the mole and calculationzs arising from these. It would have heen
necessary to investirate the ares which both groﬁﬁs had done in common
for tests 1 'I' and 'S' and 2 'I' and 'C',

This commnon cround is now being researched by T.V. Howe and I.I.

9

Duncan and sone of the results have been published.

(b) CCIPARIZ0YW BY 3TTBJIIINIVS TOPIC A333S3H NT 3Y PUPILS

The same nunils at the end of their 'G' grade course were invited
to fill in a Quzstionnaire (Appendix p.A2.46) in «hich they were asked
to ratz their schonl tonics under the headings -

(1) "<asy to Crasnd, (ii) "Difficult to fJrasp®, (iii) "Never really
Crazmed". These termns were dafined for the nupils. The rezults are
set out in Oravhs 1, 2 and 3 vith '3' and 'I' rroud reactions nlotted

senarately (Appendix De A2.43—45).

It /
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It should be noted that the tonic letters a-l numbers for this
survey were gimilar to but not the same as those zmnloyed for the
university surveys in Chanter 1.

(1) "Basy_to Zrasn” (Craph 1).

There is remarkable coincidence batween the tvo cranhs considering
that they are based purely on subjective assesaments of course topics.

Yy )

The only arca where the 'GC' scraph is consistently on the easy side 1

6]

for the orgamic tonics. lsewhere the fluctuations are random.
Althourh the '7' proup, studying the organic nart of the course a year
bafore the 'I' group, did not do any bebter in the tests, they formed
a better impression of the orranie work then the 'I' zroup. The 'If
group would be rushed to complete the orranic wvork whefeas_the G
egroup would take the work in & more leisurely fashion. A similar
effect mirht have been cexpected in the areas in which the 'C' esroup

wers under pre~sure in fourth form, but none vas evident.

(ii) "Difficult to Crasp” (éranh 2),

In this graph there is also ~ood coincidence, with maxima at:-

H2 - The difference between covalent and ionic honding

H ~ TUsing an ion detector to measure conductivity of soclutions
and urdzrotaniine the results

hot - JIritine cherical equations

5
H7 - DJalculations from equetions
I3 - Jlectron transfer in oxidation-reduction (redox) reactions
J1 - Acidic and basic oxides
J5 - Methods of preparin~ soluble salts
J4 - Pwecipitatibn reactiom for prenaring insoluble salts



J, - Salculations to find the mclarity of & solution
Kl - JTon-electron half-equations
N1 -~ Hydrolysis of carhohydrates

N - Formation of esters

o2
N3 - Conversion of fats to soaps
01' - ©Jondensation polymers

.

This set of results related very closely to those in the
university surveys in Chapter 1, but this time the sample of pupils
was a more representative one since they were teken from the whole
0! prade svectrum and not just from the cream punils wﬁo had
achieved university entrance. 3ome of the links in the "difficulty
chains" ware now able to be pushed bhack even further. .This aroun
found difficulty with writine equations and Howe's work shosed that
their ahility to write forﬁulae was largely a matter of memory rather
than reason.

This 'C' crade group included the axtra orranic tovic of Nl
(hydrolysis of carbohydrates) vhich completed‘the chain linking
torether all the topics involvine hydrolysis and condensation
reactions.

A new arsa of difficulty aopeared in this group, namely salt
formation. Pram teachin~t experience it has been noted that the
motivation in this area was very low and it was further complicated

by linking it to H3 and H2. Children have considerable difficulty
vith the mental pymnastics, in which chemists indulee, of jumping
from the substance in the test-tuhe, to th2 symbols on the black-

board, to the “ind of bonding involved, to a docsible reaction nath

and /
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and then back a~ain %o reality as tﬁey see 1t. The less able the
¢hild, the more difficnlt is this exercise. It is doubtful if any
service is beine done to chemistry by dragminc children throurh this
salt forration area at all. (3e2 Inrle and Shayer's article in

10 28

Bducation in Chenistry where the same conclusion is arrived

at by different means.)

(1iii) ™Iever Grasved" (Granh 3)

The results have servel to sharnen the points made in Craph 2
with J6 (molarity oaloulations) and K (ion—electron equations) being
the maxima.

The introduction of ionic formulae and ionic equations into th

Alternative syllabus have raised more »roblems than they have solved.

r

Teachers have encourared nunils to write very dubious iornic formulae
3ty = : 3 i hi

(e.o. A177(01 )3) in a hewildering variety of ways. This has becone

gvident to the author during his duties as Principal Setter and

axaminer at 'C' crade and '' grale. For exapnle, calcium chloride

n 2

- 2 -
152* 0a®*2017 and ca™*(217),.

has appeared as CaCl %a201, Ja” Cl,,
[ a8

2’

This was further agsravated when balancel equations were written

as:-
—~ - - D=
2A15+BSOZ + oNatorm  ~  2a17TzonT 4 2(7a"3077)

The ultimate in complication was the additional introduction of
state symbols.

Steps which were meant to te helnful and illuminatiar have imnosed
such a burden on hoth nunils 2znA teachers that a joint document of the
Jeottish Jertificate of Bducstion Exami-ation Board and the Jonsultative
13 '

Committee on the Curriculum has recently been published reconending

a /



- 2.9 -

to the sinnlest

i~

a refurn ormz of formulae and eguatiors showing ions

g state symbols only when shsolutely necessary to an arrument.

v

o

A3 corroborative evidence of these difficult sreas, every tonic

!

marked by a veat in Cranhs 2 and 3 has heen mentiored in the H.0.0.

- . . A 14
'0' Grade lxaminer's 2enort for 1971. 77

These arveas of difficulty are row under intense examination by
the author and co-worker3 so0 that recommendati~ns may be made to the
Examination Board for later syllabus revisions. It may be that some
topics will have to be removed from the syllabus or postponed for

28 . . . .
later treatment. This will become even more imperative as the

school leaving are is raised and nor2 pupils of lower ability are

brourht into 'C' erade courses.

(¢) 2OMPARISCY OF S.C.3. '0' 0RADY RISULTS

To obtain an independent check on the overall performance of
the two groups their 3.0.3. 'O' Crade examination results were con-
:sulted. These were published in bands of five marks from 1 - 13.

The lower the band number the hicher the examination score.

TAB

o
o]

2.3
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‘2.3

TABL?®X

Mo. of Candidates in band

BAND 'I' Group 'C' Group
1 .< 4 ' ?
2 | 2 3
3 9 g
4 10 11
5 18 ‘ 21
6 19 30
7 -16 20
8 19 7
9 25 18
10 11 6
11 1 | 14
12 3 13
13 1 | 7
Mean 7.1 7.5
3.D. 2.6 2.9

A detailel explanation of bands and a school by sachool analysis

is given in the Appendix p. A2.48.

These results showed little or mo difference hetwesn the groups.
On the test results (p.2.4) the 'I' oroup was shown to he sliﬁht}y
better than the '2' sroup and this is borne out in the 'C' erade
rezults.,

Prom /



Trom the thres sets of results deseribed in this chanter it
was clear that there was no simificant difference hetwesn the I
and 'C' ~roups. It mi~ht, therefore, be concluded that the course

could he taumt in either order without detriment to the nunils.
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hapter that srouvrs of topics were
causin~ considerable dif“iculty rerardless of order, suzranted that
maturity barriers existed znd persisted «t least to '0G' ~rrade, that
iz, well into the Piacet III level. Therce was the other factor
that concents, introducad before the child wss ready for them, nmisht
have induced & feelivn~ of inspaurity even w%ell into the stace of
development where these concents would normally be acczaptable, The
fact that both grours were given a full treatment on bondine, formula
and equation writing, and mole czlculations at the begining of third
vear (age 15) when the majority of them were not intellectually ready
for it would tend to colour their conceptual ideas far into their
course. Thare may be teachine methods which can successfully over-
icome these nroblems and thess are bein~ actively soucht.

An investiration of this hypothesis vsaz berun by the author and

T.V. Howse in Au~ust 1971. Over 1000 nunils in ten schools have been

divided into matched ~rouns. A1l hzve followed the 'J' group oxrder
degcribed in this chapter. Hzlf of them have bheen taurht bonding,

formulae, eéuations and the mole bzfore the rest of the course.

° : -
The other hslf bheran with a simple treatment of bondine with emrHasis
on the covalent bond. Mormulae, equations and the mole vill be
introduced only vhen necessary during the coursa. Por the first two
terms the only infofmation required to write formulas will be that

carbon forms 4 honds, nitrogen 3, oxyren 2 an’ hydroren 1. Jkeletal

~ormilas will be used throurhout shovin~ the hords and so the formulae

will /



will be a¥in fo the molecular wmndals which will be used. At a later

[&]

tare (e.>. s0ap makine) ions will be int~oluced and? much later still,
calculationrs and the mole will come in. Tris is &n attemnt to relate
~conee2nt to maturity. |

Cormon tests will he apnlied to pot™ rrouns.

The teaching orfer beins used is:-

(1) Atomic theory and bonding
(i1) Pormulee of simple hinary comvounds -

Farticularly carbon forms 4 honds, oxyren forms 2,
nitrocen forms 3 znd hydrogen forms 1.

(iii) Hydrocarbons - All formulae in struetural form to zllow
punils to count bonds.

(iv) Carhohydrates
(v) Proteins
(vi) Tats (but omit soap making)
(vii) Simple ionic binary compounds - revise ions.
(viii) Reactivity and corrosion
(ix)' Tonic compounds involvine oxy anions
(x) Y, conductivity, acids etc.
(xi) 321t making
(xii) Hax=d 2nd soft waber - soaps and deterrents
.
(xiii) Sulohur chamistry
(xiv) Nitrogen chemistry
(xv) Caleculations from formulae usins examplesrfrom all

previous work

(xvi) Vacromolecules

Bquatiors phased in as follows:-

(iii - vi) structural formulae — 2quations purely as a reaction
summary - no balancin~ required

(viii) /
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(viii) equations (not necessarily halanced) and introduce ilon-
electron equationz and equatisns invelvin~ ralevant
species, Continued into (ix) - (=xiii).

State symbols only where raguired
(zv) M1l balanced equation for calculations.,



APPENDIX TO CHAPTER 2




BATTERY OF TSST3 U3ED IN MATURITY STUDY -

Written and compiled by A.H. Johnstone




U.2./Chen.2d./1 'I' and 't

Kttempt all the quéstions.
1. There are three kinds of particles which make up an atom - the
proton, the e¢lectron and the neutron.
Which of these three appear in the nucleus?

CRCRC R I I A I B IR I R I N I A IR IR S R A A B A RN B RS A N A S I I I S IR IR B RN IR Y )

2. An atom of arsenic has an atomic number of 33 and a mass number
of 75.

How many electrons Aoes it havVeT.ie.ieeessereasssasoscessossssosnn

How many protons does it haveliieieieissscerosasssassasescsssosnas

How many neutrons does it havel.iseesesseceessescesasssresesssnns
3. If a neutral atom has 5 protons.

How many electrons does it havel..eeeeecertceoeesnensossrsesscnnss

How many neutrons does it haveT.sieies e cncessreronossscraasssns

4. Atoms of the same element having the same atomic number, but
different mass numbers are called

e
5. Put a tick against the correct answer to the question.

The atomic weight of sodium is 22.99. This means that:-

A, A1l sodium atoms weigh 22,99 atomic mass units (amu).

B. Most sodium atoms weigh 23 amu and a few weigh 22 amu.

C. Most sodium atoms Weigh 22 amu and a few weizh 23 amu.

D. ¥ost sodium stoms weigh 23 amu, but some of them have lost
an el’ectron.

0. What kind of bonding would you expect between the following pairs
of elements?

(a) Chlorine and chloTine eeeeescseescssssscesoesisesssosnncanse
(b) Lithium and DIOMINE seeseresssensssonsrsenoasrsoasosssnnsos

(6) Lithium and SOMLUM eesessessessenessnrsiroseneneuessneenss

7./



T.

“hat kind of “onding would vou exmect to be nresent in the

~

following substances, P, % and R?
P Conducts electric current when in s0lid or liquid state
] Conducts elactric current in neither solid nor liquid state

R Conducts electric current when molten, but not when solid

R R I N A A A I I I R I R N B N A B I I SR I AR I A A A N IR BN AY BN B B AT BT SR I B N

Substance X bhoils at lOOOC and freezes at OOC.

Substance Y boils at 3500 and freezes at -166°C.
Substance Z boils at 2230°% and freezes at 1000°C.
Think about the strength of the bonds which hold each molecule

to its neighbour. Now write the letters for these substances
in order -~ the ons with the strongest bonds first.

® 9 60 8 © 00 00 09 008 055060000 08 800 EIELEL RS PILLEIILILIBEEPPTOEPIEOEIIEITISTOEDS

Look carefully at these sets. Write the word 'SALTS! in a
corrsct small circle.

Kaving done this, enter the following names in the correct
circles:-

potassium chloride, hydrochloric acid, sugar solution in water.

Aii SubsMces Al sy bSY‘McEs

CO'\.W.U}j towns




NMARKING BIIWF

2 marks if completely correct.
1 mark if 211 three given.

1 mark if tw given and one wrong.
3 marks

2 marks - number of neutrons is, of course, not known.

1 mark

1l mark - for B

3 marks =~ accept the names for the bonds which you have
taught, e.g. ionic or electrovalent.

3 marks

1 mark for completely right.

4 marks.

This simple Venn diagram is an experiment in this type of

question. If puvils are not on new maths, explanation
will be required before test.

Total -~ 20 marks




U.0./Chen.5d. /2 'I' and o

1. Vi.ite in the spaces orovided, the chemical names of the follow-
ting substances =

C LRI I A I I B O R N A I W)
(a) Pb 12 e v 0000 IR AR L R R AN
(b) Cu(I\GOS)Zc--oo'..--.‘t.ouco.cloncn.oou.u---‘onoco-oco-.ll-unc

(C) Na2304..--..........--....-.......-c.---...--..-...o...-o-o

(d.) }.\TH4-.BI‘.oovouatnoouaoouoloo.aoo.on-noo.-oucunn.o..ocul-l-cuo.
(e) I\Iio Sseres s tracone 9 5 2 60 © 0 0000 0008 TS LLNL BB OPIE L

2. Write in the spaces provided, the chemical formula for the follow-
:ing substances -

(a) Ammonia (hydrogen NItTIAE) eeeeerarneooecoasaorasanennnenns

(b) Nitric acid (hydrogen NitTate) veeeeeecessessosssesoncssons

(¢) Tron (TII) ChloTide eeeeeeeeeeceecancescocassasnassssosanns

(@) Ammonium phoSPhabte «eeveesssecsseesaseassossssssssscnnsnanns

(e) Aluminium Sulphate «useeecevessossocsscansssossnsssssoanesne
3. What mass of nitrogen is vresent in 195 g of the compound -

NHBI‘ 3 6 5 0 02 85 0 6000 508 005D S EEN L0 PIEEePess 0e es e s s 0000000000

4

or
H
i
@
o

Atomic weights - N = 14; H = 1
4. Balance these equations -

.(a) Cu + AgNo3 - Cu(N03)2
(b) Wa + A1203 ~ TFa 0 + AL

5. Here is a balanced equation. Use it to answer the questions
below.

+ Ag

2Pb(NO3)é(s) - 2Pb0(s) + 4N02(g) + 02(5)

(a) How many moles of nitrogen dioxide (MO ) would you be able
to get from 2 moles of lead nitrate? siiioceescccccccaceace

(b) FHow many moles of oxygen would you be able to get from 1
mole of lead nitrate? ..eeiecrcrcnscrocaccoiiterierisncenes

6. /



You are asked to find out if iron metal can he obtainel from
i_on oxide (F20) by heating it with hydrogen. You are pro=-
svided with the apoaratus.

N

== A
P 7

Draw in on this diagram -
(a) “here the oxide would bhe placed.
(v) How you would get rid of the extra hydrogen.

Suzgest a test you might apnly to show that iron had been
ohteined -

R R R R N N I R R R N N S R A A A S R R R R N A N N I AR

Suppose that iron is obtained, write an equation for the
l‘eaCtiOn 99 9 6 ¢ s e 0GP eeNs BB BOEEINEOIEOIELIETLOS




U.0./Chen,24./2 11" and 'O

MARKING BRIZF

One mark for each correct answer to a total of 5.

One mark for each corrcct answer to a total of 5.

Accept the answers in the form you have taught them, e.g.
with or without charges, etc.

1 mark for correct F. Wt. and 1 mark for correct result.
One mark for each correct equation.

Two marks.

Four marks.

The test for Fe would be its attraction by 2 magnet. (Physics
course shows Fe, Ni and Co are attracted by a magnet).

Total =~ 20 marks




U.%./Chem. 3. /3 11!

1. The reactivity series can be divided into four vportions:-
(A) The very reactive metals like sodium.
(3) The fairly reactivs metals like iron.
(2) The fairly unreactive metals like copoer.
. (D) The very unreactive metals like zold.
Here is a list of metels. “rite the code letter A, B, C or D
against each to sho7 what vart of the reactivity series you
think it is in. (Note that a letter may be used more than
once.)
(1) Wickel (Mideevuvveeannnn
(1i) Caesium (Cs)evevurunnn.n
(iii) Platinum (Ft)ieeeveenn..

(iv) Barium (Ba)eeeeeeeeeenns

2. Put a tick (V) against the statements below which you think
ars correct. = All the statements are about the metal lithium.

(i) It is the least dense metal.
(ii) Because of its lirhtness it is used for building aircraft.
(iii) It is a soft metal able to be cut #ith a knife.

/\

)
) It micht catch fire if dropped into water.
)

(v

It will not rust easily.

3. few vears ago an excavation was done &t a Roman fort in
Perthshire. In a sealel oit wvas found thousands of Zoman
nails in excellent condition desgvnite havine besn buried for
nzarly 20C0 years. Cnly the nails at the top and sides of
the pit sere rusty. Hobody knows the exact reason for the
praservation of the nsils. Here are four nossible exvlanations.
Put 2 tick against the one which rou thlnh is most reasonable.

(A) The nails were mede of aluminium <hich hardly rusts at all.

(B) The 3lomans had discovered a way of maling non-rusting iron
which has since heen forgotten.

(C) The nit contained only =z limita2d amount of oxygen which was
used up in rusting a few nails only. .

(D) The nsils had been coprer platb nd ths copper had rusted

a
awvay thus protectine the iron na ls.

5/




‘hen a piasce of zinc is droona2d into an excess = =solution

of silver nitrate, t ¢ disapnears snd silver zpnears in
its olacre, Juringe the reaction thewe is & —-ise in temuerature.
Mich of the followin~ st te-ents is likelv to ha trus:-

he =in

3

() TFor every gram of zinc that disapnezrs, a rram of silver
eppears.

(3) = 2

r every gram of zir-c that disanpears, 2 zrams of silver
near

(C) Tor every gram of zinc that disanrvears, a definite mass
of silver =zlways apnears.

(D) For every cram of zine that disapnears, it is imnossible
to say how much silver apvears.

In the ahove exreriment there was a temperature rise bhecause:-
(tick the nost reasonable ansver) -

(A) The zinc was disapoearine as vanour.
(B) The water had to evavorate to zallow the silver to crystallise.

(8) The heat enerpy teken in to turn zine into zinc ions, was
less than the heat enersy given out to turn silver ions to
silver.

(D) The heat energy given out when zinc turns into zinc ions is
greater than the heat energy taken in to turn silver ions
to silver,

There are four metals A, B, € and D and here are some facts about
them. A can displace C from its salts, but is itself displaced
by B. “hen D is attached to B, it prevents B from rusting.

#hen A is attached to B, it makes B rust faster than usual.

Which of the followin~ is the correct reactivity order of the
metsls, the most reactive coming first? (Tick your answer).

(4) DRAC )
(B) BDC
(c) DmzA
(D) ©A3BD

The reactions below fall into 4 caterories:-
(4) oOxidation

(B) Reduction

(C) Decomposition

(D) Teutralisationm (i.e. acids being 'cancelled out').

Write /
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Write one of the letters A, B, £ o: D arainct ench of the
reactions below to show thazt you ltmow shat catzcory it falls
into. (iote - a latter nay b2 us2d more than once.)

(1) c.aco3 - Ca0 + CoO,

(ii) Pez+(aq) - Fe3+(aq) + e

(iii) S + 2¢ — 8°

(iv) A reaction at 2 cathode during an electrolysis.

(v) 1,90, + Zn0 -~  7ZnS0, + H,0

4 4
8.
Metex ey :F\' Wet filler paper

Coppe(‘

In the exveriment shown above there are several nossible results
when differsnt metals are nlaced on top of the wet filter naper
and copvner.

(A) A large meter reading indicating flow of electrons from
the metal to the copper. :

(B) A large metar reading indicating flow of electrons from
the copper to the metal.

(C) A small meter reading indicating flow of electrons from
the metal to the copper.

(D) A small meter readinz indicating flos of eléctrons from
the copper to the metal.

(%) No meter reading indicating no flow of electrons in either
direction. :
.
t of metals below, place the most sultable letter

Against the 1lis
Dor 3. (Wote - each letter may be used more than once.)

A, B, C,

(i) Lead (ii) Platinum (iii) Sodium (iv) Copper
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MARKING BRIEF

ll. (1)

B
(ii) A
(iii) D
(iv) A One mark each

2. Ticks against (i), (iii) end (iv) only - Three marks

Since the parts of the question are interdependent this is not
just a series of True-Falss answers.

