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(i)
ABSTRACT

The difficulties existing for many pupils in the areas of 
formulae and equations and the belief that many of these problems 
were due to maturity barriers, led to the inauguration of this study 
in 1970.

A preliminary survey was made of the situation extant in 1970 
concerning these topics. This revealed a very confused picture 
with wide variation of teacher approach. The most obvious problem 
was one of over-complexity in formulae and equations. Teachers were 
teaching with little or no regard for the developmental ideas of 
Piaget et al.

This problem was investigated at school level by a test based on 
a Gagne net for the writing of formulae and by a questionnaire. This 
test was examined in depth and confirmed the indications gathered in 
the preliminary survey. Pupils did not appear to reason logically 
when writing formulae but rather committed certain common formulae 
to memory, and failure at one step in the thought process did not 
appear to affect performance in the next. The very high number of 
pupils unable to handle proportion {11%) calculations from equations 
(97$) was disturbing, (the problem may be purely mathematical,) and 
many pupils showed a lack of understanding of even the most basic 
principles e.g. nomenclature, formation,of ions. Pupils seemed able 
to cope with individual steps in e.g. formula writing, but could not 
handle all the material ,fen bloc'* when it was presented in a very 
short time ( 2 - 3  months). This meant that overall performance was 
very poor (28$ correct). A re-run of part of this test confirmed 
these results.

The questionnaire revealed that pupils tended to underestimate 
the difficulty of many topics and that teachers were more consistent 
than them in their estimates of difficulty.



(ii)
The teaching order of the '0‘ grade course in Chemistry was then 

examined in the light of the degree of complexity in formulae and 
equations needed for each section. A revised teaching order, which 
was basically ‘organic first1 was drawn up using the principle of 
gradual revelation of these topics.

To evaluate this revised order a maturity study was set up, 
having both experimental and control groups. The progress of the 
groups was monitored by a series of short tests, the results of which, 
and the 1973 *0’ grade examination in Chemistry were analysed. No 
significant differences were found, but following the revised order 
did not disadvantage pupils over those following the standard orders.
In fact there was some evidence to show that the revised order had 
achieved for these pupils, a higher level of understanding on the 
more difficult topics, especially calculations from equations and the 
mole. They also were more consistent in their level of performance on 
writing formulae.

A detailed analysis of the last test (an overall revision of the 
work) was carried out and showed the same problems as were evident in 
the Gagne study e.g. interpretation of nomenclature such as the 
difference between - IDE and - ITE compounds. Some topics appeared 
to be still beyond the majority of pupils e.g. (i) extrapolation 
from Na^CO^ to Na^SiO^ (12$) (ii) writing balanced equations (20$)
(iii) calculations from equations , (20$).

However pupils did seem to giasp the mathematical rules for 
formulae writing reasonably competently.

A similar questionnaire to that used in the first investigation 
revealed that in general the revised group found the course easier than 
the control groups and that pupils now overestimated the difficulty of 
those topics previously underestimated.



(iii)
A final survey in 1974 showed a situation on the one hand eased 

by the removal of a recall barrier in formula writing and on the other 
worsened by the choice of the correct level of complexity of formulae 
to be used in any questions being left to the pupil.

Recommendations were made for lessening the amount of conceptually 
difficult material (Piaget Stage 3) in the ’Q1 grade syllabus and its 
replacement by work involving lower order skills, including purely 
practical ones*



(iv)

INTRODUCTION
While teaching a group of girls at the lower end of the ability 

scale within a selective school (V.R.Q. Range 105-112) in 1967, it 
had become obvious to the author that great problems lay in the area 
of formulae, equations, the mole and ’ionic' work in general. The 
level of complexity of thought being demanded of these girls appear­
ed to be in excess of their conceptual . development. Consequently 
the course teaching order was drastically changed at Christmas of 
their third year (1967) and subsequently they proceeded on an 
"organic first" approach. Two classes were presented at 'O' grade 
in May 1969 with mixed results.

A. H. Johnstone set up his maturity study in August 1 9 6 9 ^  to 
examine on a systematic basis the maturity barriers existing within 
the 'O' grade syllabus. This, however, did not deal at all with 
formulae,equations, the mole and calculations, concerning itself 
with the 'ionic' work such as redox equations, conductivity, pH etc.

The culmination of much discussion during 1969/70 was that a 
study should be set up to examine the position of formulae and

(2)equations within the context of the S.C.E.E.B. 'O' grade Syllabus . 
This present study was inaugurated in June 1970 and set out to:-
(1) consider the present situation on formulae and equations 

from the teachers standpoint,
(2) examine the problem at pupil level,
(3) conduct a maturity study by devising a revised teaching order 

to place difficult conceptual material, including formulae 
and equations, later in the teaching order, and subjecting 
this to evaluation with as wide a group of pupils as possible,

(4) make recommendations for any future revision of the S.C.E.E.B.
(2)'01 grade syllabus .



CHAPTER I.
GENERAL INTRODUCTION AND PRELIMINARY REVIEW 

OF THE SITUATION IN 1970
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Situation Extant in 1970

The alternative 101 grade syllabus in Chemistry first published
(3) (2 )as Circular 512 and revised-in 1969 > had been accepted so

readily by teachers that within eight years the traditional syllabus 
had ceased to be examined. This brave new world of Chemistry 
teaching, which admittedly had arisen from the teaching situation^ 
was not without its problems.

Objectives for this ’O’ grade course were drawn up (retrospect­
ively) and they include, at the cognitive level (as described by 
Bloom et al'^').
Pupils should acquire in knowledge and understanding.
1. Knowledge and understanding of various symbols used by chemists 
with particular reference to their application in formulae and 
equations.
2. Understanding of the quantitative implications of many chemical 
symbols and formulae.
3. Ability to carry out relevant calculations based on formulae 
and equations.
l+o Knowledge and understanding of systematic nomenclature as 
applied to chemical species.
5. Knowledge and understanding of some fundamental concepts in 

chemistry.
6. Knowledge and understanding of the chemistry of certain elements 
and their simple compounds.
7. Knowledge of some industrial processes in chemistry and an 
understanding of their significance in everyday life.
8. Knowledge and understanding of various chemical processes and 
their effects in everyday life.
9. Understanding of the chemist’s ability to produce new compounds 
of desired structure and properties.
10. Ability to find, use and apply various types of information 
from a range of sources.
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11. Understanding that chemical information can be classified in 
various ways and an ability to make use of some of these.
12. Ability to follow and criticise arguments about chemical ideas.
13. Ability to consider experimental evidence in terms of hypotheses
and “models’* (a) theoretical and (b) physical - both in two and 
three dimensions.
14. Ability to apply acquired knowledge and understanding to 
unfamiliar problems.
15. Ability to design experiments to check predictions and hypotheses 
deduced from available information.
16. Knowledge and understanding of the importance of observation 
in an experimental procedure.
17. Ability to assess the number and relative importance of
variables in a situation.
18. Understanding of the use of controls in an experimental 
procedure.
19. Understanding of the limitations on accuracy involved in 
physical measurements.
20. Knowledge of laboratory equipment and skills sufficient to 
enable experimental procedures to be carried out adequately.
21. Knowledge and understanding of the reasons for carrying out 
appropriate safety regulations in the laboratory.
22. Ability to record and present information in various ways 
including graphical and diagrammatic representation as well as 
written statement.
23* Ability to apply scientific methods to other fields of 
experience.

It would appear that nearly half of these objectives - 1, 2, 3, 4>
9, 12, 13, 14, 15j> 17 - require conceptual . thinking at least of the

(6)stage 3(a) level as described by Fiaget .
It will be shown later that this level of development is not



1.03
reached by the majority of our population until 15+•

That the pupils were failing to achieve objectives 1 and 2,
(7)was evident from the annual reports of the S*C*E*E*B* ' for 1967,

68, 69f which all draw attention to the inability of many candidates 
to write formulae and equations correctly*

With the switch of emphasis from "rote-learning11, which so often 
was the approach under the old traditional syllabus, to the more 
enlightened way based on progressive understanding of the principles