One mark deducted.

i

Therefore a wrong tick

Therefore five ticks = One mark in total.
Minimum mark = 0.

3. C - One mark.

4. C - One mark.

bR D - One mark.

6. (i) - One mark.

7. (i) ¢
(i1) 4
(iii) B
(iv) B
(v) D One mark each
8. (i) ¢
(i1)

(iii) A

One mark each

(iv)

td

ey
[&)

N

Total - 20 m

!

N
a




U.%./Chen. 3. /3 100

From the list below vick out the best definition of a hydro-
tcarbon. It is a compound containinz:-

(4) Carbon
(B) Carbon and hydroszen
(¢) rarbon and hydrogen only

(D) Carbon and water only.

Ffrom the structures given below, pick out the one which is an
isomer of (4):-

H K
H-C-H H-C-H
FHE " H oo
H-fey-G-G-H  H-(-0-C.E H-C-G-G-H
HHHH HH I HHH
(4) (3) (c)
HE HEE
-0 Bop-f-bR
H-(- Gt HH
HH H-C-H
H,

(D) (8)

AnSWeI' et ess s s 00000

There are 3 cylinders each containing a different
inflemmable gas. A jet is attached to each cylinder
and each gzas is 1it. Above each flams som2 chemical
tests are carried out es shown in the Table balow.

Gas in cylinder|Limeswater test|Test for water|Tests for other gases

4 Turns milky Hone None detacted
or chnalky

Wil Positive Hone detected

Turns mill Posgitive Hone detcctad
or chalky -

o]

From the list below gelect the correct enswzrs which should
apoear in the blank column 1. Virite the enswers in the
blank column.

=
I3
[

Hydrom~sn, methansz, water ~as, carbon monoxidsz, carbon dioxide,
on the evidence it is impossible to be sure.
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{rv are Tiven 2 hothtle of a commound marked CKH1 . Below

- v A t o e o . O L - .
t..ere 13 a4 list of s*tate - entsabout it. Fut a tick
(V) a~ainst euch statesent vhich could be true.
(1) Its mame is hexane,
[ s s ] - .
(i1) It is an unsaturated open chain comnound.

(1i1) It is a saturated rin~ comnnound.

(iv) It can make bhromine water turn from colourless to brown.
(v) It can burn.,

Cruie 0il is a mixture of hydrocarbons. It is senarated into
its commonents on a laree industrial scale by:-

(A) “as chromatocraphy

(3) Practional distillation

() Cracking

(D) Polymerisation.

Thich one of the following statements is true at room temnerature?

(A) Very low formula weight (molecular inﬂht) hydrocarbons are
solids. ’

(B) Verv high formula wei~ht (molecvlar weisht) hydrocarbons are
rases.

(2) Very low formula weisht (molecular weight) hydrocarbons are
liquids. : ~

(D) Veryv hich formula weight (molecular weirht) hydrocarbons are
] solids.

If some hi~h molecular weirht saturatad hydrocarbon is cracked,
vhat would you do to your wroduct to show that cracking ha? taken

(2) 3Shave it with bromine water

(D) Shake it with limewater.
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7% would vou exoect to 302 havvenins durinc the test you chose

in €.7. to convince you that the crackins had been successful?

L R R R I I I I I I I I R R I S S S S S O N I RN RS IR S N S R B I

Cold 5

. ; — The funciion of this a»nara-
Water stus is:-
A 1 R
' N o o AP (&) To allow the liquid to
Glass _"_& S boii, hut not to escapa
Weol ' as

as vemneour.

(B) To do a fractiomal
distillation.

(C) To erack the hydrocarbo=ms.

(D) To take away the water

e/
H\\jd(mcubor\ U : soluble nart of the

— hydrocarbons.
3t

S

C3.

e

Here is a 1i of plast

Polythene (Polyethylene)

Polyoronylene (Polypropene)

Folyvinylchloride (p.v.0.)

Polytetrafluoroethylene (P.T.7.7.)

Tolystyren=.

-~
]
ro -0t

Trite (A) arainst the plastic formed by polymerising

Write (B) amainst. the plastic formed by nolymerising -
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MARKING BRIZP

C

c

Czrbon monoxide
Hydrogen,

Impossible to be sure
(ii), (iii), (v)

Not just a TF question, because there is
interrelation of ideas. (Deduct 1 mark

if (iv) chosen; but minimum score is zero.)

B

D

C

Reasonable observation of C'in Q.?
A

A - P.T.F.E.

B - Polypropylene

mark

mark

mark
mark

marks

mark
mark

mark

.mark

mark

mark

mark

Total - 15 marks




Jhem., 1'1/ ?II

1. ‘ pH = 1 3 7 11 14
\-—V—-—'\-ﬂ\r-—’?W
(a) () (e) (a) (e)

In the boxes nrovided beside each of the folloring solutions
write (a), (v), (o) (a) or (o) to indicate roughly its pH.

(i) Pure water
(ii) Orange juice
(iii) Household ammonia.

2. 4 1711 solution of acetic acid has a low conductivity. It iss-

(a) A concentrated solution of a weak acid.

(b) A concentratad solution of a strong acid.

(¢) A stronz solution of a dilute acid.

: (d) A dilute solution of a concentrated acid.

3. Then 25 ml of M HCL %s mixed with 25 ml M NaOE the temperature of
the solution rises 6 C. If the acid and the alkali were both
21 what would the temperature rise be?

(2) 6%

(v) 12%
(¢) 18%
(a) 24%

4. If in Q.3. 50 ml of 2M acid was mixed with 50 ml 2 alkali, the
tenperaturs rise would he -

] ) 6%
(v) 12°%
(¢c) 18%
(4) 24°%

5. If the conductivity of the following solutions is measured
under identical conditions these results were obtained.

M HNO3 100 units
1 KOH 80 units
M KNO5 70 units

"mich /
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thich of the following conclusions is correct on the basis of
this evidence azlone. (Lore than one correct answer is
possible.)

(a) The hydrogen ion is more mobile than the potassium ion.

(b) The hydroxide ion is more mobile than the nitrate ion.

(c) The nitrate ion is more mobile than the potassium ion.

(d) The hydrogen ion is more mobile than the hydroxide ion.

6. “hich of the following equationé represents. a neutralisation
reaction -

(a) Zn + Cuso4 = %m0, + Cu

(b) 2KOH + Ni(N03)2 - 2K:No3 + Ni(OH)2
(¢) KXOH + HNo5 - ,KNOE + H)0

(a) BaCl, + sto4 - BaSO4 + 2HCL

7; One way of neutralising an acid is to add a carbonate. Which of
the conductivity graphs below would be obtained by adding copper
carbonate to sulphuric acid.

SR

Amount of

CuCo
3

(a) (b) (c) (a)

8. 50 ml of a 2M solution of hydrochloric acid (HC1) required 25 ml
of a sodium hydroxide (NaCH) solution to neutralise it. What
was the molarity of the FalOH? s.eeurererennnennnecnncoananeecans

9. If in Q.8. it had bheen 25 ml of Ba(0H), instead of NaOH used up,
what would the molarity of the Ba(OH ,  have been? ...........n.

10, How many ml of M Cus

1. /

4 could be made from 16 g Cu304(s)?........
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1. J air points are marked on the conductivity craph when HCl is
neutralised with 3a(0H) ot -
(o) '
(b) &e Azainst each of these
Cond © letters ba2low write in
¥ which ions are carrying
the current.

Baloi),  addad

(a)
(v)
(o)
(a)

i2, If sulphuric acid was used in Q.11. instead of hydrochloric
acid the greaph would have changed into:-

~_ >

(a) () @ (@

13, If in &.11. an indicator had been in solution, at what lettered
point would it have changed COlOUrT....ceivescacsccscncnsecennes
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MAREIWG BIIEF

1. (1) - (e) : | 1

(i1) - (v) L ‘ 1

(1311) - (o) (or accept (3)) 1
2. (a) | : 1
5. () : o
4. (v) | | 1
5.  (a) | 1
| | (v) - | 1
6.  (c) ; x | 1
.oo@
8. 4 1
9. 2M ' ‘ 1

10. 100 ml . | 2

mark

mark -

mark

‘mark

mark
mark
mark
mark
mark
mark
mark
mark
marks (give

one mark for
correct F.wt).

11. (a) ®" + 01”7 | (or in words) ' 1 mark %
(b) ® + 1 + Ba®®  (or in words) 1 mark ) right
(e) Ba2+ + Cl_ (or in words) 1 mark ; wzgng
(a) Ba®t + 017 + OH (or in words) 1 mark 3
12, (@ | 1 mark
13, (c) 1 mark
Total -~ 20 ﬁarks




1. iIne nzturzl nrocess by which CO2 + H, 0 are converted into

carbohydrates in sunlicht is called

® 2 2 9 800 P00 L8 e e BN CELIBEEEBISE
2. In our bodiles ths reverse reaction tekes nlace. It i3 called

L A R R R R N N R R R R R E R T T Ay

o

3. Choose th2 most accurate description of a carbohydrate. Carbo-
drates are comnounds of:-

grbon and hydrogmen only (any ratio)

Ca

M-
RV Jia

K

bon dioxide and water (ratio 1 : 1)

Il
=
e

1)

(d) Carbon, hydrorzen and oxymen (1 : 0 ratio =2 ¢ 1).

N oA E .
(e¢) ©erbon, hydrozen and oxyzen (I : 0 ratio

4. Compounds Todine Test Fehline's or Benedict's Test
Hegative Togitive
(no blue)
Hegzative Hecative
Positive Hegative
(blue)
Positive Positive

In the "Comuounds" column above enter sach of the following
substances in the correct hox. Hote that a bDox may contain
the nane of more than one substance.
Starch, glucose, m&l tose, sucrose (oane sugar).
J. Look at tie list of proverties below, Place the letter B
azainst two of them which are properties of Lthanol and A
arzinst two of them which are properties of Acetic acid.
(FWote that A and 3 may be in the same box).
(i) Soluble in water.

(i1) Solid at room temmerature (ZOOC).

) Low but not zero electrical conductivity.

[N
e
=5

(iv) ieutral to 1dtmus.

(v) Tich slectrical condvetivitvy.

(vi) Catehes fire on contact with air.
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A 1, - 1l s - . . . .
Alconol (ethanol) cen be converted into acetic acid (ethanoic
acid) by a nrocess czlled:-

(a) Reduction
(b) Yeutralisation:
(¢) Hydrolysis
(d)_ Oxidation

in alcohol and an acid can be combined together in the presence
of sulchuric acid fto zive a new kind of compound called:-

(a) A carbohydrate
(b) An ester
(¢) An aldehyde

(a) A salt

Juestions 8, 9 and 10 refer to this list of processes -
(a) Condensation

(b) Weutralisation

(¢) Hydrolysis

(d) Hydrozenation

By which of the types of reaction mentioned above can the

followine changzs be brought about. (.nter the letter in the
hox provided.)

The combination of acetic acid and ethanol to form ethyl
acetate.

The production of sodium sulphate from sodium hydroxide
and sulphuric acid.

The combination of simnle suszars to form starch.

‘Mat is the name gziven to natural catalysts in living things?

R EEEEREEEEEIIE I I SRR IR B AL I BB A

Jusstions /

0 60000000 00 et eI L0




‘mestions 12-14 refer to this diarram of & chromatogran.

12.

13,

Maltose —X ‘ -

Glucose —3 | =
Starch + saliva—————————éﬂ: » e

Starch + acid s % =
Potato flour + saliva —+—>x [

Potato flour + saliva .

+ yeast (1 hour) —>x =

Potato flour + saliva
+ yeast after several —+——x
days

A sample of atarch is divided in two. One samnle is hoiled
ith dilute hydrochloric acid while the other is mixed with
the catalyst in saliva at body temneraturs. After half-an-
hour the reactions are complete and the solutions are
chromatogzrammed,

The cetalyst in the saliva affects the starch differently
from the acid in that it - '

(a) cannot break the starch molecules as much as acid can.

(b) breaks the starch to a differsnt, but equally simple
SU.%‘&I‘ » )

(o) takes lonz2r than the acid to break the starch molecules
and so the chromatosram was run too soon.

(d) was not allowed to react at a high enough temperature.

Potato flour, after treatmsnt with saliva, wvas then left in
contact with yeast for an hour which of th» following is
the most liksly explanation Pov the results shown on the
chromatoorem,

(a) The yeast produces hydrochloric acid to continue the
brduklﬂm—dOJn nrocess.

(b) The yeast nroduces mew catalysts which continue the
breaking-dowvn proca=ss.

(o) The yeast catalysts operate faster than the saliva
catalysts and so g2t further.

(d) The yeast causes the solution to boil and so breaks the
maltose.
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with ths solution for several days.
solution shows no spots beczuse the sugars had besn converted
into -

(a)
(b)
(e)
(a)

carbon dioxide and water.
their elements.
alcohol and carbon dioxide.

carbon and water.

14, The experiment in 2.13. wes repsated hut the yeast was left

A chromatogzram of this
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MARKING B2IEF

1. Photosynthesis 1 mark

2. Respiration | 1 mark
3. (a) ' E 1 mark
4. Glucose
maltose
sucrose
starch
— ' 4 merks
5. A E
A
B
—— ' B 4 marks
6. (a) ‘ | 1 mark
7. (p) ' » 1 mark
8. (a) . , , , 1 mark
9. (b) 1 mark
10.  (a) 1 mark
11.  Enzyme ) 1 mark
12. (a) . : 1 mark
13, (b) E 1 mark
14. (c) . | 1 mark

Total = 20 marks
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Put a tick in the box opnosite the correct ansJer.

1. A niesce of coal 7as found to have yellow-r0ld flakes in it.
Vhen the coal was burnt there was a sm2ll of sulvhur dioxide
given off and a red ash wzas left. The most likely explana-
ttion for the presence of sulphur dioxide is that:-

(a) Coal is a compound of sulphur

(b) Sulphur dioxide gas is trapped in the coal

(¢c) The yellow-sold flakes are nieces of sulphur

(d) The yellow-go0ld flekes are pieces of iron sulphide.

2. When a pisce of filter paner wet with bromine water is held
in sulvhur dicxide cas, the brown bromine colour disappears.
The rzason for this is that:-

(a) xycen from the 30, turns the bromine to colourless

hromate ion (BrOZ)T

(b) The bromine and S0, react to zive heat which makes the
romine escape as vVapour.

(¢) The bromine gains electrons froméhe 302 to give colour-
:less Br ions.

(d) The bromine and 502 combine to give a new colourless

comnound Br2802.

3. Put a tick agzainst two of the following properties which are

common to both 002 and 302. :

(a) Denser than air

(b) Extremely mluble in water
(¢) Burns in air

(d) Allows mannesium to burn in it

(e) Has no smell

(f) 1Is a bleach.

4. You are provided with the following pieces of apparatus and
solutions. In the space provided sketch how you would set
up the apparatus to show that there is an clectron transfer
betiean chlorine water and sulphite solution when they intzract.
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class
- ¥00l ”
— Nl
YT T TY YT

coprer wires

meter (:::)

-

carbon rods

Abova the meter draw an
arrow to show in which
direction you would expect
the electirons to flow.

sulnhite chlorine
solution water
. (:”‘___-_ —_——— e e —— Cojawsf
A\ = )
e f\(?@b : | A
[—> . 3T P
Oxc‘j gen
——— Cone. HLSOq_
/

Fill in the names on the labels.

Wy

. d
G

.
GLAUBZR'3 3ALT,

1 01d hottle was found containing a chemical labelled
The followinz tasts were anplied to the

white solid to find its modern chemical name.

(a) It dissolved in water to give a solution with pH = T.

(v)
(e)

It gave a yellow flams test.

then barium chloride solution was adled to the solution

in (a) a white pracipitate formed which was insoluble in

acid.

The modern name for Glauvber's 3alt 19 sceiversecscsnns
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(a) Oxidation only

(b) Reduction only

(c) Both oxidation and reduction
(d) Ueither oxidation nor reduction.

Into which of the above categories do the following reactions
£ig?

2
(i) Cu“+ + 2e - Cu .

. 030 - _
(i) us0, + HyS CuS + Hy%0,

(ii1) 5032‘(aq) + I(s) + HO - SOi_(aq) + 28%(aq) +
| 21 (aq)

(39)  2n(s) + 2*(aa) + 027(aa) ~ Zn"*(aa) + 502 7(a)
| + By(g)

(v) 2u%(aq) + SO§—(aq) - 50,(2) + mO(1)

When concentrated sulphuric acid falls on to a.piece of wood
a black stain develovs because:-

(a) The acid generates heat and chars the wood.

(b) The acid removes water from the 'wood molecules' leaving
carbon. :

(c) A black sulphate of wod forms.

(d) The acid draws a black tar out of the wood.

In a larze powsr station 10 million tons of coal are burnt per
yeaxr, If the cozl contains 1% by mass of sulphur, what mass

of sulphur dioxide will be released into the atmosphere
annually?

2 2

.....-...o.--...-.........-....tons

The main effect of this SOQ’in the atmosphere is -

(a) /
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(a) To hleach washing hanging out in the vicinity of the
power station.

(b) To disinfect the air and make it safer to breathe.
(¢) To preserve fruit in the surrounding orchards.

(d) To produce sulphuric acid which causes damage to
property and people.




(»)
(e)
(a)

- 2,23 -

To vleach washing hanging out in the vicinity of the
power station.

To disinfect the air and make it safer to breathe.
To preserve fruit in the surrounding orchards.

To produce sulphuric acid which causes damage to
property and people.




10.

FARKING BRIEF

(a)
(c)

(a) (d) 2 marks. Deduct a point if more
: than two answers.

2 marks for a comnletely workable sketch

(l mark for a partially workable sketch)

1 mark for arrow direction from sulphite to
chlorine through the meter. ’

Sulphur dioxide
Platinum (or platinised asbestos):

Sodium Sulphate
(1 mark) (1 mark)

(1) ()

(i1) (a)

(i11)  (e)

(iv) (e)

(v) (a)

(b)

Correct F. Wts. (or ratio)

Correct answer - 200,000 tons

(a)

Total

1 mark

1 mark

1 mark

1 mark

5 marks
1 mark

1 mark

1 mark

20 marks
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Put & tick in the box opposits ths correct ansvyer in
Questions 1 - 4,

1. Fats are classed as esters because they are made by linking
an acid with:- |

(a) an alkane

(b) an aleohol

(¢) an alkene

(d) 2 sugar.

2. thich on2 of the following statements is not always true about
the acid in a fat:-

(a) it has a Z00H group

(b) it has a long chain of carbon atoms

(¢) it has a zig-zag chain of carbon atoms

(d) it is stearic acid.

3. If you were provided with 1 g of each of the following sub-
:stances, which one would give out most heat when it burned
completely?

(a) sugar

(v) fat

(c) ege white

(d) starch.

4. To convaert a fat into a soap you would heat it with:- -

(a) sodium chloride

(v) sulvhuric acid

(¢) sodium hydroxide

(d) saturated brine

5. Use the symbol =—0 to represent a soap molecule in which
the '0' renresents the CCC  zroup.

If this molecule were introduced into this beaker of liquid,
draw (in the haaker) the most likely vposition it would take un.

A -

——mnurs water




7.

8.

10.
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“hich one of the followine solutions would you exnect to be
"hard"? ”

(a) sodium chloride solution
(b) sea vater
(c) distilled water with dissolved air

(d) rain water with dissolved ¢o,,.

Show that you know the meaning of the term "hard water" by
filling in the blanks in the sentences below.

Hatural water is "hard"when 1t D2S eveeeescosncsseseses LONS
dissolved in it.

Instead of forming a lather in hard water, soap forms a .....
Soanless detergents have the advantage over soap in that they:-
(a) make clothes 'whiter than white!

(b) can -lather even in hard water

(¢) are 'kinder to the hands!

(d) do noﬁ make clothes shrink.

The raw materiais for making soapless detergents are:-

(a2) hnydrocarbons and sulphuric acid

(v) carbohydrates and nitric acid

(¢) fats and sodium hydroxide

(d) proteins and hydrochloric acid.

Flzace the letter P in two of the boxes below against materia}s
which are mainly proteinsi- ’

(a) oornflakeé

(v) hair

1. /

(c) ergs
(d) sugar

(e) butter

e




12.

13.

14.
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Whlch one of the following statements best describes all
proteins:-

(a) compounds of carbon

(b) compounds of nitrogen

(c) compounds of carbon and nitrogen
(d) compounds of acids.

The uilding units' of proteins are called viveiereveseecens

® 20080 00000060 cs0s 000000

These units are linked together by a process called:-

(a) condensation

(b) hydrolysis

(c) distillation

(d)‘ hydrogenation.

A substénce (X) was heated with soda lime and an alkaline gas

was given off. On this evidence alone which one of the follow-
:ing conclusions is Jjustified:-

(a) the gas is ammonia

“(b) X is an ammonium salt

(c) X is 2 nitrogen compound
(d) X is a protein,.

Name the tyve of catalyst which, in our bodies, 'digest' and
'reassemble' proteins .l....'.l.‘...'.l‘...ll....'.l..‘..‘.l

i1l in the table below in this way:-
(a) Choose headinas for the three columns.

(b) Write the following substances into the columns under
the headingrs you have chosen.

Skin; blood;. glucose; meat; lord; maltose; bread; wood;

sl LT

lzather,
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11.
12,
13.
14.

15.

16.