(s)involved, memorandum-No * 7 had been issued by the S*E*D„ Its 
purpose was to "examine the significance of symbols, formulae and 
equations in the teaching of modern elementary chemistry", and it 
has had considerable effect in influencing the development of these 
topics in Scottish schools* It is relevant at this stage to examine 
this document in some detail*
(l) Symbols

The recommendations were that two interpretations be placed on 
a symbol*

(a) ltit is a shorthand way of writing the name of an element 

and simply means some of the element and pupils might be allowed 
to use symbols in this way in description of reactions*"
(b) "in a balanced equation it may mean 1 mole of the element* 
Similarly in the equation

Zn + 2HC1 — >  ZnCl2 + ^

2HG1 stands for 2 moles of hydrogen chloride*"
Later work will show that pupils cannot interpret symbols 

correctly do not make the distinction between "some" and "1 mole", 
and that they do not appreciate the need for, or always recognise, 
a balanced equation* This is summed up in a previous paragraph in 
the memorandum (P*3 *) o

"The logical conclusion is that it should be permissable for 
pupils to use symbols instead of names in description of reactions,
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PROVIDING THEY KNOW WHAT THE SYMBOLS MEAN."
(2) State Symbols

“Unless it is immediately obvious it is useful to add subscripts 
to the symbols to indicate the state of the substance concerned.11

Later work will show that in fact state symbols appear to serve 
only to confuse the issue.
(3) Significance of Formulae

(i) “The formula of an ionic substance may be written indicating
the charges on the ions.
2+  2«Zn SO^ ^  is solid zinc sulphate, anhydrous, or 1 mole of 

solid zinc sulphate, anhydrous. The presence of the charge 
indicates the ionic nature of the substance.11
(ii) “The absence of any charge in a written formula indicates 
covalencyj ILjSO^^ represents covalent sulphuric acid,“
(iii) “in a medium in which ionic substances can dissociate,
2+ 2-Zn SO. is not a possible species. In water this can only 4

2+ 2-be represented as Zn^ j + ^^(aq) an(̂  wou-^ mean Zinc ions
and sulphate ions or 1 mole of Zinc ions and 1 mole of sulphate 
ions.“
(iv) “Although this is undoubtedly the most accurate way of 
writing formulae, it must be left to the discretion of the 
teacher when to introduce these conventions.1*
Even though the memorandum did raise the possibility of doubt as

to the type of bonding in compounds such as aluminium chloride, many
teachers stuck rigidly to (i) and (ii), some going so far as to mark
a ’covalent* formula for an ’ionic’ compound as wrong e.g. ZnSO.4
would not be acceptable. It was suggested that ZnSO might well be4
regarded as representing Zinc sulphate if it was clear that it did 
not set out to show how the substance was made up. Bearing in mind 
the recommendations as regards symbols, there can be little justifi­
cation for even contemplating using formulae to convey complex
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structural information for inorganic/ionic materials e.g.

tc(V)g [
especially when it should be

[cu(iy» J  2+ [ s O ^ O )  ]  2"
Formulae which are derived by analysis, were first used to

convey stoichiometry rather than structure, and this is surely the
level of approach needed for the majority o.f school use. The only

2+ 2-need for using even Zn S0^ would be when reactions involving 
individual ions are being considered in detail.

In the words of the text - “A fair amount of chemical knowledge 
must therefore, be assumed before the universal use of ionic formulae 
could be expected. In addition, it may serve no useful purpose 
to be so precise.11

The problem area of ’organic' found by A. H. Johnstone in his 
w o r k ^  might well be due to the paragraph

'*for certain purposes it is satisfactory to write the formula 
of ethyl alcoiiol as C^H^O, more often it is useful to write it as 
CgH^OH and OCCASIONALLY it MAY (capitals mine) be desirable to write 
it as CH3CH20H.»

In organic chemistry where so much of understanding can depend 
on understanding of the correct structure, and where formulae can be 
deduced in a semi-concrete fashion, using symbols and bonds, it is 
surely ESSENTIAL ALWAYS to write ethanol as either

H H
i i

H - C - C - O - H  or CH^CH^OH
H H

in the formative years.
Later work will show that although technically more precise, 

pupils have greater difficulty in handling information when it is 

presented in the form suggested in (iii)•
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The memorandum did suggest that "these ideas might be introduced

as the pupil becomes ready for them and as the need arises.
Unfortunately when teachers read (iv) this advice m s  often ignored
and pupils were introduced to the most complex formulae at the
beginning and used them for all situations whether necessary or not.

In 1969, the consultative committee on the Curriculum published 
(o)Curriculum Papers No.7 entitled 'Science for General Education,'. 

This listed the kinds of thinking that a pupil could be expected to 
use in his science education, in hierarchical order of complexity

In comprehending 
knowledge

t

In application of j 
knowledge !

i

In analysis, synthesis 
and evaluation of 

knowledge
|

observing
I
i

rearranging justifying
comparing relating assuming
classifying explaining inferring
summarising predicting imagining
interpreting estimating ! inventing
discriminating 1 I

i
discovering

illustrating generalising
extrapolating

•j i

hypothesising
testing and re­
assessing of 
hypotheses
judging

Many of these involve quite high levels of conceptual thinking 
and would appear at first sight to be a goal to aim at for the 
completion of a chemistry course at school level. While seeming 
to accept the developmental approach to child learning -

"It had already been recognised that the original examination 
syllabuses in modern physics and chemistry contained not only too 
much content but also that some of it was conceptually too difficult 
for the stage of development of the children being taught".
- the papers made several statements which appear not to take full 
cognisance of this.
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For example

(i) "there is evidence to suggest that it may be possible to 
obtain, from a much wider band of pupils than has formerly been 
assumed, thinking of a quite highly involved kind, and it may 
be that in the past less credit than he was due has been given 
to the so-called less able pupil, what he may lack in memory 
span, he may not also lack in ability to think."

(ii) "Such results are much better than we had any reason to 
hope for, but justify.'our desire to include objectives of a 
fairly complex nature (- conceptual . material which was rather 
abstract and quite complex; it demanded frequent application 

of knowledge to new situations, sometimes using several stages 
of thought to reach an answer -) for the full spectrum of intake 

at this early,age."
(iii) "It could well be that some at least of any future 
revisions will be towards less demand upon memory and greater 
demands still on the ability to reason,"
It is not surprising then that many teachers opted for the 

"Maximum" from the outset in the hope that the 'few1 would come to 
an understanding later (and anyway the bright ones need the practice). 
As will be shown later, this 'few1 turned out to be the 'majority'. 
Developmental Theory

The work of Piaget^ which has set out in some detail the 
conceptual development of the child through the stages of
(i) sensorimotor (ii) concrete (iii) formal, operations, has been 
examined in some detail by~ Lovell and Shayer with respect
to its relevance for science teaching, Lovell traces the develop­
ment of measurement - essential to any science . and first order 
relations e.g. the basic concepts of class, series, number, length, 
area, time, etc., during the age range 5 - 12(stage 2 in Piaget 
terms)«
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He stresses however, that while such relations are basic to science 
they are quite inadequate for the concepts required by science.

The new skills necessary e.g.
(i) deduction from information given

(ii) setting up a hypothesis, deducing what would happen
if it held true and noting if the facts are consistent 
with the hypothesis 

or in other words 1hypodeductive thought', 
begin to emerge in early adolescence, according to Piaget.

However, Lovell maintains that
"this development takes place at 11-12 in outstanding

pupils and from about 14 - 15 in ordinary ones, although perhaps
rarely or never in the least able".

It must be remembered of course, that all development takes
place over a period of time by the child 'internalising', and that
therefore, many pupils will not have completed Piaget's stage 3
until late adolescence.

It is the 14 year olds' inability to elaborate second order
relations in mathematics, as for proportion, which is the stumbling
block for pupils in the quantitative calculations in many areas of
chemistry, and there is some evidence ^  that this can persist
up to University level. While Piaget puts the full capacity to

(12)deal with proportionality at between 14 & 15, Shayer reports 
that in his experience this might well be a year or two below the 
average in this country. He estimates that we can expect 20% of 
the population to have reached this third stage by about 14 and 
only 3% at about 11.
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It is only when the adolescent has reached this stage of 
formal operations that he can follow the form of an argument while 
disregarding its concrete content. In short he then reasons 
scientifically, forming hypotheses and testing them in reality and 
thought. Although a younger child's thought involves only concrete 
objects, the adolescent can imagine what might be possible. He can 
speculate, and his speculations are governed by logical rules.