MARKING BIIaF

(b)
(a)
(b)
(c)

~.0il

. -+-pure water

(v)

Calcium or marmesium (or other reasonable
suggestion)

Scum or curd (or other reasonable suggestion)
(b)

(a)

(b) and (c)

(c)

amino acids

(a)

(c)

Fnzyme (or if a specific protein catalyst

mentioned accept name)

A test of creative thinking to see what
categories these compounds fall into.

Daduct a maximum of one mark if the categories

are correct, but the substances are not in
correct columns.

Dotal

1 mark
1 mark
1 mark

1l mark.
1 mark

1 mark

1 mark

1 mark
1 mark
1 mark
2 marks

1 mark

1 mark

1 mark

1 mark

1 mark

3 marks for .
all 3 cate-
tgories
correct.

20 marks




- - - e
7.5, /Shen. 3. /6 1T

1, Reinwvater is always acidic, but during & thunderstorm it is
even mora acidiec. This incrzase is caused by -
\ [P R . . )
(a) lore carbon dioxide than usual dissolvi ng in the rain.
(b) Witrossn and oxye=sn in the air combini nr and dissolving
in the rain to give nitric acid.
(c) Sulphur dioxide bscoming more snluble in rain during
thunderstorms.
hy 3 3 - . 0 3 - +
(d) Fydromen in the rainwater ionising to give H because of
the lightning.
E :
2. —>X A syohon contains a
3 nixture of three dry
gaise3 - nitrogen,
N, zmmonia and carbon
N H dioxide.
3
CO{’ . LJOJQ(‘
The mixture is bubbled into water. What is the gas mixture
at X most likely to be?
(a) The original mixture unchanged.
(v) Fainly ammonia and nitrogen.
(¢) Fainly nitrogzen and carbon dioxide.
(d) Iiainly ammonia and carbon dioxide.
After hubbling the mixture into the water for a very long time
a crystalline solid appearsd at the bottom of the bottle. “That
is it 1likely t0 De? seeroeeeorcneaneeossstncsssseosssossasasnscans
3. Ammonia gas burns only with zreat difficulty, but when the gas

i/

has electric sparkg passed throush it for some time its volume
doubles and most of the gas now burns wsall. This can be
explained as follows -

(a) Sparkine makes the ras exnand and hot gases burn hetter
than cold.

(v) 3parking rsleases hydrogen from the emmonia and this burns
well., : ‘

(¢) sparkine adds energy to the gas and this energy
ra2leased in the form of flame.

(a) Bnarkins breaks the ammonia into nitrozsn end hydrogen
which racorbine giving out heat.




Ammomia is a covalent sas.
solvution coalucts rlectricityr.
iss -

(a)

Men it Ais=olves in water the

The best exnlanation of this

(v)

(c)

(d)

Amnmonia takes a hydro=m ion (nroton) from the water to
sive ammonium and hyd-oxyl ions.

Ammonia, as it dissolves in water, releases nitrozen ions
and hydroren iors.

Jovalent commounds carry current and so a solution of such
a comvound should do so.

Ammonia dissolves so well in water that it gives a concen-
strated solution vhich conducts well.

In industry nitric acid is made from ammonia by which one of the
followine procezses?

(a)
(b)

(c)
(d)

NH3 + 3H20 ~ T_H‘IO3 + 4H2
4NH3 + 302 - 2N2 + 6H20
2N2 + 12H20 — 4HNO3 + 10H2
NHB + 4Cﬁ0 - HE"?O5 ; 4Cu  + HZQ
QU+ 0, - 4NO, 4 6H,,0
4N02 + 2H20 - ZHNO3 + 2HNO2

Which one of the following would be the safest and most conven-
tient vay to make potassium nitrate?

(a)
(v)
(c)
(a)

Your knowledgre of the veactivity

Potacsium metal +
Potassium chloride
FPotassium metal +

Potassium hydroxide

ansvier this question.

(a)
(b)
(e)

etal nitrite.

lletal nitride.

Tetal oxide.

nitric acid.

+ nitric acid.

coprer nitrate solution.
solution + mnitwic acid.

series should heln you to
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“hen nitrates are heated a vas is siven off and a solid is
left. ihich of the above so0lids would you expect to be 1o %
after heating:- (Snter the cormect le2tter in the box.)

(1) Copper nitrate?

N\ . .
(2) Silver nitrate?

8. In which one of the following reactions is nitric acid (the
nitrate ion) actine as an electron accentor?

(a) 23N03 + Zn0 - Zn(H03)2 + HO
(b) 8HNO5 + 3Cu - 3Cu(N03)2 + 2M0 + 4H0
(¢) 2HN03 + Pbco3 - Pb(NO5)2 + 00, + Hy
(a) 2HN03 + Mg - Mg(NOB)Q + E,

9. A1l ammonium compounds smell of ammonia when they are:-

(?) Cold

(b) Strongly heated -

(¢) Heated with sulphuric acid

(a) Heated with sodium hydroxide.

10. A catalyst in a reaction:- '

(2) Increases the yield of the product.

(b) Increases the rate at which the product forms.

(e) Takegﬁo part in the reaction.

(d) Increeses the purity of the product.

11. Here is one way of 32tting out the nitrogen cycle.

Ammowin ($— 3

ATMOSPHERIC
NITRDGEN

N{TRATES

e

ANIMALS PLANVTS
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These question numbers ref~r to the nuibsrs in Lthe diagram.

i

1 How ere tha nitroren compounds in plants transmitted to
animals? R T T T T T Y
2 “hat plant family is aeble to use atmogpheric nitrozen
dir:}ctly? A R R R R I I N A R R YT R R R
3 Wnat industrial process is involved NETe? ceeeesecevesesees
4 Often the nitrogen cycle is not completed at this point.

How does this break happenl..e.ecieeecececocaseenssnnsnes

LA A R R e I I R I I T S I R N T R I S N S S S S NP S S ST S SO

This question is desigmned to test your ability to thinlk about a
practical situation.
If a very soluble gas like ammonia is to be dissolved in water
it could be done as shown in sketeh 1 . However, there is a
danger of the water being sucked back up the tube. Diagram 2
shows an apparatus for dissolving the gas which is supposed to be
an imnrovement on 1 .

7
r-_é %\ '/

mma‘/\.lat i - AMMM;O, ——

Place a tick against four of the statemants below which you think
make 2 a clear improvement over 1 .

(a) A larger water surface is exposed to the gas,

(b) The water canmot reach the inlet side-arm tube.

(c) The zas can push the water up and out of the centre tube
and so escape harmlessly.

(d) The flasi being full of air will slow dosn the adsorption
of the gas by the watzsr.

(e) 4 sudden increase in g&s prassure will force water up the
centre tube until the hottom of the tube comes clear of
the water in the flask. The water in the tub=2 will then
fall back into the flask.

(f) 43 the vater is pushed up the cenire tube the increase in

b4

pressurs will make the gas dissolve more rapidly.
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11.

(v)
(e)
(v)
(a)
(a)

FARKING 32I3F

Ammonium carbonate

(a)

(c)
()
(a)
(»)
(1)

(3)
(4)
(a)
(b)
(e)
(£)

and (d)

- eaten
- 7pea or bean or leguminosae
- Haber

- sgewage not returned to land

Total

1 mark
2 marks
1 mark
1 mark
1 mark
1 mark
2 marks
1 mark
1 mark

1l mxk

4 marks

4 marks

20 marks
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¥ill in the hlanks in this teble.

1.
"onomer ; Folvner
Starch
Polythene
Tetrafluoroethylene
2.

Hlame the process by vhich small molecules link torether to form
larae ONeE tiuieieriiet ot iteseesenonasunnnsas A
When a colourless liquid monomer was left for sone time, several
chanaes took nlace in it. ‘hich one of the following changes
would lead you to believe that larser molecules had been formed.
(Tick the most likely one.)

(a) The substance became darker in colour.
(b) The temperature of the liquid rose.

(¢) The liquid set into a solid.

()]

(4) The smell of the liquid altered.

Here i3 a list of descrintions which can be applied to polymers.
Agzinst each of the nolymars in the table below write two of the
descriptions which apoly to that »nolymer. MN.3. Descriptions can
be used more than once.

Descrintions - naturally occurring; man made; linked by
condensatinong  linked by ad?ition; eontains
nitroreny made from raterials derived from oil.

Folyoropylene

When polymers are burnt they usually pgive off a smell. Tere are
five common swells ~iven off.

(a) iaxy

(v) Furn ne paver
(c) 3urning wool

(1) Sharn acid smell
(e) Pruity

Arainst /
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Arainst each of the volymers listed bslow vrite the letter for

the smell you vould be most likely to ~et vhen burning that
polymar, (ﬂote - letters may be used more than once.)

(1) Iiylon

(i1) Polythene
(iii) Rayon

(iv) Polynropylene

Which one of thz followin~ statements about a vlastic means
thet it is TESROPLASTIC? (Tick the correct answer. )

(a) It was formed by an exothermic reaction.

(b) It can withstend heat without softening.

(c) It softens on heating and hardens on cooling.
(d) It ~ives out much heat when it burns.

For which one of the following uses would a THEIOSEITING
plastic be egsential? (Tick the correct answer.)

(a) 1Insulation of electric wires.
(b) Yaking pan handles.

(c) Making non-inflammable clothing.
(d) Making the bodies of pens.

Silicones have the generzal structure:-

R A? R
- = =53 == 0 = 3{ =~ 0 -~ 8 — 0 - -~ vhere R is an
é & é organic group.

“hen silicones burn in a plentiful supply of oxyzen gaseous

material is given off and a Jhite solid is left. Thich one
of 4the following lists i3 most likaly to be the products of

burning a silicone. (Pick the correct ansrer).

(a) Carbon, silicon dioxide gas and steam.

(b) 3ilicon carbide znd stean.

(¢) silicon hydride =nd carbon dioxide.

Cd
o
[©]
)
=]
.

(8) 3ilicon dioxide, cerbon dioxide =nd
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HARKTNS  BRISE

Clucose, ethene (ethylene) F.7.F.B. (or in full)

Polymerisation
(this is a more oeneral term than
Condensation or Adlition).

()
Any two relevant descrintions
(¢), (a), (»), (a)

(e)
(»)

(a)

Total

3 marks

1 mark

1 mark
8 marks
4 marks

1 mark

1 mark

20 marks
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GRAPH I

iOPKS EfISY TO GrRftSP

I GPoup

C Gtawr
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GRAPH 2

OPICS D IFFICULT TO G PASP
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GRAPH 5

"Top/cs Nisvisn REALLY

J GRroup

C Grour
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Subizctive Tonic issessment by Pusils in Isturity Study

oL - AN St A K] :

~-me of the tonics which you studied in your school course
ar2 listed bslow. Tick your o vinion of ho. you found =ach
tonic.

Zasy |Difficult| Never
to to Really
Grasp Graso Grasped

Gl. Atomic particles and their
arranzanznt in the atom.

G.2.The idea of isotovpes.

Fl, The chemiczl combination of
elements to form compounds.

H2. The differences between covalent
and elsctrovelent (ionic) bonding.

H3. Using the ion detector to measzure
the conductivity of solutions,
nd undarstanding the results.

T4, Vriting chemical foriaulae.

E5. Writing chemical equations.

E5, Calculating the formula weight of
a compound.

H7, Calculations from equations.

Il. The idea of a reactivity series of
metals,

I2. The ionisation of water. The mean-
ring of H,0 —~ (aq) + 0H (aq).

I3. Zlectron transfer in oxidation-
reduction (ledox) reactions.

I4. Corrosion of metals. The idea of
sacrificial protection.

Jl. Aclidic and basic oxides.

J2. That is meant by the pH of a
solution.

J3. The various methods of preparing
soluble salts.

J4. /




J4.

J5.

Jé.

ml

Ll.
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Precipitation reasctions for pre-
:paring ins luble salts.

Using an indicator to tell vhen
an acid has neutralised an
alkali.

Calculations to find the molarity
of a solution.

Ion-electron half-equations.
The meaning of equations like

sog' + M0 - soi' + 28" + 26 and
Se + O, + Mmoo+ 28,0

The "cracking" of liquid hydro-
car bons.

The distillation of crude o0il to
zive a number of fractions.
f addition polymers,

7 0
.7. perspex, polystyrene, P.V.C.

N1 .The breakine down (hydrolysis) of

W4,

N5,

P

01.

carbohydrates using saliva or
hydrochloric acid.

The formation of esters.
The conversion of fats to soaps.
How soans &nd detergents clean.

Why a scum sometimes forms when
soap is ussd for washing.

The importance of nitrogen con-
staining comnounds.

Making condensation nolymers,
e.s. nylon, phenol-formaldehyde.

Bazy | Difficult| WHevar
to to ieally
Grasn Grasp Grasped

[
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Thes2 results are published in bands of 5 marks as follows -

Band

1 2

3 4

5 6

7 .

9

10

Range 907! 89-85 84-80 79-75 74-70 69-65 64-60 59-55 54-50 49-45

11

12 13

44-40 39-35 34”

The smaller the value for the mean the better the
performance of ths group. :

Ohservation

not sionificantly better than

School 1 School 2 School 3 School 4 ALL OVsER
 Band | I c I c I I c I ¢
1 3 2 - - 1 - - - 4 2
2 2 1 - - - 2 - - ) 3
3 4 3 1 - 2 1 2 - 9
4 4 7 1 - 5 1 - 3 10 11
5 T 13 4 2 6 4 1 2 18 21
6 7 11 5 5 5 10 2 4 19 30
7 4 7 4 5 4 5. 4 2 15 20
8 4 1 2 2 | 10 - 3 4 119 7
9 5 1 3 8 7 9 5 - 25 18
10 1 - 4 2 5 % 1 1 |1 5
11 1 - 5 4 5 9 - 1 11 14
12 . - 4 2 8 - 1 3 13
13 - 1 - 1 - 5 1 - 1 7
Lean | 5.7 5.3 | 8.0 8.4 7.4 8.7 5 6.9 7.1 7.5
3.0, | 2.6 2.0 | 2.3 2.9| 2.6 3.0 2. 2.3 | 2.6 2.
lote ~

The ovarall score for the 'I' group is merzinally, but

thzt for the 'C' oroup.
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AT APPRATSAT, OF STIXTH YEAQ 3TU0ILT TTWISTRY

After the launchin~ of the Alternative syllahus in the early 1970's
an effort was made by the Secottish Zducation Department to introduce

_the equivelent of an 'A'l level in all subjects. Specimen syllabuses

-

) . . . 1
were drawn uz and, in cheristry, a hichly academic document emerred. ?

This, alon~ with those in other subiects, was hezvily criticised by

nrofessional bodies and in the press and eventually the wnronosals were

withdravr. The ecriticism took three main lines.

(a) The princinle of specialisation w#z2s strongly resisted. It was
armued that the Hisher crale would disannear and that punils
would be forcel to study only three subizcts post-'0' grade
whereas !'"'! grade allo&ed punils to study 5-6 subjects up to
university entrance.

(v) The vroposéd courses were much too narrowly academiec and useful
only to the few,

(¢) Advanced (vost 'I' orade) courses should be devotrd to broaderning
the student's experience rather than tobthe acquisition of wvet
more factual material. The studeﬁt should he trainzd to be a
~stude~t rather thaa a schoolboy‘hy encourarcment of indenendent
study, sclf-reliance, -willinﬁﬁess to welgh uh.evidence ar? %o
aroue avout it. HYowever, it sould not be used for university
entrance nurnoses.

From this third ohjection was borm the idea of Sixth Year Studies
(SYE). In 1255 a nenorandum was sent fron the 3.0.%3, Special
Comittes on Fost-Tirher Ixamination to the comvenors of all subject
nanels of the xeminations 2oard 16 which contaired the followine

a‘viece,

The /




The snecial Jomnittee is anxisus to snsure that the
exan’ ~ation orovided by the Roard should accord with
the real »surnoses «hich a "oroner sixth vear” 1s
intended to serve, It believes that the most
immorteat of these nuronges is bLhe 1=velo ment in
the »unils of a ~reater darree 0 maturity of out-
slon than thev have ~everally acqulved hr othe end
0f the "ifth vear. This ournose can hest be
achieved throuwh = course of study which aims partly
‘at »roadenin~ the punil's rereral outlook and partly
at dezoening his mawl ed~s and understandine of a
limited ranee of subients,

The approach to nuch a course should "leed the pupnil
into hahits of nositive =nd revwardin~ private study,
should promote individual thinkin~ end jud~ement and
should develon self-relisnce znd resnonsibility in
nltace of his wuresent almost abzolute 2euendence on
his teachers". (ﬁpnort of %he Advisory Council:
"The Post-Tourth Yesr .Ixaminaticn Jtructure in
Scotland" parasrash 23 ad fin,)

To avoid the 'evil™ of specialisation it wes laid down that no
stulent should present himself Por mor= than thrre subjécts and that
these three 3.7.S. subjects should to:eﬁher occupy no more than one
half to threelifths of the wesk. This then left about half the week
Tor the pursuit of other interests.

lack subisct course was desigmed with a relatively lirht core of
new subiect matter surrounded by areas whers students and teachers
could find room to nursue interests either in ontions or by means of
projécts. The tire available for 3.Y.5. study was about seven months

with the examination coming immediately after Lactzr. These prowosals

were zceen

ci‘

ed by the Secretary of State for Seotland in 1966 (. 43.1).
The Jhemistry course vas issued in draft form 1in 1967 when a
rroun of pilot schools attemnted it, and then in its firzal form in
1968. *
A list of objectives for the cours2 appears in the Appendix'
n. A3.2. The desirm of the course was made arginst a backpround of

broader /




- 3.3 -
broafer onjechives than those,4'but'hhis more da2finitive list of

objectives is now heins used to test the course with a view to future

[+

modifications.  This work beean in 1970 throush & joint worting party
of the ixa—minstion Roard and the Jonsultative Committec on the Curric-
sulum.,

The desiem of the eourse to mpgt the orisrinal broad aims s2t out

. 16
in the memorandun w2.s as follows.

(a) A brief core syllabus of advanced work occupying about 100 hours.
The tonies wers chosen within these ruidelines.

(i) They were to clarify‘or ~ive more evidence for ideas taken
on trust in the 'I' ~rade syllabusz, e.s. Spectroscovy weas
chosen to give evidence for bondine and molecular shape,
Thermodynamics was used to help to answer questions about
direction of change.

(ii) They were to try to avoid as far as possible bring a copy
of first year university courses. ('A' level candidates,
having anticivated first year university were oftan hored
at Seottish universities and lost the habit of working.)

(iii)ey were to nrovide room for dissussion of ideas which
sere amenahle to small rroup treaitment, e.~. free enercy,
entrdény, social aspects of ormanic chenistry.

Tha tonics actually chosen are set out in some detvail in the

3.Y.3. booklet 4 and also appear in the Questionmaire in the

Appendix, v»,43,10.

(b) To accommany the "lecture course'™ was a set practical course

dezimed /
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desiened to onerate in a number of wavs.

(i) To raise the vrohlem situations which led to the 1ectures/
(i1) To illustrate treory.
(iii)To increase practicsl skills, both qualitative and quantita-

tbive.

(c) Arout 80 hours was to be set aside for free rangine proiects to

fit in with the interests of punils and teachers.

A3S355ST7 T

This was designed to meet some of the aims of Z.Y.S. It con-

:3isted of five parts.

(a) An ohjective test to sive quick coverare of hoth the '7' grade

and 5.Y.5. syllabuses (implyinz that one course was part of the
other). _ ‘ (50 marks) -

(b)) A structured question namer devoted mainly to the 3.Y.7. course

material, This vas lar~ely a test of sustained ressoning and
ar~ument., . (100 marks)

(c) " A dissertation of at least 2000 words based on the project work,

This aimed to test skills of written prezentation of vrivate worlk.

(20 marks)

(d) An oral intarview based on the project in which the siudent

could "dafend” his work orally, face to face vith a stranser.

The student was required to justify assvmations and courses of

action: %o display the gpecialicst mawledm= he had ~2aineld and

A

. ) SR
to internret conclusions. (20 mari-s)
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(2} A _chen” on sourse-.iors records Cor comnleteness, nresentation and

IR e £ reypls .
qualit:r of work. (10 marics)

P

(c), (d) and (e) were examine

U by wvizitine teachers vorkine on

a fairly specific markin~ crid (aprendix 43.13).

VTTY
P IS O]
In June 1970 and again in June 1971 =z survev was co-ducted on 2ll

’e¥.3. candidates in Scotland to see how far the course was achieving

it im (Appendix De AB.B). In 1971 a 3urvey was male of 211 7.Y.S.

w

m

1te
0

tezchers to obtain their views (Chanter 4). The author, as Frinecinzl
sxaminer, had access to examination meterial which orovided yet more

gvidence,

The material for this chapter has already bheen published in three

. : . 17 18 1%
renorts to Scottish Bducation DJewartment. 7 7

2339573
The results of the 1970 and 1971 pupils' surveys were treated
co s ratively to look for any chsnves which had ocourrad as the

teachors' expariencs of the courss had increassd.

[
.

T, O AT O
15507797

1970 - 756 nunils (Boy:Girl - 4:1) 29,3%) from 125 schools

1271 - 850 nunils (Doy:firl - 3:1) (20.0") from 150 schools

, s s te w5 antisfhetorv s oON3E
5v statistical purposaes, this wiz a 3a01515CR0XY C2570N36,
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~rade nasses hafore herinminge 3.7, Ther,
entrance gualifications but had chosan to remain 2t sechonl far an
extra yesr (p.3.23). .

Some vwork was done to relate the quality an?® number of these !'™!
rrade passes to aress of difficuliy (D-5~13) and to the tertiary
centres for which they had been accepted (».3.21).

3. TACTORS AFFICTING CTIGTICE 70 371UDY 3.Y.8. CUWISTRY

Questioﬁnaire - Questiom 3.

"hy 111 you decide to study 3.Y.3. Chemistry?"

fupils were miven a list of factors and =sked to choose one or
more o7 these. The results are shown on a frequency rravh (Craph
3.1). Thae main factor vhich sas chosen wes "Baceuse the subject
(i.e. "' orade chemistry) is interesting”, 411 the other factors
obtained a sinilar resnonae for the two years with one sigmificant

~

excention, The 1570 students imarined that the 3.Y.05

.
Q
9
=
(6]
o -
-
Q
I
ot
[N

"imnrove their chaces of uvniversity entrance™ but by 1971 it had

$ 3.Y.5. had 1ittle or nothing

becoae accepted hy most stulderts the

%

to Aowith university entrance. “ovever, in another sart of the

i

surve;, p.5.6(a),?4 of the stude- 43 had been offered university
entrance on condition thet they obtzined a suitable stendard in 3eY. 5,
This may be the earnest of 2 chanve in university policy contrary to

tme ideas of 5.Y.3.

4. IS0 oF TH3 S0UR3 S

N . . . $Y ! - s
The Jusstiommaire spnroached the nunils’ views on the course in
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1970



i
po 2}
~3

(a) Cenerzl Imnresaion
Question 4 "vhat has been your rsaction %o 3.Y.J. Themistry

A 1ist cof possibilities was offered and nunils wer> invited Ho

shoose ome or mora of these, The results are showvn as a fraquency
rraph (Graoh 3.2). 1270 - dotted line, 1971 - full line. As mirht

he expected in a purposely vacue question the vague answer “rezsonahle"

nredominated.

(b) Reaction to Jourse Tonics

This “art of the Quentionnaire was desiymed to detect any continu-
tance of the areas of difficulty noted in the '0!' and '3' Grade courses
end to look for mew areas. It was also seekinsm for relatiorships

hetween "difficulty" and "boredom".

TABLE 3.1
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d
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3.1

eaction to Tourse Tovig (Pable shows resnonse/lOO rerlies)

In 2ach case thers was a small nuvber (less than 10¢) of no resuonse.

Heither

Borine

] Hor 3tim-
Fasy loderate Difficult || Borire Stimulating :ulating

Thernodynamics 27 55 15 19 59 15
Volumetriec

(iwel. redox) 26 53 16 31 50 10
Smeétroscony 28 52 14 9 C 37 46

Atomiec Structure

(orbitals) 22 47 28 19 39 35
Foleeular Shane ?3 48 25 20 '53 19
Orranie 15 54 2% 17 42 35
test of Groun IV -

(31, Ce, Sn, Fb) 15 62 15 24 53 12
Solution Cremistry | 25 50 21 23 50" 21
Transition Elements| 15 55 20 15 45 31

DISTUS5I0N

(53

The toniecs which were fairly well accepted were Thermodyneamics,

Volumetric work and Solution Cremistry.  Teble 3.2, p.3.14 showed that

the Fole was heine ratel as easy.
. . LI L = A
TMhis chance could have arisen in fwo Jays - (1) 3.Y.S. students
were senerally the cream of the 'MW ~rade students. (il) Durine the

. . o td LAY 3TLTONS
courss the mole was reintroduced in terms of 2 quentity of =lectrons

Cipnable /




capable of brincins about a meczured amnunt o c¢hemicsl chanre. The
students were mow at the level of mabturity whieh eénzbled thém to
absorh the mole concent realily wherzas their "' erale collez-ues
were operating on a version of the nmole concent introduced at ape

15 when they were scarcely ready for it.

In the "3ifficult™ columm three tonics were outstandinr: Atonic
Structure in terms of orditals, Ilolecular Shape (Cilles nle—”vholm)
and the Orranic.

The Crpanic course consisted of a simnle mechanistic treatment of
alkyl halides ord Crimmard rceacents But, despite the new'treatment,
the possible insecurity of tha previcus orgznic work at '0! ana i
srades seemed to persist. The vocabulary of the previous years was
basic to the course and this may have heen the link which carried over
the feeling of difficulty. Another possible factor was that teachers,
keen on organic, may have allowed their enthusiasm to make them overdo
the treatment.

As far as the other two difficult towics are concerned, neither
in itself is conueptualTy difficult, but taken together there are
conflicts.

The pupils had been brought up with the idea of the spherical
atom and were now 1nt”; uced to an atomic picture which seemed far
from spharical. Orbitals stickine out in various directions pre-

tud@nta at one and the same time with ideas of pro-

M’
w
2
o
ct
T
U
ot
P
%]
5]

thability and of "concrate' ~patisl arrangement. It was very
unlitely that anv kind of "advance orsaniser” was offered to heln

Micrht i{ have

. - 2 1 K
feoremce if he had been reminded that any ohjecti, no matter

3
o
cu
@
m
o
I_J
1

Yow obtuse, vhen rotated freely carves out for

© 3nace?

Thile /
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Al s 1 ~ s wre a ~L2 3 34
rile the studemts were siill rraspline with these orohlems they

v

vere confronted with vet anotier. 70 the mature chemist it may be

lorical to »arogress from the szhomic ordital situaticn (vhich is in a

serze unreal) via som

\D

sort of hyhridisation, to the molecular situa-
ttion. hether 1t is as losical or accentable to a nupil is doubtful.
They had tn make a leap from the s, n, d orbital situation to what is,
in effect, the hybridised situation of the Cillnsﬁie-ﬂyhalm 20 treat-
inent, Althoush the word hybridisstion may not have heen used, the
nuapil still had to rPwavlle the octahelral p orhitais of carbon and
the tetrahedron of 'reality!'.

It would seem that the juxtapositibn of these two topics in the
syllabus was unfortumate and it would have been better to hold over
the idez of orbitals until just 09+or9 the Transition Fetal tonic
wvhere the 'hyhridisalion' concept would have been unnecessary and
vhere the orientation of d-orbitals would have been seen to have
some point in s useful context. £ sourse, the syllabus is not a
teachin~ order hut feachers frequently treat it as such.

Two other toniecs appearad, perhans unexnectadly, in the easy
column: thermodynamics and spectroscopy.  Both of these have
traditionally heen aﬁsont from Jixth Porm courses on the grounds
2t they were too Aifficult. IMercifully, clewentary thersodynamics

has been released from its treditional straitjacket end hus cast off

the mystic of the Carnot cycle thanks to chemists sueh as J. 4.

! 23 _ 5 :
Jamnbell 22 and C, Porter 7. it has &t last teen seen to be mean-
tineful to the chemist and to have philosorhical interest of the kiad

enioysd by Sixth Pormers in other diseiplines.  hnother possitle

i . , ) e 4 A ]
fector affectin~ the student sccepbarce of thermodynanies is disoussed
on nare 4.13,

The /




The treatment of snectroscosy 2t =n emniricsl level as exem-

:plified in "A Vorksheet Imitroduction to Themiczl Jnectroscooy™ 24
has be2n vell received by students tho found it not only easy, but
very stimulatins,  The zporcach was aimed st sivin~ the student ovi-
t:dence for many of trhe thines he had taken on srust earlier in his
courae, such a5 bondines an” structure. Anazt from this one case
vhere ease an? stimalation come fogether there is an interest'ng link
betwesn 'difficult! and 'stimulatins! (Gravh 3.3). Althouph the
»elatisnship is by no means perfectly linear there is a link between
‘difficulty and stimulation, a characteristic of a rood course which

stretches and stimulates at the same time.

GRAPH 3.3
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(i) Tumber of '! ~rajs nzsses hell

To obtain three srouns of rourhly equal size for comparison

the students were divided into those with:

1-4 It mrzde passes
|
5 "1t erade nasses

more than 5 'M' pcrazde passes
The reaction of each sroun to the areas of topic diffizulty

was noted, but the only area where there ves eny simmificant

diffsrence (at 109" level) was the Themmodynenics.  Those
with fewer '"I' ~rade nasses reported more difficulty with

this topic.

.

(ii) Qualitv of rnass in "' ~rale Naths (i.e. 4, B or C)

The only area wherz2 the quality of the XMaths nass made

4 .
sirmificant differences (at the 107 level) was in the
Volumetric. This was much as expected.

(iii)Quality of wnass in '7! ~rade Thysics

Wo significsnt relationshivn was noted herae.
L 3

¢

(iv) 2uality of mass in '7' -rade Chemist

Only one tonic showed any sirnificant chanwe vith '1I' crade

vass quality: Tolecular Sheve (at better thzn 107 level).

It could only be sonsluded that neither the number nor quality of

nrevious '7' ~rade nas-es had any imoortant bearine usisn the renorted

~zactions to the course topics.

N

0

e




(Table shovs rasnoneses /100 replies - 1970 results sre in hrackets)

2
Sasy to Difficult | Yever Hever
frasn to lrasp Trasped Taurht
Free Bner?f chanre (A7) | 53 (41) | 31 (35) ' 4 (4) 0
introny chanwe (A3) 71 (59) | 25 (28) 3 (3) 0
The Fole 80 (82) | 15 (15) 1 (2) 2
Absorption Spectra 66. (68) | 28 (28) 4 (1) 1
Orbitals related %o . :

Periodic Tahle 51 (53) | 39 (42) s (5) 1
Byl and S;2 Reactions 32 (38) | 48 (47) |15 (15) 3
Grimard Reactions 39 (42) 4} (44) 15 (14) 3
plI and Buffers 58 (60) | 33 (34) 5 (6) 2
Oririn of TJolour 50 (59) |32 (32) | s (o) | 11
Orbitals (derenerate :

and split) 37 |4 (48) | 9 (15) 6
Paramarmetism 52 (60) 27 (31) 8 (9) 11

Ohservations

Onnsiderin~ that these results are a subjective assessment of
the concepts by the nunils, the agreement beticen 1970 and 1971
results is extremely <ood.

‘

It also rives nmore weisht to the supposition that these results
reflect zenuine pupil reaction to these concedts.

In this section the word 'concept!' has bheen used loosely to mean
sub-areas within the co 'rse tonies which required new ways of thinking

razther /




in a Taniliar patterm.
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The concenhs of Frea Znercy and intropy were vell veceivad and
this was zubstantiated by zood saorcslin 3.Y.2. exaninations in both
shisetive =17 lon~ questions (Apnandix p..A5.1§—16). This effect
wz3 nobt just a2 zunerficial knowledrse, but students were able to cone
with marts of questions requiring hirher abiliﬁiﬁs in thinkine.,

The cocent of the Mole seamel to be sell entablished, »ut 5.Y.3.
guesiions coins beyond an understandin~ of the ¥ole into the opera-
nronortionality were 3till heines hedly done. In 1970 only
one randidste out of the 250 candideates who attempted a fairly

strairhtforwvard calculation fot it correct (D- AB.l?). The other

(3

CO eczndidates 4id not even attemnt it. Jimilar, if not quite such

esvlts have avveared in other 3.Y.3. papers.

disastrous 3
‘Th2 mos s troublesome concepta were Orcanic followed closely by

)

he idezs of Derenerate and Split -Orbitals as part of a simple
rvstal Field treatment. Investications carvied out by the author
and J. XNelBuire indicated that many teaschers did not clearly undsr-

:3tand this naterial themselves and were trying to teach it without

,..4
l_.l
LJ
—3

This prompted the desisrn of the 'd!' orbital model described

3

. 21 . .
in J. %hem, 3duc. 77 by which the ~oncents of dersmeracy and splittine

could re readily tau~ht.

t

; . 2
Yeluira, in a survey of practical work done in schools 5, noted

that in the areas where the nrescribed oractical work was being
siimred or omitted, the students fared badly in the same arceas in the
wvitten exe~irations, and the same students reported the topic to be

lifficult in Shis survey.

)T PMIToST vTT D
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Chenmistry, there was little evidence in this survey to suszeest that

</
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a) Houmber of 'I' mvale nasses held.

The rrouns were decided (as desecribed on 9. 3.13) namely
those vith:

1 -4 'Y erade passes

5 Y erade oassesk

more than 5 ''I' rrade pacses

The reactinn of each group to the arsas of concept diffi-
tculty was noted, “utbt there were no simificant difference

b) Quality of nass in 'F' ~rade Xaths {i.e. 4, Bor'a) . '

The quality of maths wass made no si-nificant difference

to the reaction of candidates to concent difficultie

0]
.

c) Quality of wmags in '“' rrade Physics (i.e. A, B oc 2)

The only notable difference here was that the better the

Q

physics pass, the more eady was the Tele concepnt renorted

[al

5 in "I' rrede Checistry (i.e. &, B oor C)

w2

d) Quality of »ma

There wze a sirmificant (bhetter than 107 level) direct

(s
eSS,

connection batween A, B and C passes in 'M' rmde Chemistry

and, the ease with which the following concepts were

rrasped -

,

The l¥ole, Orbitals related to the Periodic Table, SNl and

SN2 reactions and the reactions of CGrignard Reagents.

onsidering the traditional comn ction bhetween Physics anq
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a rmoc  xnowlel~e of ithysics rave the students any sdvantase.

5. PROJEST {ORK

The project was bullt in as a compulsory part of the course with
the express nurpose of helping pupils to develop in maturity and self-
reliance a3z well as rivins them an opportunity for a study in denth

of

a topic of their owm interest.
In the teachers' survey (Chapter 4, p. 4.17) it was noted that
the choice of wroject was substantial 1y but not entirely that of the

pupils

TABLE 3.3

I"ethod of Choice < of 3chools
Sntirely hy pupils ' 11
Meinly by pupils 58‘
Veinly by teacher 30

The projects ware not meant to be minor oriminal resesrch tonics
- 2 N ’
hut they were to bhe orisinal to the pupil. Jome of them have been

really oricinal but these have been the exception. Lists of topics

’ _ 26 . .
have beén nroduced and many of them have heen published, in

27 \

ssues of "Datis® . A card index of all

>

w

n various i

=

atstract,

nrojects i to be established at the Wational Surwciculum Development

Santre in dundee so thet Geachers can have accers to ideas and details
of equipment and reagents required. Since 53.Y.5. Chemistry beran,

about 3CGC nrojects have been abtemopted.

To / : )
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e obtzin sore information about the nusils! attitudes %o nr0jeets,
they vere ~lven a numiar of stotenerts wals hy siudents in previous
years and then asked o0 asree or dieagres vith then. The 1971 r=zsults
are ~iven in Table 3.4 4ith the 1970 vesults in brackets.

TA3LE 3.4

Statements ’ Aoree Disarree
fasteofl time 7 (5) 93 (95)%
Taluable experievce ‘ 92 (85 8 (14)
4in easy opltion to classwork 31 (35) 69 (55)
ade me mowre indevendent ' 82 {85) 18 (15)
I"ade me use hooks a lot 54 (45) 45 (55)
Cave me inzic~ht into real chendistry 51 (44) 49 {5%)
An inefficient way of learning . 24 (35 75 (54)
Enabled me to see other chemists at work 24 (24) 76 (75)
Involved ne in oo advanced ideas 15 (12) 85 {a8)
Cot -4 real kich: out of it 44 (39) 56 (51)
Vaiz me frustrated 36 (34) 62 (55)
Left oo much on my own without heln 11 (9) 89 (91)
Poo few marks davoted to it 64 - 35 -
Too little time devoted to it 57 (51) 0 43 (42)

There wos ~ood arreene:t hetween the two sets of subjective‘
reszults ~hich sugrested £hat they were penuine,

The stulents were ~enerally well disvosed to projects & snite
tie fact that most of thenm had encovntered the frustrations common
to 211 real scientific investirution. They were cariairly avare of

2

an increase in inlependence althourh they 'rew thet helo was avzilabl

~

/ :

.
o=t




if o udeed Whan nroiects yar ot A s A o
if ulreel, hen projects were £irst mooted it was feared that

vuniles misht be overihelmed sith advence? ideszs hut this fear geened

i
4:)
>
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There hzs been excellent co-ovperation from tertiary centres and
from industry in projects. Pupils have been emcourace? to visit
Tirms and colleres to get iwformation, to use spectrometers and to
consult libraries. Prequently due to meovranhical difficulties
these contacts have had to be re .71ct»»’1 to correspondence or to
telavhone conversations, hence the low zgroement witl the statenent
"enahled me to gees other chemists at work", but even this was a
valuabhle 1earning experience,

From the author'z observations of 100 5.Y.3. candidates in the
Zi~h School of Stirling and elsewhere the project vork has literally
helned to convert schoolboys into students. Jesitant youns peovle
startine a oroject have ended un as coafident youncs men able o arsue
a rood case with adult chemists. This crosth in maturity was diffi-
teult to quantify, but it waes none th= less real.

In about 55 of the cszses observed the nrojsct had an adverse
2f7ect.  DSome studenbs were comoletely unmova? by the projeet and

serm2d to0 be bereft of any initiative or imasination. The more their

neighhours wro-~ressed the ~ore withdra.m
these were students who further down the schosl had been dull, colour-

:l23s chzracters who had succesded in nassing 'H' rrede CJP”_utrv a

D CAROR FLANSD

The onportunity wes taken o eaquire into the czreer nlans of

-




Mis was dore “n four sbares since it was recormised that many

stule~ts abt are 18 have only va-ue ideas of their future intemtions..

The cleurly factual information, such as whiech universit: had accerted

o/

them, was senarated from thelr "hones and asnirations".

(a) Questionnaire, Question 8.

"/hat career do you have in mind?"

Medicine, Dentistry, Vet. | 18.95
Bducation 5. 3%
Research . _ 3., 35
Industry ‘ 2.0%
Pure 3ciences 17.45%
Snrineering 12,77
Pharmacy 2.8%
Biochémistry 3. 95

Don't knows 32,6

As expected, there was a large vronortion of "don't knows". About

50" of the students had chosen careers which would involve them ir a

‘

Turther study of chemistry for at least one y=ar. In the 13970 survey
there were students intendin~ to rerad arts, nusic, law and divinity
{about A7), It was encourasins to find that students were nrepared

to take the 3.7.3. chemistry course althouwh it wus not requirad for

caresr /




caresr Turnisas, Jhis was 2 continuation of a trond obszrved in

Chanter 1

<t

(n)  ™or what form of Turther educ:iion Mav: you anplizd?

TADL 3 3.5
University 95.1%
Collere of Jducation 0. 5¢

Jollere of Technolosy 0.87
adqad et 27 Taas d 13 P
Industrizl Training 0.1%

Others 0. 3% .

(c) "o which university have you applied?"
The onportunity wes taken to rslzte the qualifications of
students to the university of their choice. The results

appear in Table 3.7.
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In the ~ow of totals the mumbers in hrac:efs vere bthe vercentare
of all 3.7.3. students who hnd aposliedl to sach unlvorsity Tre left

columm unisy 2ash university was the absolute number wao hal snolied

while the ri~h§ colurm was the vercentare of thst university's "intulke!

hgvine that mamher of 't ~rade waszes.

Thz distrihution of student quelifications was about the same in

1.5

all four ancient universities (CGlas~ow, Idinburrh, 3%. Andrews and

1 - 3 = 7 5 -~
Averdeen) with 76 of the students hevin~ at least 5 'I' prade paszes.

The 'younrer' univ-rsities mad a 3li-hilr poorer intake.

Few students planred to 'emicrate' to other universities outside

LU

Scotland.

() " hat form of szoceptance have you nad from your further

education centre?”

. s
Firm 78.5%
- £ et

Provisional 18.0% (2% 2.Y.38.)
v

‘None a3 yvet ] 1.0

.
Not annlied 2.5

This served to confirm the idea that most ol the students
were studyinrs 3.Y.3. chemistry for its own sale and not fox any
advantage it micht sive for university entrance,

ARy /




AT A TARr
)-rI» 0 1

From the Hunil's ooint of view the 3.Y.5. c¢hemistry course seens
to he fairly satisfactory. Tt i3 nrovidin~ thenm with challengins
and stimulatin~ material within a framevork where there is freecdon to
exnlore, to aquestion and to accent rrapomsihility.

The course toplcs aﬁﬂ concents are not the only ones, noxr are
they meceszarily the hest ores to achieve the aims of the course.
Murther wofk will e needed in this awea to decide if any of the torics
need to bhe renlaced.

The project work is an invaluable nart of the course in providing
a means of achievin~ the zims sef out for all 5.Y.5. work. .

There are nroblems in the course, particularly those of assessment.

These will he dealt with in the next chapter.
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SCOTTIST JoPIRNINATY OF WIUISAPICT AV TITAYT0d 2QARD

g7 SOCTIST  WHAYTHATION

Certificate of jixth Year Studies

The Geﬂrétary of State for Scotland, Yr. William Ross, V.P. has
gccepted the advice of tre Jcottish Jertificate of “ducation ixanina-
:tion Board that an examination desimed for sixth year nunils of
3cottish secondary schools should be introduced. Th2 examninabtion i3
intend=2d for nunils of a fairly wide ranrme of ability anl will cater
for more practical and aesthetic a3 well as for more ssadevic interests,
Punils who have nursued a sixth yezr of stlﬂﬂe andl faken the examina-
stion, which will herin in a limited rance of asuhiects in 1368, will
he avarded a "Jertificate of sixtn Year )uuﬁle ’, imdicating the stan-
:dard reached in each subject.