With virtually the whole of sections H, I, J, and some of K
(2)of the S.C.E.E.Bo '0* grade syllabus requiring thought at this 

stage 3 level^ it is small wonder that pupils find difficulty with 
these topics when they are presented to them at the beginning of 

Class 3 (i.e. when approximately 1-4 years old).
It is difficult to see which more abstract thought patterns

(9)the writers of Papers No.7 propose to introduce , yet btill
remaining withiil the confines of concrete operations.
Nomenclature

The use of formulae for the communication of chemical knowledge 
is fundamental to the practice of chemistry. The decision of
I.U.P.A.C. in 1962 to standardise nomenclature was a major step 
forward for professional chemists. Its relevance for the lower 
echelons of school pupils is, however, debatable. In its wake there 
appeared various suggestions for the systematic naming of inorganic 
compounds and names such as ’potassium hexacyanato ferrate III1
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appeared on laboratory shelves. The Association for Science
Education published in 1970 a draft of a paper on proposed

(13)nomenclature . Many of these names were highly illogical 
and were as unhelpful to a child learning chemistry as the system 
they were meant to replace. In fact many of the names were 
positively worse than those in every day use. At least these had 
the advantage of being in common use in industry, even if not always 
systematic. These ideas served only to make the understanding of 
formulae and nomenclature more dependent on Stage 3. thinking and 
hence less understandable to the majority of Class 3 pupils.
Teacher Reaction

As has been said above, many teachers opted for a “maximum 
always" approach and this led to the production of notes such ass-

a)
Associated ions in compounds
\ Ionic compound SOLID 11 SOL&TIOI 1
Magnesium bromide **(.)* o'—» 

1 
CO  ̂

*

2Br(aq) '

: Sodium hydroxide * ( . ) * 0l̂ (s) la / \ + 0*i7 \ (aq) (aq)

Hydrochloric acid ^taq) + 01(aq) Dilute
1 Mitric Acid Htaq) + W 3 (aq) Acids

; Sulphuric acid
•

2H(aq) + S0T(ac)

Hydrochloric acid H(l) + C1~(l) Cone.
Mitric acid h (d  + (x) Acids.

/
' Sulphuric acid 2h (d  + ^  (D»*

2+* some writers prefer Mg 2 B r ^
** some teachers prefer ELjS0̂ .jj

/ these are all ionic to (different extents and (l) should

differentiate the concentrated acids from the dilute acids (aq).
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(ii)

Equations should now be written in the following final form 
e*g* for addition of a solid carbonate to dilute hydrochloric acid,
(2Ha* ♦ C0p (s) ♦ 2H}aq) + 2Cl^q) C02(g) ♦. 8,0 ♦ 2Na}aq) ♦ 2Cl“aq)

(iii)
Get the class to write some formulae e*g,
(Na+ + Cl")(s), (2K+ + S=)(s), (2A1+++ + 30=)(s) .

The situation is aptly summed up by a college of Education 
Lecturer in Chemistry who wrote in 1969

MI do not think it is very important what one teaches on these 
points (formulae, state symbols, etc*) but for the pupils sake I 
think that all the Chemistry Staff in one school should teach the 
same system1*.
Summary

In 1970 the situation was a very confused one -with on the one
side, official publications apparently advocating complexity and on
the other, some teachers becoming more disillusioned as they tried to
teach these to their pupils*

If the theory proposed by Gagne, the basis of which is,
,rthat any piece of knowledge can only be acquired by people who
possess certain prerequisite pieces of knowledge which have their

(15)own prerequisites in turn* (White ), is relevant for the teaching
of formulae and equations, then in the light of the work of Piaget 

(6)et al , it is not surprising that pupils find great difficulty in 
these topics*



CHAPTER 2

PHASE I - GAGNE STUDY AND ATTITUDE QUESTIONNAIRE
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Introduction

Much stress has been placed in recent years on structural learning
(q)e.g. Curriculum Papers No.7. 7 The learner is seen as a logical

thinker, progressing from one step to another in a fashion similar to 
Euclidean geometry. It had become evident from teaching ordinary mortals 
at the SIII and SIV level that many of them had not reached the level of 
conceptual . development necessary to handle adequately the work on 
formulae, equations and calculations, especially those involving pro­
portion. Many of these pupils then seemed to revert to straight learning 
and recall in what has been described as "parrot-fashion”, with all its 
accompanying pit-falls.