The aim of this mew examination is to ~ive dirsction and ourpose
to sixth yesr work hy encouracing munils who have cosnleted their main
sunjects at the Mirher srade to encace in  indenendant siudy in depth
of a »narticular subject. The examination will not be marked on a
Pas s/ﬂa11 basis, hut instead "Ranks" of attainment will be awarded,
zach coverinm a rence of marls, The P"“mﬂtﬂtiOﬂ is that candidates
will not be nresented for the exsaination in wmoee than two or three
subjaects, a1d there should be no reason why a nuvil should not enter
in only one subjiect. As 1t3 title suceests the examinatisn will be
oven only to »nunils who ara npursuine & course of sixth year stuiies
in a sacondary school.

For the first vear the exaninatinr» will be held i- six subjects -
Art, Tommerce, Tnoli sh, French, Geocwanhy, Fhysies. Sylladuses and
snacinen naners in thess subiects 1111 he iscgued shortly. In
succeeding years the ranece of subizcts will be widened, according to

the emer~in~ needs-of the schools

ary of Sfate has askel the Board to meke 1t clear that
the new Jerstificate is intended, Woth by its crarascter and by the con-
:ditions of its award, to sunolement, ~ot to renlace, the existing
Jertificates. In particular the additional exanmination invilved is
in no way an altermziive tn the Tirher rrade exanmination: nor has

the new Ceritificate heen ivtroduced vith the intention that it should

come to he resarded either by the Universities or by the »rofessions

The Secret
i

D
-

as 2z forrmal requirement for entrance,

Anrust, 1996.
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ils should acquire -

Knowledre of various symbols used by chemists. (O)

Somnrehension of the use of symbols by chemists in formula
end egquations. (0)

Ability to anply knowledre and comnrehension of chemical
synhols in the writine of foraulae and equations. (O)

Enowled~e of quantitative relationshins in chemistry. (C)

HMacility in using a variety of standard methods in chemical
arithmetic. (C)

vy to ecarry out relevant calculations concerming a

v of concepts. (O)

D
o ot

T1owledgoe of systematic nomenclature applied to sone chenical
species. (C)

Jomprehenszion of the princinles underlying systematic nomen-
:clature 25 applied to chemical species. (O)

Ability to a»ply systematic chenical nomenclature to the

naming of various soecies hoth known and unknown. (I

Knowledre of fundamentsl concents contained in the Gyllahus.(O)

Jomprehension of the fundamental concepts contained in the
svllabus. (C)

Ability to a»nply fundamental comncents cortainad in the
syllabus. (C)

mowled~e o the chemistry of certain elemerts and their

simple compounﬂs. (O)

Tomnrehencion of the yrincinles underlyins the chenmistry
of certain elemeats and their compourds. (0)

“Ahility to apply knowledse and comprehenzion of the chemistry
of the elements and their compounds in a rance of oltuatl?n§‘

H
Knowledge of a variety of methods of effecting chemical
change, (O)

Ability to apply methods of effecting chemical changes in
new situations. (0)
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(a)
(v)

(a)
(v)

(v)

(a)
(»)
(c)
(a)
(n)

(a)

(»)
(e)

..
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o

uﬁOIle ge of the cheiiztry of some imdusirial nrocesses. (O)

bl . s 1
somnrehension of the chemistry of some indusirial pro-
tcesses., (G)

ability to avply the ¥norled~e and undersi:inding of the
chemistry of verious industrial psrocesses in new situations.
(1)

Enowledze of the 2ffects of chemicals on everyday life. (O)

Sormprehensic of the eoffects of chemicals on everyday
life. (C)

Ability to apply the Mnorledee and comorehension of the
effects of chemicals on everyday life to new situations.(0)

Knowledere of the chaunist's ability to produce new comnounds.

Jomnrehension of the relationshivy between structure and
vroperties of various chenical sub tarces, (O)

Knowledre that anpronriate information can he obtained from
a ranre of zources. (0)

Ahility to find various tynes of inTormation from a range
of sources. (0)

Knowled~z of chemicel classifications. (O)

Comprehension of chemical classification. (0)

Ability to classify chenical information iﬁ various ways. (0Q)
Imowled~e of methols of classifyin~ chemical information. (I

Compnrehension of methods of classifyin~ chemical informa-
stion., (H)

Knowledge of limitations of precision involved in physical
neasurenent, (0)

Jomnrahension of reasons for limitation of nrecision. (O)

Ability to apnrlv a knowledro of the limitations on accuracy
cr@ated in ohysical measursment vhere a range of nrecision
levels anyly. (1)

Knowled~e of laborasory equinment an? techniques sufficient
to enab the experi ental vrocedures to he carried out

ble
adequately. (0)

Jomrrehension of laborabtory techniques sufficient to erable
exverinental orocelures to he carried out adequ tely. (0)
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19-
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Abilits to select relsvint tacniques to enchle exnerimental
rrocziures to he carried out. (0)

7 i3 N .
nowledea of apnronriate safaty reculstions to be observed
in the laboratory. (0)

somrrehension of the reasons underlyvine safety re~ulations
in the laborztory. (0)

Ihility to comnrshend vritten and orel instructions. (O)

Ahility to record and nresent informstinn in various ways
includins sravhical and diarrammatic rerresentation as well
as written statements. (O)

Ability to follow arvsuments about chemicsal ideas. (O)
Ability to criticise arruments about chemical ideas. (H)

Anility to covsider exnerimental evidence in terms of two
and three dimensional physical models. (o) =

Ahility to use ex

nerimental evidence %o formuldt hynotheses
and concentual medel s.

(o)

Awility to desiom exneriments to check oredictions and
hypotheses deduced from available information. (0)

Ability to deal with multi-varishle situations. (0)

Ahility to adont a scientific approach in obther fields of
exnerience. (0)

Funils should acquire in attitudes.

Awareness that chemistry can Torm the basis for many satisfy-
tinx careers. (0)

Ararenass of the contrihution of chemistry to the full devel-
tonmgnt of the ‘ndividual. (0)

Auwaraness of the contribution of chemistry to the economnic
and social welfare of the community. (0)

Avareness that a number of variables can nfluence an experi-
tmental situation. (0)

Avareness
t

£ the limibtetions inherent in analogies as
adels )

ol
(#)
Interest and enjovment in chemistry. (O)

Accentarce o tha chemist's ability to produce nca commounds.

(0)
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Accantince of the imnortance of observation in an exrveri-
52 cetura, (0)

ceantamce of the value of an

Al
Al xnerimentsl apnroach to
nrohlzms. (0)

p_.
(o
-
@
Q
<
w
[
=)
3
e
e
3

Ascontance 07 the desirahility of vorkins an
srouns in aporosriate situations. (O)

Ac cpﬂtﬁ ce of
nrocelures. (C)

«3por3ibility for carryine out suitable safety
Com-itment to ontimum precision of measuremant. (O)

JSommitment to ontimum nreseision of statzment. (O)

Commitma~t to cleanliness and neatn23s in experimentation. (O)

ommitmant to the systematic recording of 2yverimentel resultis

nd other data., (0)

o 0

Commitment to objecetivity in observation and assessment

wherever possible. (O)

Commitment to arrivine at econclusions from the information,
knowlelece and understandin~ available. (U)

COﬂmi+ment to apnly a secientific aporoach in other fields of
experi ience. (O)

Pupils should acquire in practical

1 in in~ varicus »nleces
elv (o)

S%ill in drawine diarrams and visual reonresentations of
quantitstive data. (0)

L’?

1 ssembling relevant vieces of equivment into exneri-
il o

ki
me-

$7il11 in usines various measur’ns deviees to the ap»ropriate
de~r=a of precision. (0)

Skill in workins at adeguate spead and with reasonable neat-
es5 and safety. (0)

Skill in handling materials with due attention to safety snd
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y in ad’ition to the shovey o dls should also acquire -
movled ce and understandine,

ahility to davelon =z zustained zpnroach Lo a cartieular
nrohlemn,

Avility to verhalise conceptual problans concissly (to define

a nroblem in ﬁords),

Ability to defend orally anl in writing a siven course of
action and the conclusions arrived at.

Ability to work without detailed supervision.

Ahility to sugeest future work arisingz from a project.

attitudes.

Acquisition of incrsasin~ self-co-fidence leadinz to a
willingnoss to take decisions.

?ealloat1on that many decisions are at best a. compromise

solution of COﬂfllCtlﬂQ iﬂte ests.

Realisatior that many decisions are mnecessarily taken on
incomnlete evidence.

Willin~ness to seek information and assistence from all
appropriate sources.

Joxrl:

vork.

lany of the abhove objectives are achieved throurh project

The:y have been rzted on a 2-noint scele as follows.

Ratinze A - assential to all prsctical projects but could also

Rating B

rise elsewhere in 3YJ5 work.

'y

- desirable in all practical projects but not essentizl,
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22
23
24

Ohjective tating
1 3
4 A
6 A
5 A
9 A
1 A
12 A
13 A
14 A
15 A
17 A
1 A
2 A
5 .
4 A
5 A
6 A
A1 A
2 A
3 A
4 A
B 1 A
3 3
4 A
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April, 1971
b T LAt e . - . .
Sixth Tesr Studies in Shenistevy - Juestionmaire

You have just coupleted the 3.Y..3. Chemictry Course and we are
znxious to learn your visws on it. We should be prateful i wvou
would Till in this Guestionnairs indenenderntly andjfr:nklf 30 %hat
we cazn see where the r~trenmsts and weavneczses oi the coufge lie.
Your reyly will form wart of the basis of any future revision of
the course.

1

P Pl R, * =y Y :
Please tick the apnrooriate hox(es) throuchout or insert the
required nuber, :

1. Boy -

2, Hicsher nasses.
(a) How many Wirher passes do you hold at present?

(b) “"Mat erades did you obtain in the following Hirhers?

A 3 3

rgj
V]

e
=

Any other Science Ilirher
(specify)

2 60060 0000088800000 a0

[n] oo

(¢) .mile vou cre in Sixth form vhat other 5.7..5. subject are
you studying? !

r

N A
el oeide s 88 08 080 060 009 s 0 s @ ¢ 65 8 50 5 0?8 300 PN OSSO Rl

T3 NeT (T0A0 4ereerssssassssassossotasssasosesssasscassssas

'{u" Gl"aie R R e I I A R
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3. ‘hy did vou decide to do 3.Y.3. Chenistrr? Tick more than
one box if required.)

Zood 'I' Zhe istry result

113

Foor 'HB' Themistry reszuld

To improva your chiances of zetting into university

To fill in a Sixth Year tinetable

Because the subject is interesting

Because of teacher wnersuvasion

.

To fulfil oblirations of a conditional accentance
of a univ-rsity olace. '

4. “hat has heen your rezetion to 3.Y.3. Chemistry as a whole?
(Tick more than ome box if required)
Hasy ‘ :
Reasonahle

Jifficult

3timulating

Boring

‘Too factual

N

s
®
=]
’.J-
w
o
=
2

Hot concerned enoush with social aspects of ch

¥ell balanced

ics from the 3.Y.5. Syllabus listed below,

5. Arzinst each of the topi
of the hoxes a, b, ¢, and another in one of

place a tiek in o
the “~oxes d, e, f.
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a b c 4 e £
Teither
sasy|odar-l Jiffi4|or-|harins 3Eimal -
tate seult Jliing | nor Stin-l ing

iulatin~

Thermodynamics

Volumetric work
[ s .
{including redox)

Spectroscopy

Atonmic 3tructure
(orbitals)

lolecular Shapa

Orranic

Hest of Croup IV

Y,

3olution Chemistry (pH,
acid strengsths, etc.)

Transition .lements

6. Among the topnics mentioned above, there are a number of concepnts
listed below. Tick our opinion of them.

<
&
i~y
4

tever Hever
Crasoed Taurht

o
=

.—l
ot

Basy to

1%

arasmn

.l
o]

2
B
o
@

3

Pree ener~y change (AD)

intropy chanre (&3)

The Mole

Absorption Snzctra

3,1 and 3.2 Reactions

Gripnard Reactions

nd znd Buffers

Oriein of Zolour

Crhitals

(deﬁQnerate
&nd split)

.

Peramarnetism
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irade me frustrated
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Tour mroject +ill have taken zhout one quariter of your total
chenistry tine, Mat are your views on ‘rojects? (Tick

more than one il reruirved.) These zre some comments offereld
by Jixth formers in previous years. Do vou arree or disacras?

-

Acrree Jisarree

A wazte of time

Valuahle experience

An easy option to claszwork

ade me more indevendent -

ade me use books a lot

Gave ne an insi~sht into real chemisbtry

Too little time devoted tc it

An inefficient way of learning

inabled ne to see other chemists at work

Involved me in too ‘advanced ideas

Got a real kick out of it

Left too much on my own without help

Too few marls levoted to it

Further educstion and future career.
(a} “hat career do vou have in mind? teeeeiesersnsssesasnsonsss

(b) Tor what form of further education have you anplied?

Tniver=ity

GJollere of aducation

follare of Technology

Industrial Training

Any other (STPECLITY) eeevererornnecnssnosscntoosossncnssoes

Gualification honed fOr ceevieroreroorecscecnceassccsnanas

(e) /
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(¢) Please ~ive nape of -

Tniversity viveievens.

O s 00 08 g v ot h et e o ¢ s 06000 00900 0 ¢ 002 00
D -

'_uc'u]b s e g0 o “ e e 0 w0 ® 5 32 00 8 85 % 2 0 8 e 8% 008 80P eI 6L ST OETYS
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(d) Wwhat form of aceentance have you had from your further

fon]

education centre?

None as yet

Thenk vou for your co-oneration in answering this Questionnaire.
Since no question has asked for your name or school, sll the informa-
:tion you have given is absolubtly confidential.
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zy to day dis
“oms with the punil, lrowledrme of the opunil and consi
i the final ll)ort.

cus
1sidera-~
s required to consult with the class

ion of markes and is asked to submit an
Board on Form 3.Y.3 - Supnlement

be reachel, the mztter is to be
the Privcinal Hraminer,

The oral examiaatinn of the candidate which will normally take

i sence of the elass teacher, ig an ilmportant vpart of

nd only in excentional cases, such as illness, 2tc.

will :noe t‘f:*@ mzrl he asccenter, In zuch cases, documentary svidence

in o 57 the excentioral cireumstances would require to be sub-
2. 21llzc==ion of Yarks
t0 he awarded are dividel into three srouvs, =zach
of . 3 sub-divided into bloeks carryine a maximum of 5 mavks
ov - me eas2 a maxiaum of 10 marks, Assessora will entar the award
: > in the anuropriate column of tha forn, Yarks avavded

should he whole numhers. No finer divisions should

{a) Troizet leosrt (20 mavis)

,arks for ﬂpﬂo”aW 1ﬂr0nt of the r2rort »ith particular
an rams, tabulation of data, ete.

5 marks for the presentation of the re: ~ort shich would inclulde
=ueh points as aleqnabz introiuction, relevance of mateorial
theme, beckrround information, refrrences, conclusion.,

(3 Tor the synerimentzl asrects includine nrints such
ciemtifis content, asseszeent of oroblens, mathod of
27line, dezicm of annaratus, tachnique, oricinal thouchi,

~rohlems. "




(c)

Orzl Txawination (20 mer s)

5 marks for haszic uaniershendineg.

5 marks for initiative, resourcefuln2-3, orir~inality,
indiznendence,

5 marks for clarity of exoreszsion.
for reneral cestinmate of the thesis including noints

s
uch as an apnracistion of evrors, future possibility of the

Jourze York (10 marks)

5 marks Tor the rscord of the work basedl on points such as
presentation, ¢ nn]et@nvaa of reworts, range ol work covered.

sl St

ad, initiative shown, develonment of one

5 marks for the guality of the work bvased on exverimental
ain

£
particul:r experimental line of enguiry, (which could be
a subiect of discussion with the candidate), etc.

In oriler to mrovide a working hasis for the assessment, the

teacher is

([ .l‘amls 4 "pv)

asked {to nrovide in coluwm (a) of form 3.Y.3 - Supnlement
nreliminary estimazte given in terms of a five noint

scele A - E. One cowy of the form .is to he sent to the 3Board, and
the other cony to the External Assessor slones with the pr oject reports,
in each case by 1lst May, 1970,

The ranre table Tor the ieachers' preliminary estimate on the

Tive point

seceles is:-
A 40 - 50
B. 30 - 39
C 20 - 29

D 10 - 19
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as5tion
Numher

dem~z of Av.
Jcores

ner

sechonl

fonics

Somnlexity

Povularity

1

7.0

11.9

Tharmo-dvymnanics

nowledre +
Jommrehension

Tigh

1C.2

15.4

Enodledaee +

V. Hien

Syect“a
3ocial QCreanic Apolication
3 .9 5.4 1%3.C | alevlation of nn>11c,u10n Low
Jommosibtion + + Analysis
osmotic »res-ure
4 10.3 5.5 14.8 | Thermo-dymamics | Jomvnrahension Yigh

Cresnic
(I'zan 6,

8/14)

1

12.5

14.1

Group IV

¥noialedme +

Toderate

elements Jomprahension
6 5.5 2,5 - 13.5 { Tran ib X¥nowladrme + |Eoderate
ilenents Jomprzhensinn
+ Anolication
7 9.2 | 5.6 - 12,7 { Jonductivity Jomprehomsion|iioderats
+ Soncentra~
:tion Cell
8 10.3% 4.0 12.0 | Vth Form Application Moderatse
al2ctrolysis
" -~ - + . ~ 3 : Tr
9 11.6 3.3 15.5 | solution - Comorehension|lioderate

Chemistry
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ANTALYSIS 0P ORIGOTIVY 450 3157113 (PAPASR II)

1970 ' 1969

Tovpic lange of V. Ran~z of F.V.
C(To. of items) (No. of items)
Transition Jlements G.55 = 0.59 Mil
€.57(2)
Solution Chemistry 0.27 - 0.32 0.%35 = 0,91
¢ -
0.28(2) 0.563(2)
Thernodynamics 0.50 - 0.96 0.59 - 0.64
0.87(6) 0.62(2
Organic 0.42 - 0,78 .23 - C.97
0.56(8) 0.57(11)
yig 0.29 - 0.48 0.58 - 0.68
~ L — -
0.39(2) . 0.64(3)
Mole 6.55 - 0.84 0.43 - 0.86
L —1 N
0.69(2) - 0.52(5)
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quote from Jucstion 3 from 5,7.7, sivation Rosed 3.Y.S.

In a riven conper (II) salt, the conper ion is comslexad with
ammomia, Yrom the exmarimental results given helow, calculate how
nany ammonia molecules aré associated with.each coprer ion,

A1l r sample of the salt was dissolved in 5C ml M HCl and made
un to 160 mf wibh water and mixed. The solutiﬁnAwas treated as
follows.

(1) 50 mlL of it were titrated with I ¥alOl anl 16.2 ml of the alkali
were required for neutralisation.

(ii) Another 50 ml of the solution were titrated with a reagent
called 3.D0.7.A. 1 mole of whieh is equivalent to 1 mole of
copper (II) ion. The volume of H/lO 3.D.T.A. reduired was
21.7 ml.

(7) marks




CHAPTER 4




chaoter, a survey (Appendix . Ai.l) was made of teachers

Year
than

two

v
95¢"

TaCHISRTY VIGW 00 SIXT Y3AR STUDISS
In parallel vith the pupils! survey describel in the previous

Studies C'emistry in Anxil, 1971. This was hesun a year later
the punils' survey to zive the bulk of the teachers at least
2ars exwerience of Leachin~ the syllabdbus.

Renlies were received from 139 teachers (8“° resoonse)of whom
were men,
The aims of the survey ware -
(a) To nrovide teachers with a national victure of the findings
of their collea-ues enrarsed in teachins 3.7.353. Chenistry.

To allow teachers to see how they fitted into this picture
and, 1f need be, to make adiustments in method and timing.

(e)

To provide information about tooks in use

(a) To provide information of use to those who were plaming
syllakus modificutions.
(e) To allow comparisons to be made hetween pudil rezction and

teacher reaction.

TOW IYE TATTURS?

PERISNCHED 533

AR
T b L

(1) Yea s of teachin~ service (Amendix p. A4.13).
TARLE A1
4
Up to 10 years 487
Tore than 10 but fawer than 20 years 30
A
20 years or over 22

(11) /




(ii) Years tenchine S5.7. .. ‘hemisiry

TARL B 4.2

e

Pirst year 27
Tw#o or more vears 736

DISCTISTION
It was interestines to note how much of this senior work was
being baught by fairly vounge t2achers with feser than ten years

experience. This was probadly a zood sim in that the up-to~-date

]

knowled~e znd enthusiasm of the youn~ men was beins employed. This
was a chan~e in the systern of ten years aro in which a young teacher
was sel&om allowed to teach a senior form for the first two or three
vears of his career and the sixth form was the nreserve of the head
of department.

The fact that three-quarters of the teachers had tau~ht the 3.Y.S.

course at least Ltwice throurh inmdicated that a balanced rather than an

emotinnal view of the course could be expected from the survey.

N
-

32700L ORCGATISATION

Jhen the 3.Y.3. course was bheing prepared for the ixamination

Board, the wwiters worked within come ruidelin2s of tinme (Appendix

v

p. 44.10). These were -

(i) The course would occuny about seven months
(ii) 3chzols would allocate aboat eivht Tortir-minute periods

per Jezk

(iii)The timz division between theory and set practical would




he 3 : 5.
(iv) The naroiect sould toke shou seguatter of the tel
;o the nroiecy gould taike stoult onz-guavier of the tote

iint time, i.e. jush l2ss than $vo months,

The survey set cut to fi»d hov wall the time zllocation was

teach-

cneratines, For this section only one teacher per school was asked

to reply.

(a) The best sixth year punils studied and scat:i-

Sixth Form Sourse d of Schools
University Bursary Comnetitions only 3
3.Y.3. only | 71
Both of tha above v 26
G.%. 4, | 0

(v) The time allocation for Z.Y.3. (in periods per week) was

as follows:=-




- 4.4 -

Periods <, of 3chools

3 0.8 ‘ .
4 . 2.3

6.8

wn

(@)Y

15.2
T 8.3
8 . 43.2

9 9.8 | i.e. 56,85 of the 132
’ : schools ‘vhich replied
10 11.4
11 , 0.8
12 . 0.8
15 0.8

In ahout 30% of schnols, their neriod allocation contained at
least one block of three periods (2 hours) which allowed lencthier
vieces of practical work to be tackled.

In only 15% of the schools some of the 3.Y.3. time allocation
was shared with fifth form puvils and in only one school was the
whole of 3.Y.)3. time shaved with fifth form.

Before the days of 3.Y.3, it was common for sixth formers to
spend all of their time with fifth formers either cepeating the
Hicher course in an effort to improve the quality of the Hirher pass
or in doin~ sixth form work larrely from text-hooks and with little
teacher supervision. Onz of the aims of 3.Y.35. was to nrovide a
separate and advanced sixth year at school an? from this survey it

secmed that this was heings achieved and that the punils we-e in con-

thbact with o teacher almost all the time.

(o) /
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(e) Divizion of time hatyeen rrastical and theory.

ical|Treory

On 6 neriodz per week 'the commonest divicion was

N
N

" 7 it ”n " " " ] "

N
R

[OX

o W
N
O T

The more experienced the teachers were in nresentir~ 5.Y.5, the
fewer theory neriods were reguired and the bulk of them setitled for

3 theory vperiods.

(d) Adequacy of time allocztion
7 periods or fewer were rmenerally revorted as "too little"
8 periods were equally r2norted a3 M"adequate" and "too little”

9 periods and over vere generally reported as "adequate’.

(e) Laboratory facilities
Only 14% of schools had a zixth form laboratory. Hovever,
shen teachers were asked about the adequacy of their accom-

imodation the result was as follows:

% of schools
Generous . 5 .
Adequate 30
Raraly adequate 40
Totally inalequate - 25




DISCUSSICT

Tha tendeney shown in Table 4.3, o. 4.3, for the hest punils to

study 3.7.2. only or in coriunction with & hursary course wss a walcome
3 N4

changs., dhen 3.Y.5. was first introduced it was trzeted with sorme
suspicion and headmasters tended to stesr their best sixth formers

into courses leadin: to university bursery competitionz, not so much
for tha monetary rewar (in some cases mon-existent) as for the kudes.

The chanmeover has beosn expadited by the willinmmess of some, but
not all universities‘to base their hursary exaninations on the 3.Y.3.
course. So far the univerazities of fls gow>and 3%. Andrews have
arreed to tﬁis. A 3econd factor was that some Enslizh universities
(notanly those associated with J.ﬁfB.) ware premared to accept 3.Y.S.
in place of 'A! levels for entraznce,

The course planners had bhudreted for 8 periods ner week and so
far 66.8% of the schools had manawz2d to ~ive this tim2 allocation or
more and a3 experience of fteaching the course increased teachers were
able to meet the olanrers balance of 3 periods of taeory to 5 periods
of practical.

‘It was not the nolicy of the sxaninations Board to dictate to
schools on time zllocation or divi-ion and so these times were n2ver
stated publicly by the Board althouch there were unofficizl leaks of
information. Therafore it was rratifyin~ to s=2e th2 olans working
out in nractice.

The lack of a lahoratory set aside specificszlly for 5.Y.%. work
seamad to hava been le3s troublesone then exoscield. On purely
economic ~rounds there was nrobahly little justificztion for such

laboratories which mizht stend empby for as much as two-thirds of the

veelk /
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~eck and the nolizy of the 3cottis™ iducation Dovavtment has been fo

Py N

discours~e the “ulldiwgs of sueh laboratories. This has meant

4 .

certain drawbarks for project worl, Yut these have clearly not been

insuperable,

3. TSATHTIC 700D

N

It was decided to “ini out if teachers were using the 5.Y.3.

3ol

nourse to help »unils to make the trznsition between school teaching
methods and university nethods.
The fact that this was bhein~ done is shown in the resulis of (a)

and (b) below.
(a) The theory part of the course was tau~ht as follows:

TARLE 4.7

Lecture ' 51

Normal school lesson . 29

’ Blend of hoth of these 10
Others (i.e. semninars, tutorials, etc.) 10

(b) Totes were given as follows:

ﬁ of sz2hols
Motes tzken hy students during lesion Z0
\ 15
Printed handouts 15
3cma of each of the shove 54

(e) /
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(¢) “ourze nrzetical (25 distines from Froject dork)

4
T

In the 3.7.3. syllaﬁus T oanout fifty exoiriments wers recommended,
but these were not obliratory zince it was not the 3oard's policy to
dictaﬁe on teachings method.  Towever, at th2 oral examination the
student had to submit his labhorstory noteboo't for inspection. The

exaniner was instructed to mark the hoolt for “sressniation, complete-

)

iness of renorts, vange of work covered ant its quelity™ (Appendix

n. A%.14), By thi

indirrct -means the Board was encourarsing schools

(&)

to do a3z conplete a oractical course as ponsibtle.
Tha averace numher of experiments pexformed by each punpil during

the seszion wass:-

T

No. of experiments % of schools

~a
O\
1
Wi
)
| anad
.
-3

Bron tha Roard's noint of view these rasulis wer: disappointing

since /




3ince tuo-thirds of schrols were doin~ Y2z3 than hmalf of the raecom-
tnended wnractical work.

In conjunction with J. VeCuire th2 author looked for any connec-

PN

stion hatreen the sxperiments «hich were done least an® the narts of

the 3.Y.35. examination which vere hadly dons. A c¢lose conmection

-

25

existed as shown in a preliminary paver.
Jome of the surgested experiments turned out to be unsatisfactory,

but the bulk of them weve quite adequate. A close exariination of

i

this practicel work and its educational value is the suhject of con-
sbinuine reseorch by J. Fefuire and the author.
If the Board decides in future to vlace mows emphasis on practical
#0TK, new‘thouﬂht will be required on the bezst method of persusding
teachers to take the same view.

A question about the methods by which oractical work was bheing

orranised yielded the following information.

Method , Y of schools
Slosely intesrated vith theory 72.2
Pupils work throurh in any order 2%.8

Other methods (inﬂlvdinw demonatration

and stations techrique) 4.0
4. SYLLARUS SOMT ST (Juestions anssared by all -the te ao%org)

The purpose of ti s section was threefold
(i) to ascertain the tecchera! reaction to various narts of the

syllabus to see if any of them were unteachable:

(ii) /




(ii) to comware the teschers!

naterial with

difficulty in presenting the

the gtudents' difficulty in grasoines it, and,

(iii)bo discover how much work teachers had to do to fesl com-

soetent to teach the material.
Tor this 1ast part a scale was used.
Very much work
Much work
Not much work
Very little work

No work

In Table 4,11, the teachers'

reaction to syllabus townics aprears.

TABLA__4.11
Zasy to lav. to |Diff. to dJork
Topic teach teach | teach required

Thermodynanics 10 47 43 4.0
Volumetric work (includine redox) 50 44 5 1.5
Jpectroscopy 27 58 15 3.0
Atomic Structure (orhitals) 20 44 24 2.2
¥olecular Shape 46 47 7 2.0
Orranic 2 58 18 2.9
Rest of Croun IV (3i, Ge, 3n, Fh) [ 20 50 20 2.5
Solution C-emistry 25 53 12 2.0
Transition jlenont§ 22 52 26 3.0
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g pereentace of the resvonses.
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Two intersstin~ obzerveotions enerse from this Tahle.

(1) The faifly close arreement betreen the "sork required”
column ard the'"difficult to teach" columm

(ii) the stron~ disarreemen: betieen the "easy to teach™ column

and the "easy to rraspcolumn in Table 3.1, ». 3.8.

(i) /hen the "Difficult to teach"column and the "Time" colum were

ranked and compared the followirs results apneared.

Rank orders

Dif~icult to teach | Time
Thermodynamics ] 1
Volumrtric work : 9 ’ 9
Spectroscopy 6 2.5
Atomic 3tructure 3 )

o

Molecular Shape

>
~J
U1

Or~anic

u
o~

Groun IV (Si-Ph)

~N I
1

3o0lution Chemistry

N
(8]
.
wn

Transition =Zlements

P = £:50

The /
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The larrect discrenency vas in the case of sn2ctroscony which
also annearal in an anomalous »osition in (ranh 3.3,
Thermodynenics was wredietally at the ton of the list in both

caszes. Teachers, in comron with many other chemists, left university

with litile confidence in their ability to hanile thermodynamics and

The crystal field =nart of the Transition slements was, for the

oléer teachers, quite new material, Fron analysis of 3.Y.5. exanina-

stion papers it w

w

5 nlear that mary teachers still did not understand
his material, since every punil from certzin schools produced the
same wrone umaterial (Appendix p. A3.15).

Spectroscony was a new tooic in schools but, dealt with in the
prescribed ewnirical fashion, 1t prohably turned out to be less diffi-
tcult to teach than had baen anticipated and tailor-made published
material was availlable, 24

The mechanistin~ Orranic material cost the teachers a considerable
anount of work, particulzsrly in the case of‘the older men in whose
university coursce this had not been covered.

The material which cont least effort by the teachers was the

Volumetric. This was & return to a well-worm part ol the Yraditional

3711ahus with which older teschers were familiar and on which the

. s
youn&er teachers had baen reared. This, however, has been shown in
the earlier part of this work to be - notentially troublesome for

students (Chanter 3, p. 3.8). i
Mhe ecorrelation between the two columms was zo ~ood that it could
4
L

he arcued thot a teacher's view of teachins difficulty could bhe a

o
L

least as colourad by his own learnine effort as by tre reaction o




his studartas, an evamination of the vunils! "ALFfieddt to grasp”
results (Table 3.1, 0. 3.3) would su-~~est thai the teachcrs' learning
effort is the main faclor in his feelirss of vhat szs difficult o
teach. It wes Aifficu1lt to helieve that students reacted to the
Volumetric work in such a way as to encourzze the teacher in “is

belief that the vork wvzs retting across easily.

(ii) a comparizon bhetuween {the "Difficult to teach™ column an? the
"Difficult to crasp” eolum +as most remarkabhle. (Craph 4.1).

The discr2vancies were quite larre. Althou~h accurate coinci
:dence would not have heen eusected, these differences showvn in the
craph are well outside anticinated resuly

The nunils founl the thermodymamics easier to crass than the
teachers exvected and this was horne oub in eramination parformance
(Appendix ». A3.15). On the other hand the students had more diffi-

th the volumetrie worik than the teachers thourht. The other

1_.‘

ccutty wi
large disparity was in hane area where tre teachers
thought that the materizl was easier than tle pupils‘found it.

Coincidence was rood in the arass of Spectroscony and Solution
Cneristry. .

“het exnlanation could be atvanced to cover these disnarities?
One poséibili%y vas tat if & teacher had had to vork hard to master
a topic, h2 rad had to underro the same learming frocess as his
students woulﬂ lave to exnerience soon afterrsaxds. He vras aware of
the lesrninge problems a2t First ﬁand end could communicate, perhans

umeonscisusly, vith the ~uoil in a more gympathetic way. (n the

el

other hand it was 30 lon~ since he had hren a learner of

(2ves /

sonae topies
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(6.7 in Tolumetwic) that e had ceased o see the topic from a
learner's roint of view.

Some areszs such &z J2ectroscony and Solutinon Chemistry nseded &
differeat kind of leawni-~ on the ma-~t of %the teacher. This would
have been wmore of o "rushine-un" process rathes than 2 fundamewntal

learning one beczuse the material had been mastered ard

some earlier period in the tzacher's carecr. However,

this vork shoved up in the relative ease ith vhich the

the material.

This led to a very Tundamenial vnoint. Hov reliahle
:jective z2szeszment of a teacher of vhat was "~ood"
On the hasis of such assessments have heen built most

chenistry courses.
situations (ﬂot in uvoflanﬂ) and have sat round table

svllabuses. Treiy veory keenness succeaded

nay rave

punils

¥as the

een teachrrs have been removed from clas

in %]1AJLW

unle“'tocd at

the benefit of

~rasved

3ub-

for his nupils?

of our modern

srgom

3 prcducinge

then

to the real 15 and ahilities of treir pupils. This deception may
have been conounded when the material was sent out for trials in
schools, thused teachers may well have confused thelir own enthus-

vhat ther azsumed to be the enthusiasm of their

in dein~ so they nay have given apnroval to srossly unsuit
L]

punils and

ahle matexial.

Problaens reqllj became evident when the normal teacher znd the normal
nupil in the mormal school tried to granple with the nea material,
a,c, the Muffield btreatment of Fre- ener~y and the "ole concept nre

Shayer and Inrle have sho™ how far off the

33

of this work has heen,

Aerreaes of exrerien

pmupils /

mark much
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punils can take and this urecertainty michi verr well ve more marked

in the entihusiastic znd acadenically ahle tezchers.:

It sould seem %to be inmvortant that survey material of the kinid

n this thresis should te carried out to bring some realism

e

embodied

into t>e situation go thut the second ~eneraticon 07 syllahuses can

. . . . cq s . 0
be bronrht more into line with pupil sbilities and antitudes. ?1oom3

31
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has to o hand in hend with Piaget syllabus vlanning is fto be

sound and realistic (Chapter 5).

GENIRAL COIN WIS O 70 SYT.LARUS

Only half of the teachers made any renly here. Of those who made

comment only about 13¢5 were wholly in favour of the syllabus in its

present form. From the critics there was no unanimity. The orgznic
material came in for the severest criticism, but no c¢lear pattern
emerged; Those who s5aid 1+t was ''too mechanistie” were almost equally
balanced by those who s2i? 1t wsz3 '"mot mechanistic encu~h". There

wes an equal division betveen "intellectually lichtweirht” and "too

big a 7zp hetween 'I' rrade snd 3.Y.30 zrd a similar resvonse betwesn

"more practical needed" and "amount of recommanded oractical oo srzat’.
3

Syllarus revisers.could teke little ~uidance from this and could

be formiven for leavins the syllabus inktact.

5. PaCI oY JORY (Questions in t*is section were answered by
only one teach-r per school. )
The guestions in this section were desiemed to sce if the
oripiral curviculum desi-n was working out in nractice. The

rationale Tor the vroject part of %the eourse was set oubt in Shanter

5./




~~
o)
~r

(a)
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The laree mao-itr

end ome-thirvrd of their tise Lo

ellocatel as follows:-

07 aerools devoted betwezen one-quarter

Tha

LU W as

In a block
Snread ov-r nost of the session

Cthers

Thnice of »rojiect

ethod

mtirely by nunils
Hainly by ounils

Vainly hy teachsw

Lisison vith industry for »nrojects

uch

3ome

None

the industrial contacticordial?

Yes

Sometimes

Mo

Liaison with tertiary

centres (University, Technical

Jollepmes)

Much

Jome

Hone

114
7055

divrary fzeilities Tor nrojeet work

r—{

Cood

I"oderate

v

oor

179
475"

575
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jchools were free Lo owmerate the 1$im2 aglloczition for nroiects
a3 they chose z2ni this vas equaly divided beitwern tvo nethods. Tha

hlocz methad meant that students had, on averazr~e, e2i~ht periods nrer

veak for about two months. This alloved puwils to make fairly vapid
nroTTress, Foychologically this waz sound in that enthusiasm was
being raintained by obtainin~ rdsults quicikly. Punils errsrmed in

their first "research" found it hard to endure a 'desert exnerience
with mo results for several weeks.  This feelin~- of frustration was
common amons students (interviewed by the author) who had done their
project work spread out Tor abhout one.hou; per wveck over two terms.
‘No sooner had they got under way when they h-d to pack uop for another
week.
It was interesting to »note that the majority of schools had
made some countact with industry and vith tertiary centres in connection
with project work an? that the contacts had bheen cordizl. lven schools
in remote districts male contret with industry such as distilleries,
fish meal fsctories, river purification boards and léundries.
(f). A1l teachers we -~ agsked for their views on nrojects as a
teachiiﬂ methol, ey were aszled to arree or disarree
: .
with statoments similar to those in the student survey

(Chapter 3, ».3.18 ). Hesponses were expressed as nercen-

3
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Statement‘ aArrze|Dicac~reel Ho emswar

1. a waste of time G.5 98.0 1.9
7. Inereases nunil indenensdence 25.5 4.0 C.5
3. lakes muanils use hooks corc2 than usuzl 89.C 2.C 2.0
4o An inefficient way of 1ﬁarn€ng 21.0 75.0 3.0
5. Involves nmudilz in too adv&ﬁced ideas 14.0 79.0 7.0
5. ‘mablas the nusils bo mature §7.0 8.0 5.0
7. Gives the »nusil an onvortunity to sre

other chexisis gt work 32.0 £8.0 10.0
8. Tlakes the punils frustrated 25.C £2.0 13.0
3. Gives the punil a ~o00d pre-university

trainiae 61.C 12. 7.0

10. Geté too fev marks for the effort
involved 50.C 45,0 5.0

,F‘

4

o

The resnonses

(Granh 4.2) but there was a larre disasreement about the amoun

rom both rupils and teachers were very similar

t of

reading done, Tedchers seemad to think that there had been a creater

increzse in the use of books than students wounld admit. This may have
tied in with the fact that library facilitiss were generally described

a5 'moderate’ %o "noor" (845 of schools).

The meneral imnression of onrojects, ~iven by.hoth teachers and
~mnils, was very favournble excent that they felt that the proportion
0f tre total assessment ~iven to projects relative to formal exa;ina—
:tions was too low.

The nrojects, it seemed, had succeeded in achisvin~ the ~eneral

rd
<

aim 3et out in the ori~inal Trxamination RBoard's Vemorandum to rive

2tufents /
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5 au osnortunite to heceome rore moture and indenendent., Teschers
svartnelnincly asreed that the nroject had increased »unil indenandence

oA I

2t maturity and had orovidel a ~ocd nre-university trainine,

(A1l teachers were asked to xive their vieus.)

The details of the assessment were ~iven in Chapter 3, p.3.4.

TABLE 4,14

Teachers! views oni-

(a) Ovieciive test (50 marlks)

smtirely satisfactory 409"

. . 4
Objections to secrecy 109
Too many marks allocated o

Too few marks allocsted

/.‘
N v c s >
No choice - objection 2

Other objections 250

No commant ' - 38%

1

(b) Structured question naoér (10¢ marks)

BEntirvely satisfastory 4%
Too wmany marks ' 7%
Too few marks 10%
Others 2’
Yo comment 39¢/

Proieet reosort (20 marts) !

~
Q
S~

Bntirely satisfactory : 297
Insufficient marks for =ffort 445"

Standardisation and obijectivity .
sutect 135

"
To anmnent 146,




(d) Cral int% rview (?O v':].‘ix:i“.'iS)

intively sabtisfied 27’
Pawer marks ' 15"
Tore marks 5%
Dubious ohiectivity 8’
ieirhted against nervous nunil 65

” Too much depends upon examiners 3¢,
Teacher asses-ment here only 2d!
Others o
Nd comment : 27f

(e) Clanss Practical Vork (10marks)

Entirely fzvourable ‘ 1564
Too many marks 7.
~Too few marks 1077
Dubious objectivity &t
Assazoment of 3chool and Teacher 165
Unfzir - discontinue 56t

Others C10¢h

Mo raply . 357"

DISTUSSICN

It was orobsbly fair %o take "no commeni to mean '"mo critiecism”.
On this basis, the lar~c majority of teachers offered mo oriticisﬁ of
either the Cbiective Test or the Structured Zusstion Papar. The
criticisns which were exnresses ﬁere usually self-cancellins,

The main nbisct on to the Frojsch tssessment wos the lirht allo-

©

teation of marks for sueh a larrme effort. A fezsibility calceulation

wAS /



28 A~vae o s2e the effect on the 3.
i

222 allocation of marks for tanjeet and ovrectical atressment from one-

uartar of {he vhole to ome-third of the whole, This wzz done for a

raidon santle of 200 eandifates in 14971, The Ran Order Corvelation
! S - . . :
\e) vras 0,38, Tor politieal reasons it would seem thzt the sxamina-

:ticn Board should make the gesture of raisin~ the allocation of marks
for »roject wori, Cne of the origi=agl ressons Ffor the low allozcation

of merks ¥as the uncertainty of the veliahility of the »rojext assess-

imentd. S0 far the assessment gystem huas worked well in that only three
zpreels for arhitration have heen made to the Principal Lxemirer in four
vears althourh about 25C0 projects huve heen assessed in that tine.

[

This has not, however, reroved the mis~ivines ahout wreliability. By
t:e present methosl the resident teacher assesse?d the project and then
39*% the report to an external examiner who visited the school to inter-
ciview the candidszstes. The teacher and the examiner then had to arrive
&t = common marii.

3qme wor's has been done to extend this procedure to examine cor-

:sistency of marlkinrs. Torty teracherrs were oiven duplicate? cownies of

. n - ca ! B - _ .
three projects, a cooy. of the markin-~ «rid \Appendix p. A3.13) arnd asked

to mark the nrojects indensniently.  The resulis are in Table 4.15.
TaBL B 4.15
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T 330735 (/20)

Froject 1 Troject 2 Project 3

18 13 11
15 11 13
18 11 11
16 14 10
18 12 14
14 15 10
16 14
18 10
18 13
14 12
18 14
15 15
16 11
15 16
17 9
16 13
17 13
17 16
16
15

2an 15.5 (&) 12.9 (B) 11.5

frale)

D 1.% 1.9 1.5




The asrecnent 425 o0l for the A nvojeet, hut »not quite so mod

o

;—J
<t
I
&
B,
o
=
o
S
@
w
.

The marlins was, however, ac <ocd (or as bad
as the cnreal ohtaine® from teams of mar%ers workin~ on traditiomal
examination questions.

Under the author's supervision, J. Handy has besun to extend

this experimert as follows:-

(1) Teams of teachers marked the same projects independently.
(ii) The students who wrote the gvrojects were available for

J

interview and teachers were asked to modify their origiral

mark in the light of the inbYerview. These new marks were

recor’ed,
(iii)The teachers we~e 2llovwed to comsult one other teacher to

{
& =

comrars notes befors giving a final score.

Sxamination was made of how these successive nrocesses cause the
original mark svread to narrow or widen. The results which were mot
Pnooqra@ing,"are embodied in a rescrt by J. Handy an? the author to
the 3cottish sducation Department.ag Jork has now berun on devising
and testing new nroject assessment schemes.,

Cless practical work asszessme-t i3 the least popular, hut, in
view of the fact that teachers wsre not encouréging their students
to do enourh pgaotical worl, QL4.4} some sanction may b2 thouzht to

be necessary.

The comment that this "assesses the school and teacher” was true
of all examinatiors, hut 3ince the teacher was nresent dgrinq this
vractical assescment he nrohably felt thic more keanly.

The reneral picture of the Sixih Year Studies course ffon the

teuchers! /
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teachers! »oint of view was favourable and served to comfirm that the

e course cortent

o

renaral aims of the course were heinr achieved.

was, in nlaces, not entirely satisfactor:” but there was no guarante=
that other tonics would fare any bettar.

An interesting tailpiece to this becune evident at a meeting of
headmasters hel? in the Uﬁiversity of Glas~ow in Decenler 1971 to dis-~

ccuss Sixtk Year Studies in ~encral.

.

Yore than half of the headmasters present stated that they were

~

encouracing suitably gqualified sixth formers to study 3.Y.3. Chemistry,

recardless of their career plans, because of its well balanced structurs!
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questionnaire for Teachers of 3Jixth Tear JStulies, Chenmistry

You have just finished teachine the 3.Y.3. Cheristry course and
we are anxious to have your views on it. Since nowher= is your name
required you can answer cuite frankly. Your renly will contribute
towards the future revision of the course.

ilease tick the anoropriste box(es) throurhout or insert the
required number. '

1. lale

Female

2. Numher of years in the »nrofession

Number of years tzaching 3.Y.3.

0f the 5.Y.3. syllabus, you have taucht - All .....eveesen
Part.o.viienass

3. School orcanisation - if more than one teacher in the school is
answering this survey, only one should answer Question 3,

(a) Your best sixth year pupils study énd sit -
Bursary Competition only .ieeieieeeeeratesseerocecssocsans
IR R R o' 1Y
Both 0f $he 2h0VEe teeeecteseessansersssecnocsessscsnnsass

il
G..Jo._)o S 8 6 % 40 0 0 0 0B e P E OB 200 E NV EBOEL NSNS LIEEE eSS

(») Your time allocation for S5.Y.3. is l neriods

per week,

These neriods are allocated a3 f0lloWs sevevevseracnsne
3 an ‘

48 800 0030000300
0y

For how many periods are the pupils in contact with a

BRaACNE T T 4 it ereresassaest s tas st sttt as ettt et en

For how many periods are 3.Y.3. pupils sharing time
aith Vih year punils? c.iueeveseecrscsesctocassensscanns

How is tiie time allocated between - practicalescessecse

—theOI'y ® 5 00000880

In /



- Al.2 -

In your experience your time allocation is -

adequate

too much

too little

(c) Do you have a 3ixth yezr laboratory? - Yes

No

You rerard your laboratory accommodation for 3.Y,3. as -

generouns

adéquate

barely adequate

totally inadequate

4. Teaching Method - to be answered by one person vper scheol,

(a) Theory. You teach the theory part of the course by:-

Lecture

Formal lesson

Other method - {please snecify)

(v) Notes. Pupils obtain their notes mainly by:-

Notes taken during the lesson

Prirted handouts

Some of each of the above

(¢) Books aznd other literature.
The publications mainly used hy the pupils are:-
® 6 0 8 0 9 3 2 8 2 2 0 0 8 & P 2 s B S 2P O R SS9 sSSP SN YIS SR s

R R R I I N I N N O R R I S R R L R I I B B A R B A BT Y I BN R A N K]

® 0 8% 9 6 0 0 3 2 02 8 0 0 6 0 4D S L 60 S G 0SS I SN LS LN EE LT

The number of hooks aveilable in the lahoratory for
nunils to consult 1s approximately. -

R I R I IR R R Y A A N )

(@) /
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(i) Conrse - Practhtical. The avera~e mumber of euneriments
- . . N . . . \
done vy each nunil durine the gession (exnludlvr nrojects)

is -

Jorkine throu~h orescribed exneriments in any order

Any other method (please snecify)

L I I I R I I I I I I I I I I A I B R A B R R B IR B S B N I I

A I R R I I I I R I I I N S I I I I I R I I S N A I A N

In the lonendix is a list of the prescribed experizents
for your comment.

5. Svllahus Jontent
The main syllabus tonics are listed blow, Amzins® each nlace
a tick in the sppronriste hox to indiceite how easy the hopic is to
teach:~
a8y Averare | Difficult

Thermodynamics

Volumetric vork
(imeluding redox)

Snectroscopy

Atomic Structure
(orhitals)

Tlolecular Shane

Cypranic

Qest of Groun IV

Solution Cheniatyy

Tranzition Ilen=nts

In the extreme rivhthand hox enta2r one of the following numbers
“to indiczte how much nreseration work you had to do to becomre exmert
emourh to tz2-eh Yhe foric.

Very /



Very much , - 4
Thuch o 3
Hot much - 2
Verr little | -1
None ' - 0

If you have any reneral views on the syllabus content, express

them here,

O, Projeect Work - to be answered by one p2rson ver school.

.

(a) “hat fraction of ysur total time for the session is
devoted to projects?

How is this time zllocated? -

In a block

Jpread over most of the session

iny other method (please speoify)

P I I I A I A A S R S AP BT SR IR R N L I A B S 2 R R B A B IR B B IR B A B B

(v) FHow ars vprojects chosen?

ntirely by punils

Mainly by vnuvils

Tainly by teacher

(¢) Hov much liaison have you had with industry?

Huch

Some

Mone

Has /



Ta=s tha inducstri:l liaison Teen coxdigl?

If there has bheen mo industeizl econtant, 2lezse state why
......'...".....'..C'.....l‘ll.'....‘..-l"'.'.“.'....‘.‘

L R R R I A R R I I I I R R I I I S A IR AT B R B I B AR B B N Y B R R BN B A S N NI I ]

(d) How much contact have you had with tertiary centres?

Tuch

Some

Hone

If there has heen no tertiary contact, nlecase state wvhy
S ® 9 0 0% 8 5 5 2 8 2 0 S 0t 4N 4T 0PSBGS NS E RS SN O EsSS A e

L R I R R I A R e I I S R R I I I R A I I R I A N A A A I IR IR B A B BN B AR A Y

(2) How rood ave your library facilities “or oroject work?

Good

Yoderate

Poor

(f) To he answered by all ieachers,

hat are your views on projects a3 a method of trainines
youn~ peonle 3n chemistry? Indlicate whether you arree
or disarree with th2 follovwin~ shzterents zbout vrojecis.



w

1
=
I}
o

Increasas nmunil indenendence

ekes the punils use books more then usual

o
3
=

inefficient way of learnine

Involves the rnupils in too advanced ideas

“nables the nunil to mature

Fives the punil =z opwortunity to see other
chemists at work

*akes the nunils frusirated

Gives the vupil a @ood vre-university
training

Gets too few marks for the effort involved

If you have any other observations on projects,

here,

The asszessment is divided into filve cateroriec:-

t oivine~ syllabus coveracre and careful
-
1

(n) Structurzd questions ~ivin~ more room for extended

nlease ~ive

educational abilities. (50 marks)

thoueat, (10 nmarks)

Pany
(¢}

~
g

roiect renort - extended ar~umeat in cursive Inclish.

(20 marks)

(a) Cral intsrview ~ivine tha pusil ornortunity to defend
his vierc face to face with a stranror. (20 marks)

“or completencss and method

(2) A check of course work

of woriing. : (10 marks)
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hl ~ - " - o
2ase Tive your comnents on each of these tres of assessment

comnziderin~ desirability, objectivit;: of markine, weichtine of marks,

enl any othes relevant material.

Thank yvou for your co-operation in providine this information.

A copy of the findinss will be sent to your school in due course.
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indlicate:

!/ s o ~ . s .
{a) Mizh 07 the followine exveriments you have usedl this

. TeaT, and,
\H) which of the exn-

ri
hut have w0t repeated this year,

Heats of combhustion of a series of alcohols

Yesz's Law  Ma0n/101

oy

- 2+

ess's Lau ™/
' I Fo N P 1 "7 2T
5o f, 0f & chenical cell Un/iz

: . + .
Jomnarison hetween AT ani AN Znf/Ap reaction
3001, hydrate/S001

2 T T2

Thermal decomposition of T‘TaTrT,CO3
. s . " i+ 5+ AT e ., 2 s
Jquilibrium constant e /Jug system (colorimetric)
agquilibrium constent., - Rydrmlysis of an ester
Todine coulonmeter
dstimation of 01 as Agll
Methane and Thlorine under influence of licht
Bromination of haptane in light

r, + C1

€}

Alkene +

Yydrolysis of t-butyl bromide

Prenyl marnesium bromide and preparation of henzoice
acid '

Thenyl marnesiuw~ bromide &n? preparation of tri-
phenyl methanol

Prevaration »f SnI4
Prevarziion of Snl 5

Freparation of Pb?lg

iments you have triel in orevious years
o

(a)

(

)
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9" =
2t ith Im0” end Teot

neactions of in
Juceassive dilution of I'/1C acids en? bases
Conductivities of acid solutions

Pl of arid solutions

K from »7I of known concenirations of acids
pH of salt solutions

pH changes durvire aniﬁ/HQSQ titrations

n pll of buffer solutions with added

Chaa~es in conductivity of buffer solutions with

adled bese/acid

Reduction of vanadium compounds

Jonversion of Ni(NH3)6(BF4)2 to WiF,
o ati Wi (g DR
Prenaration of Al(“¢3)6(3b4)2
Effect of lirands on colour of comnlexes

Use .of Gouy balsnce with paramarmmetic substuances

"armetic pronerties of ferrous ammonium sulshate
- .
and notassium ferrocyanide
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Sections Tinme (hrs)
1 and 3 16

18

N

7 12

9 15

Total 100

The overall division was recommended

Theory 375 Practical 63

as -
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Zo0:liz
Thase are arranred in order of "nopularity”.
1.  fColleon Thenistry - l'ahan : Addison Jesl
2. Shemistry - enko and rlane ' VeCraw-1111
3. Chemistry - A Unified Approach - Buttle and
Jan 13 ' Butterworth
4. Basic Creanic CThenistry (l) - Tedder and
Hechvatal wiley
5. Thysical Ghemistry - Meys Tarrap
5. A dorksheeb Introduction to Chemical ,
3pectroscony - Johnstone and 3haron Fainemann
T Various Volumes in Lonomans Concent. Series
includirg Hew Cuide to 'odern Valence Theory
Brown
Snactroscony - ‘hitfield
Introduction to Chemical Snerretics - Thompson
8. Themistry Data Rook - Stark and ¥allace J. lurray
9. Comnrehensive Chenistry - dicks tacmillan
10. Chemistry: A Structural View - 3tranks et al. Cambridge
11, unervy Chan#es in Chetistry - Allen Blackie
12.  Themistry Takes 3hape (Book V) - Johnstone and
Yorrison Heinemann
13, Inorsanic Cheristry ~ (ood and Holliday Buttervorth
14. Physical Chemistryr - ood and Holliday Ruttervorth
15. Organic Cheumistry - Jood and Holliday Puttervorth
16. Sxoerimental bh@"‘qtrv - A Laboratory llanual -
Rendle Vokins and Davis Arnold
17. Creoanic Chemistry - Stokes Arnold

Other nublications in minor use.

School /
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3 J. Yurray

Sero0l Seicnce Aeviay - Aol
Chemistry in Rritain - 0.7, /R.1.0.
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ALTUNCETLON 1N LN@NLELTY —~ Yedef telels,
Unilever Boo'zlets

4830 Publiecztions

Tuffield Puhblications - Lonemazn/Pen~uin

Journal of Chemieal Jduczation - American Chemical Jociety



In & reecont national survey of $2-chers in Seotland 77 the
wronortion o chenissry teachers ¢3 & vhols vasi-

Up to 10 years exnerience

Yore than 10 mut fewzr than 20 yeors

20 years or over

Thus the sample of chemists teachine~

younger than the naticnal distribution of

PR
Seleds

fete
C

chemists.,
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The disgturbin~ thread whieh heas appeared throu~houwt this work
~is the fact that so many areas of the syllebus have srovad difficult
for the puvils. '

On the face of it the syllabus has a logica deveiopnent with a
Certain‘amount of cyclic trratment so that somé topies such as
‘reactivity! or ’acids‘and bases' apnear sevoral times with increas-
tiny derrees of soohistication, L large amount of nractical work
iz prescribed to involve punils in & 'discovery type' of learning
exnerience butb shis is, clearly, not universally &oqe; Despite
this caraful structurin~ somethirg has gone wronn~.

It was sur~zzted in Chaptof 4, p.4.16 thct the key to the pro-

tblem may ve found in a study of the development of logiczl thinking

]

adolescent.,  Tuch work has been done in this area by Piaget

31

in the

<

and Inhelder end, althour their samelex were zmall, thay showed
that clear stages of develooment exist «ith implications for

teachers in secondary schcols and even in universities.

Stare I - extends from hirth until the appearance of language
(~18 months)

Stare I1 - sontinues till the hesimnin~ of adolescerce (fv13 yearf)

i~

end of second year in sscondary schoo

‘

Staze IIT - is substantially complste by age 15 - 15 (¢! rrade)

The characteristic feature of Jtare II is the appearance of the

neriod of concrete onerations. The child shows reasonin~ ability,

hut /



but in terms of conerets sbjects, - Thers is an absenc2 of the hypo-

tthetical, Tormal thirkin~ zo often r-quired in early science and

maths courses.  The ahility to hold other verisbles 3111l while
alterin~ one, is not common at *this stace. The ~eneration of hypo-
stheses and the elimination of unjatisfactory on23 by nmental opera-
ttions alone is also uncommon, FPor these skills ae must walt till

Stame I1T. Thig is the time for abstract thinkin~ ol ths alecebraic
e time Tor the vursuit of reneral laws and exnlanations.
These ghilities do not suddenly anp»near at are 12-13%, butl rather besin
to show themselves then and reach Aeveloonment at zhout 15-16. How-
tever, Stare III i3 not indevendent of Stage II. The nmunil may bve
able to weason in Stasne III without handlin~ conerebe ohi=zcts, hut
he often thinks in terms of ohjects and images and will continue to
do so for +th2 rest of his life. Te i3 now abhle to zccept the idea
of conservation of volume becsuse he cen imarine the same liquid in
a variety of containers. This brings in the concept of proportion-

=1ity. If a riven amount of iiquid is transferred from one vessel
to another, any cain in level muct be "ceen' to be related to a pro-
:portional decreasse in cross-sectional area.

Cne other characteristiec chanere hetveen Staces IT and IIT which

is imvortant in scisnce, is the ability of the older puril to see
mehtaily, relédtions between comparisons whereas the younrer child

makes ome comrarison 2t a time. This is welevant when one is treyin

o

.

to construct a series in which informztion foxr it is obtsined as a

collection of zmall narts.

axperimental worl: in Pritein 34 has cubstantially suprorted

-5

. . ~ 22 . : . .
Tia~ct's ideas and Peel has nointed out tha’ the staces coincide

with /
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gith mentszl ace rather than vi%h chromolo~icul aos, Yeslinas
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researchinT in sonnrehenyive schools hae

of at le:

13 is require? for »nunils to use the ideas of oronortion-
:ality and relations hatreen velations, and that a mentrsl age of

1~ can he axnectad, Bzard

15-17 ip required before ‘ormal think
points out, however, that these develorments must, to zome extent, be
controlled by society and by educsation.

In ¥iaret's work the imnrassion ic comveyed that the subjects

of his investirstions ars mesetin~s the problems for the first time

without »nrevious educuational "interference. It is dif~icult to
assess bow far educ tion can atvance the onset of these developmental
stages. It may be that the presentation of ideas, which would not

normally occur sporteneously =t a oiven stzge, is a waste of time in
that the child may 'learn', bubt not understand the material tausht, |
In his attempt to assimilate the rew idea he may have to 'bend' it

to fit his stace of develorment or merely have to memorise it. This

may then civ2 rise to problems later ihen he exhibits the naivety of
This is where problems may arise anons se nior school and univer-

Arainst this semi-theoretical baclkeround it iz nroposed to examinag

the arezs of difficulty raised earlier in this thesis. It is assumed
that the order in which the syllabus is written is the order in which

v

it is generally taucht.
There were two distincet areas of the vork up to 'M' ~rade which
had caused difficulty - A. Tormulae, iquations and the Mole snd

o

The Orranic. (Chapters 1 and 2). » :

AL /
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Trom fSraph 2 in the Awnordix to Thanter 2 the followine peaks of

difficulty avsearad agnd theuse were supnorte? by the resvlis in Chapter

“of

1 referrines to University lst year students.
(i) H, - The difference hetieen covalent and electrovalent
«“
honding,
(ii) " - Usiny an  ™on detector™ to measure the conductivity

of solutions and understzndins the results.

(iii) 5 + HS - dritine chenicz2l formulae and equations.
(iv) Hs + Ty - Yormula weights and caleulationz from equations.
(v) I, - The ionisation of weter.  The meanin~ of -

5.0 — 9 (aq) + 02 (aq)

2
(vi) I3 - %l2ctron transfer in r=dox reactions.
(vii) Jl - Acidic and basic oxides.
(viii) J - Various methods of prepsring soluble saltis.,

(ix) - J

~ Precipitation reactions for preparing insoluble salts.

(x) J, - Saleulations to find the molarity of a solution.
Q
(xi) X - Ion electron half equations. The meaning of equations

such as -

D P +

Se + M3 4 T W+ 2H,,0

This work was tacklad by =ost punils between the armes of 14 and
corresnomdin~ to Piaret's ITIA level. This was the stere at
hich formal thinkin~ was aonearine, but which lsent henvily on the

14

conerete thinkine of the nrevious steps.
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Me thinking denandel o nunils in tewies (i) to (x1) avove sas
anothe linit of their sbility nariicularly ot the younrer end. At

Ses oace of 14 most of the fundanentszl material was heiwer toucht

/ ~ . . . ]
\forwlae, 2eustions, halanein~ and calculatlons) unon wnich so much

“the later nad
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(1) 1In HQ the nunil wan confronted vith the situation of de&iiing
Her a compound would have covalent or ionic hondinc, On »hat
bz3ir was this "2cision to he mzde - a knowled~e of the Periodie
Table; electronic ronfisurations: atomic size; electronesativity?
213 jurmlinege with an aprarewtly multivariate situation was likely

to he beyond hin.

(ii) ¥, was arother examnle of a similar probhlem. Punils in 35.0C..5.
/ . . ) (]

(C) ~rade courses were requlresd to understund the shape of this curve
(Fir. 5.1) for the addition

Cond. of a stron~ base to a strong
ona

acid while the solution con-

Fis.s.l

tductivity was being msasurad.

Vol of bm adeled

They had to know siwulteneously:-

1. The mesnin~ of a "strone zcid" and its simificince in ~iving

2. The fzct that water was beinys formed and that its conductivity

=t

[OX

ul

va

e fzet that the number of free ions in colution was the sane

AN
=
oy

23 Ffar asz the miniaunm of the curve.

io [/
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the addition of carhon diox

(i11)
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Tha faect that “e metal 1370 of 4wc 22l had a lower nobility
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adiitional ions from the hase.

This carve was simole when compar2d with this one (Fir. 5.2) for
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The amount of formal

thinking required here

Cond ‘ wes unlikely to be

within the compars of

Fl‘& 5.2
most 14-15 year olds.

Vol of CO, ~2acizd

+ H, have been studied in some detzil by T.7. Jowe and tre

H
3 4

9

T

. / -~ . . .
Juring a Garme study of the reasonins steps involved in

.

writing a formula and an equation. Fupils were asked vo write a

namad

for commomn comniunds, vather more

Tormula as followsg:-

I
e
8
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Weite the symhols Tor these.
.rite the zymbols gnd charces for the ions,

Now write the complete formula.

Pupils usually ~ot sone or all of stens 1, 2 ¢ndl 3 wrongs but,

han half of thenr ~o% 4 correct.

It was elear that if the result of 4 dewe:ded unon the reazoning

tens

w

3
=
9]

h

1,

/

.

2 and 3 almost none of the nunils would have ~ot 4 correct.



Chiz o ag renegted for less faniliae hut equally sinvle commounds and,

in e vash majority of chses, sitens 1 - 4 were srons., This lead to
e anrelusziose that formalas we-e corvect 1f merorise’ "nd thabt reason-

:I7= 4id not enter into their constructios, A similar conclusion vas
zrived 2t rerarding halancine of equations, Thig was an inlication

2% formal thinkines was lyine uwruzed and Shat the way the nupil could

g A

~ivz the aprearznce of covin~v, wsas to menorise what he couldl not uniex-

oRetthoks I8
A possihle cornsequence of this was shown at university levsel in
- 1 < n FalER & N AL 1 38 »
oz work done by Jarrndulf, Handy and the author . A larpe sample

0f ~2diczl students vas tested carly in Tirst yesr to enahle lecturars

to Tind tYe lowest common denonminator of the students' chemical know-

:lzi~e from school. Amon~ the questions asked was "wsrite the formula
for water" (Hzo - 99.9" correct) anl "dresw its structure”. 50¢% of
= s3tudents answerad thus H

7
(iv) e 7{7. Punil difficulty with T, (calculations of formula

wei-hts) was less than with 37 (caleulations arising from equations).
Tviz w3 not very surprisine~ since, civen a formula, the calsoulation

srrula weight involved the ovperations of multinlicstion end

o7 =
adition only. Houever, czleulations from equations reguired a fecl-

tire for nronortionelity - & skill probebly not orooerly develoned

. 7
£111 are 14,

:=nement of teachin~ "ealeuwlations from equabions” for a year (15 )

vill make any si-nificant difference to punil nerformance.
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(v) I,. The =roblem wit). $his ~ay have heen relatel to 2n anparsnig

gelf contraliction. In thr conductivity soric of ., water is fzlen
J

to have virtually no fres ions. Zub, in the conzideration of 21lzc-~

ttrolysis, the free ions in water are allered to tekz rart in the

preferential discharee nrocesses abt electrnd

(vi) and (xi) I, + K. itedox equations and electron transfer are

basically siriler in thinkins to HQ and HS.

Acidiec and Basic Oxides are haced upon a claszification

]

=l

iat in H, since the hulk of oxides do not f
neatly into either caterory.

(viii) and (ix) J3 + J Involve the nrevaration of salts. In

4
the firs+t case particularly, mole relationships werz required for the
neutralisation reactions an? =ronortionality Qas involved, In the

prenaration of insolurle szlts é knowledre of ions, chargss, solub-
1ility of calts (hoth startin~ materials and ovroducts) were required

and sonebines had to be reneztad in multister~e prenarations.

.
(x) JS' Daleulations om molarities of solubtioms. In this nart of
the third form the mole corcept vas usel for two purroses. The first
IS 5 i
was to emphasise differences such az the difference in size betwern

moles of metals and hence the Aiffarences in atonic volume £nd in

o

"reactivity". O~ the 3ifferences in hulk bhetvesn moles of 3«1t

[&]
®
)
0
=3

~ .

with a comaon ion thus enphasising the ifferences in size of the
other ioms. How in JG males of material were diszolved in waler and

made /



nale un to 2ausl volumazs, Tomiounds veached in esual volumes (or in
simnle whole nusber wulbisles) of equimolar solutioss.  his led to

° I's
the dubious nmaterial which anpeared in the Maffield Scheme 39 and in

[

some others basad on the Job's olot, Squinoler solutions were mixed
in promresaive whole number ratios.and the oracinitates centrifurced.

The firs: retio which gave the maxinum bull: of preecinitzte rave the
formula of the comnound. Since the formulae of the reactants had to
he knpwﬂ before molar solubtions could be prenared, the interacting ions
and their charces wave assumed and then used to nrove the assumntion.
This kind of double thinkin~ eould only ave been confusins to punils -
narticularly to the intelligent ones.

Fal

A detailed study of varvious methods of teachi=~s the mole concept

by I. Duncan and the author is now in Trorvess. Yowe's work on order

of pro"Pnt ation will ~ive some insi~ht into the part that age plays in
srasning the cherical concepts coxnszidered shove,

It was instructive to exanine the parts of the s5yllabus which cane

!

low on the secale of difficulty to ses if their concentual content was

)

Adiffarent in naturs from those discussed above.

(1) G, + Gy + M, - Atomie narticles and their arran-ensnt in the
. atom amd in disotomes and combhi-ation ol atoms.,

Thase werec ss3ertially pictorial and conerete, heing treated
40

2ither as a Bohr modzl or as a modified fSillespie-Nyholm model.
(i1) 1 - Reactivity sevies of metals.

Thiszs involved ha dling & limited ran~e of familiar me2tsls with

ronstant reinforcerent of theisy order of hehavicur by several methods.

I (,orjouion of met:ls) was related to I1 and could he sewn a3



e ver orosticul avery drx c’nnj ¢l exseriznce.

(i22) J, - 2% of & Solubion.

At this lavel pH was treated nerely as & sczle. It involved only

the concrele opzrations of dipping »1 paper into soluticns and compar-

4

ting the resulitine colour with a secale, No undsrstandin~ was dzmanded.

(iv) J. - Indicators for neubtr:lisation.

This wezs a direct sxtension of the conerete operations in (111)

It would therefo-e seem to be the case that the nart of the
y- 1A - * . N ~+ N r‘+ - B
syllabus customarily tau~ht at 14 - 15 yeaws was concentually too
difficult for the stage in the developument of logical thinkine which
could be exnacited of the pupils. This would tend to be even more

acutely obvious with less able pupils.

Orranic cha2mistry appearad in all thres coursss - 'C' Crade, 'H!

d
chaoter (p.l.??) it wes surrestaed that this might heve been cavsed by

1+ 1ot

thet the organic anneared at the end of the 'C!' and 'HU!

o+
Sy
D
)
%)
Q
ot
ct
%
C3
-

syllabuses and 50 was in dancer of heing rushed or even omitted in
the period immedistely wrecedins the ewternal examinations. There

e

was some evidence fox this in lraph 2 of Appendix to Chapter 2.
Szetions L, W and O were substantially orranic, = Ths '2' ~roup who

had studiel the orranic im third form .hen they were mob working

arzinst the cloeck ha? fower 1if“ilculties than the 'I' sroup who were

7.3, and each time difficulty was xeported. In an zarlier



doing the work in fuurth yeaw immedictely before ihe '0" ~raie evamina-
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21 omimion from universits students indi-

. - . K 1 . N FEN N e . - 4
crmonle uart of the ecourse was the ares most likely o

be omittel or to he covered hurriedly by trped hand-ouis en? little or
no exnerirnental work. nilar information frow teachera! meetin-s

' 3 e PRI 2

tended to corrohorate this.

N aymYT AT - Ay \ -
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The 'O Grade part of the course had a high topiczl interest value

.

sinilar to that of corrosion in the earlier nart of the course and few
of its toniscs were revortel to he a3 difficult a3 nmany of the topics
discussed earlier in this chapter.

The thi-king thiouvchout we3 eszsentially concrete helpad by three
5 and 2 larene experimentcl content, The basic ideas
were easy %o visualise - chains bzins nroareszively len~thened (homo-
:1o#ous geries and polymerisabtiorn), shortened {cracking hydrolysi

.

' . ! . .
and depoly merlsatloﬂ) and corted into len :th (distillation and chrona-

ttorrathy). . The reported difficulties had the comron elemert of con-
sdensation or hydxoiysis - Hl hydrolysis of carbohydratles) ( aster
?ormation), N§ (fzts and soaps) and © (coﬁﬁens;tlon golymnrs). This

was further exemplifise? in the '7I' Grade course,

The problem may well have been related once more to formulae and
eguations. Particularly in this awves chenists, for convenience,

tended to write formulae backwards to allow 'lasso chemistry' to be

performed. .
! ; 0
s ==0 4 D . + T0O
AT \ ~o? 2
oy ]. a}_q‘) u.l_



Thareos in the carlier pact 0° thr course a compsund had ona

Sormula (no matter hor 111 understood), in the ovravic ravt, several
formulae were anpavently aduniscible for one com-ound. For exanm~le,
etianol could be shown as:-
7 H
Lo .
T i 53— 07 or SH_ O 0T or 3.A.00 oxr HtOH

o ' 3770 275

or any of these written. in reverae,

The teacher chose a form to make 2 particular point, but there
may have been nuch subsequent bevildermeent varticularly when only one
of these was clearly similar to any model of the molecule which may
have been shown.

An experiment which may shed licht on this is described in

Thapter 2, ». 2.11.

DIFPICTULTINS AR 'TUOAND 'SLYLSY

Thé nroblems at 'H' Grade follow on from thoso.aﬁ 'Gt Crade, for
avamnle, Teat's of Reastion, Tess's Law, ZSslculations of Bond inersied,
values and their use, Amines and Sarbonyl Comnounds.

Trouble wa3 zlso wrenorted in the concent of Jguilibrium. This

ney have neen an exaumple of rew idess beines assimilated into a previous

framevork ~iving rise to fauliy concepts.

The punils previnus ideas of equilibrium have hceen static -~ as
in th y 2.9, a rol baluncel on a fulecrum or a lanina susgpended
at its centre of rravity. In ths czse of $he halanceld rod, addition

of materizl to cre side czused the rod to din towards that side and

renoval of material caused the owvooite operation.
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tentleal eguilibrium sas, on the other hand, dynanic. Yaterial

zdded to the richt of = reaction s2quence coused the reaction to ro to

tre left and vice versza, The anplication of Le Shateliar's "Law"
involved very formal thinking indsed. The problem could have been

made more concrete hy the emuloyment of a dynamic model. 42 Jquili-
thrium situations were also multivariate, to which oomnetiﬂﬁvfactors
of nressure, temnerature and concentration could be anplied. HNot all
THY Grade vunils =t 16+ would have achieved the meczsszary mental
dexterity to cone with these,

At 3.Y.3. level the orssnic was 38ill troublesoe and the new
area of crystzl field theory and its consajuences for colour and
marmetic nroperties ~ave trouhle. Here again veyy formal thinking
was required to hardle the essentially ahstract ideas of nrobability
(orﬁltals), snlittines and the apnlication of Hund's rules
de~enerate situation. Mowever, vupils tau~ht with a model 7~ desimmed

to allow th=m some concrete thou~ht micht have been hetter able to cope

with this area of the syllabus.

SCW3T TS POR UNIVIRATITY

A quotation from Beard's "An Outlina of Fiaget's Develonmental
Psvoholory" o, 115-117 is relevant here.

"It nay well be questioned vhether discussion hetreen purils is
used sufficiently, o~ sufficisntly 3kilf=11ly, in our secondary schools.
Yuch elass discussi~n consists in questions and answers botween)the
teacher and individusl puoils, zn? this may feil to provide the menuine
exchanre of viewnoints meeded for the develorment of lociecul thinking,

3

singe the teacher inevitehly tende to he zecoopted as sn authority.

(9]

Tvan /
ovuan
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Zven abt univ rsity level 4he qnall?y of shudenta' thinkine in LHheir
ovn cubieats way gtill omly nartly attein tha level of formal opera-
itions, desite Fia~et's findioc that thinkin~ 3t this lavel is nor-
mally more flly achideved at sixtesr vears; bhut this seems to have

heen an optimistic concliusion bhased on shtulies of rather feu and

serhans unrenres PﬁtJLiVGVSCﬁplcs of adolescents. Chservations and
experiments by abererombie (1960), =ith first-yeer uni wversity students
in Londo» shoved that aithouﬁh trey were wnll—ﬂfouﬂdei in the faets of
biolo~, »hysics anﬂ.ch@mistry thay were often unzble to use their
information to solve slirhtly unfanmiliar ncooblems or to defend a view
in ar~ument, and they tended to obsarva what tha text-hook s58id chould
be there rather than what was actually on a slide or X—fay. To over-
:come theze deficiences she erperimented with free discussion among

small crouns of students of their ocwn observstions, 8,,1n1tio n3, avalua-

‘ewusation., In this vay they became

ttion of evidence or viaw:

aware, to the dismay of soze of thenm, that tﬁey made unconscious
sumntions, took individusl viéws of the aéme‘evidence or saw Aiffer-

cent features of an exhibit. Subsequently, students wvho ha? taken

part in these discussinns were comnared with those who had attended

(U

inated

QO
B

the mormal courze of lectures and demonstrations: they diseri

better between facts and conclusions, drew Ffewer false ivferences,

considere? mora than ome nolution an? were less adversely influenced

in their avnroach to a vproblem by their exnerience of the pl=ﬁe&1ﬂﬂ

s

one. The discussion method, therefore, onromoted a more scientific

IR TN

attituds by ~ivine rise to more objective and flexible hahaviour than
1id- learning tha facts of scierece hy traditional methods. The innli-
cutions fo- teuchors oF sinth-farn sciendes are obvicus; bat we may

reasonahly /
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re2507ahly asaune that thens findinet hpve goolieations in any sudtect,

or at anr ave, where oviticel thinkin~ i ragquirzd.”

It would also be unzafa to tzke the vier that wrat had been tou~ht
a% schocl was of no conzeguenzoe, Faterial tauvht too soon &t school
may have left an insecurity that sould take a lon~ Sime to rectify.
In Chanter 3, 2.3.8 il was noticed that the comnlairts zbout the 1iffi-

iculty of the Iiole subhzided only at S.Y7.7. 1rval althou~h the material

‘nes in TForms 4 emd 5. Some 'T' ~rade
s p)

oF

~had heen taurht severzl

) e )

and 3.Y.7. naterial, if nob araswned then, could have lon~ lastineg con-

P

:3equence2s for thz universzity ztulent an? his teacher. Svidence for

43

thie is heins sousht by the author in esllaboration vith J. Straiton.

It would therefore sesm to he es3eatial that ithe teachine of
chemistry at all levels should he seen as & whole znd that the effects
of each level unon the others zhould be studied and the findin~s heedsd.
It would also sesm {0 be mecessary to temner the ohjectives of our

courses and their content by a sober consiveratisn of the psycholor~ical

implications of our decisions,



m

(=]

=

‘ew Thinkines in dchool Cheaistry™ 0. 1.7.D., 1961,
"oy Thinkine in e
MAltermative Themistry Syllabuses Grdingwy snd Uirher Cralecs™ -
Seottis™ Zlucation Jensrtnent - Oireulazr 512, Oclober, 1952,
"Jertificate of Jixth Year Stulies - Cheristry Syllabus" -
Seottish Tertificazte of “ducation Examination Board, 19€8.

&)

Scottiszh Certificates of Yducation Ixamination Board - Report

B.%¢, Thesis, University of Glasmow,

r
o)
ct
[@]
=
(-]
N
e=]

]
—
o
3

"o
=
o
o2
—
e
9]
o
-

ixamiration Bosrd - Statistical Reports, 1965 and 1970.
"., Morvison, 7.I., Sharp, D.W.A, - Zlucation in
Chenistry, 1971, 8, 212,

Yowe, 7.V., Johnstone, A.H. - National Ourriculum Davelopment

Centre - Balletin Yo. 1, 1272, p. 38.

In~le, R., 3hayer, M. - Zducztion in Chemistry - 1971, 8, 182.

Visbet, S., Wapier, B.L. - "Promise and Pro-~ress", pp 12, 40, 44 -

University of Glaswow, 1970.

Johnstone, A.Y., Morriszon, T.I. - "Chenistry Takes Shape', Books
I - T and "TeachérS' Cuide™, Rooks I - V - Teinemann.

National Curriculum Develooment Centre - Memorandum ¥o. 2, 1971.

J.0. . ixamination Board - leport for 1971.

Pronosed 'A' Crade Jyllabus in Chemistry - Advisory Committee on

3.0.3. = 3necial Tommittee on TPost-Yirher mxamination - emoran-
:dum to jubject Panels. ﬂ3/’/u§/2, 1965. (Strictly confiden-



N

Wl

%0

pS 3]

foat
.

A\ )

N

s

Y

i
.

Johmstone, aJl., Shary

oo o
de Ll e e

Tizw of

.
fool
»
.

i

i Pusilst

~ R S ol . ¢

Themistey', Cebeber 1270,

~ % BN AT '~ ey e - i . ~ = A - - s -
Jornatone, AJT,, sharp, Do WAL - onTimmsteory Study ", October

1971

Johmstone, AL,

Cetober 1971.

Ciiliesnie, w.J., 'yholn,

T
AJTe, - J.

Johnsione,

Camobell, J.4&., - "The iz

Portrr, G. - "Mhe Laws of Jisorder" - 1.0

Johnatone, AJY.,

Chenical Snectroscony! -

x

Johnstone, a.:

i

Centre - Bulletin To. 1,

Seottish aducziion Devart:
3atis - Fublished by Proj
Shayer, M. -

Fuecational Buildine Vote

Rloow, B.%. 2t al. - Taxor

1 - Zocomative Domain -

Piapeet, J., Inhelder, 3B,
Routledre.

Hewdy, J., Jo™nstome, 4.7
s.1.3. Projact Assessnent

Jhayer, ', 1972,

m«r(1

Lov=1l, ¥. - 3,

/

Sharn, Do A, -

Tem, Jdue.,

sS4 ‘v JOdaY

Jharn, D,

Zduc. in Che

View of 3.7

.Jo,

D 1 fal 1.
1.53., - J.. Crem Jduc.,

1971, 48, T4.

e

T 7 . I
0.5.0.D. 1902, p. 153.

[l
,

Film Library.

-
ol

LA, "A Jorkshest Initroduction %o

Surriculum Development

1572, ».

net - Seience Wewsletter No. 9, 1969.
ach Teohndloﬁy and ¥sso Fetroleum.

n., 1970, 7, 182.

5 To. 5 - Tublished by Ssottish Dducetion

nony of aducstional Obj% ctives dandhook

- "Mhe Grovth of Lorical Thinking" -

- "Pesting the leproducid 11ty of the

03y 583,

-

ol. 1251, 52, 143.



40,

41.

44.

~p

cealin~s, 1.J. - Ldue. Rev. 1953, 15, 194,

Beard, 1.0, - "in Cutline of Figret's Develooneznt-l Paycholosy",
- n. 17 - Routledre.

Jarnduff, J., Tandy, J., Johnstone, A, - Wational Jurriculun
Zevelonment Jentre - Tullebtin No. 2, 1972,

Muffield Trenistry - The Sample Ucheme Stamses I and II - The

Basic Course, n. 323 - Longma ng/ra“ruln.

Johnztone, .., Torrison, T.I, - "Chemistry Takes Shave' Rook
3, Do 14 - insmann.

LlicCarron, J.T. - Un=ublished Survey presented at Lecture,
Univ=rsity of St. Andrews, June 1971.

Jo'mstore, A.M,, Torrison, T.I. - "Chemistry Takes Shape" Book
5, 0. 140 - Teinemann.

Johnstone, AH.,, Straiton, J. - Un
University of Glasgow, 1972.
Gowenlock, RB.C,, Felntosh, D."., la u&lll, AW, - Cremistry in

343.

o
-

Britain, 1370,

Scottish Jecondary 3chools 3taffins Survey - January 1970.



ADTNCEL DA
fMrat of 511 I must me-tinn with eratitude ny hanny association

~itn Frofessor Dow.i. Sharp,
|

Tis eﬁcmu*'"r"rvt
infectious enthusiasm have hean invaluahle.

Mertion must also be made of the 42ht I owe to the Jducation

JTommittee of the Tounty of

L

[nd

2

tirline who released ne on

three years

secoadnent to unlertake this work and to the Rector, staflf and oupnils

of the Tish Lehool of Dtirling who made me welcone durine my work

Throu~hout the experimental work ambodiel in this thesis the

aszistance of many paoole has been eizential, I wizh to thank &ll
+the Directors of )

Aucaticn, Headmasters, teachers and pupils who have

so readily co-operated in surveys and experiments, Thanks are also

due to the atudents of the Universities of Glasgow and Strathelyde

and to members of the staff sho provided experimental and clerical

facilities. Tarticular mention nust be mode of Dr. T. Soutar of
Jtrathelyde who acte? 23 the link th“ that university.

i are Ad ™., . N " I
Ty thanks must also be resorded to Miss K, Urquhart +ho checked

tre shatistical vork

3 to & wmumber of nostborad

halned me to oift the hurse ancunbs o

2 = embhodied in the surveys-
cnd transfer 4% to purch card. These are Miss D. Leott and Vensrs

e Orawley, T, Iidd, . Paterso~ and Y. Tennant.

Thanks are duve to Jr. J.0. 3ime of the University of Clasgow who

helped gith the computin~ cide of the work



Jies weve 2indly nrovided by esers

TuJ. Viilne and I, Ti1lan of the dmamingtizn Roard ard Scottish

Auca tion Departrent materials by A.V. Jeffrey, T.ELI.

Grateful acknowledrement is made t6 Lthe JScotthish Zducation

Jdenartment for financial supvort throushout.

&
=
e
2]
*_l.
fnad
-
\O
N
(V]