Many teachers in trying to overcome this problem had devised various 
teaching schemes and formulae presentations of varying degrees of com­
plexity. The fourteen different ways of writing calcium chloride produced 
at a recent conference ^  bear witness to the lengths of ingenuity to 
which teachers had been stretched. The conference was of the opinion 
that contrary to popular belief, these served only to make matters worse, 
being in the main too complicated for straight recall to give a reasonable 
degree of accuracy, and conceptually beyond most 1U year olds.

It has been the experience of those involved in the teaching of 
these topics, that a class can, on one day, seem to have grasped completely 
all the ideas, writing even the most complex formulae. However, on the 
next day, they perform abysmally even on the simplest test. Retention 
then>seems to be a major problem, especially with the academically less 
gifted children.

These problems needed examination on an organised basis. It was 
decided as a preliminary step, to test pupils from various schools using 
a step-wise Gagn£ apprcach.
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Experimental Design
(1) Construct a Gagne net for the steps involved in writing binary 

formulae e.g. (HG1 CO^ etc).
(2) Construct a structured test on Gagne lines to break .'down' formula 

writing into sequential steps and see at what stages in the thought 

processes most difficulties occur.
(3) Analyse the results, compare them with the Gagne” net and draw valid 

conclusions.
(4.) Construct a questionnaire to test pupil and teacher ideas of 

difficulty among the topics of formula writing and equations.
(5) Analyse the results and correlate these subjective results with 

test results.
(6) Conduct a series of 1:1 interviews with pupils as they work through

/
the structured test^in order to establish whether the Gagne net 

used in construction of the test^is in fact a fair representation 

of the steps followed by pupils when writing formulae.
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Selection of Schools

To test these ideas a number of schools were approached to parti­
cipate in a structured test* The schools chosen gave a fair represen­
tation of types of schools in Scotland, population distribution and about 
500 pupils*

The following schools actually took parts-
School Number School Type

1 6 year selective in Central Scotland *
2 6 year selective in developing industrial area.
3 6 year comprehensive in Glasgow overspill

area with poor intake*
U 6 year Roman Catholic Comprehensive in Central

Scotland,
5 6 year comprehensive in large city - with

average intake,
6 6 year comprehensive in large city with good

intake,
7 6 year comprehensive in rural area.

This gave a total of 513 pupils* No detailed information was 
available on the spread of abilities within the schools. The comments 
made are based on either personal judgement or consultation with the 
Principal Teacher of- Chemistry concerned.
Construction of the Test

A Gagne type flow diagram was constructed for the learning steps 
involved in writing formulae. This is given in diagram 2.01*

The first 17 questions of the test were then constructed, structured 
so as to separate these learning steps. Questions 1&-26 x̂ ere added to 
investigate the pupils1 grasp of the mole concept, equation writing and 
calculations arising from equations.

A rough draft was sent to schools for comment and modifications were 
made in the light of two suggestions received. The complete test is 
given in Appendix pages A.2.01 - A.2.04*
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Diagram 2.01
Gagne net of learning steps for vriting formulae.
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2.04
Details of Test Construction

Although it would have made detailed examination of the results very 
much easier, an objective test type layout was rejected for two main reasons
(1) In a logical sequence each step should be dependent on all the previous 

steps.
(2) When the correct answer is provided it would be impossible to separate 

recall from recognition.
Where the object of the investigation was to test logical thinking, 

relevant data were provided, so as to cut down the amount of recall to 
a minimum.

Pull details of the reasoning behind each question are given in the 

appendix pages A,2,05 - A.2,07.
Administration

Copies of the test were sent to schools in January/February 1971,
to allow all the schools involved to have time to complete teaching of

(2)sections G, H, I, of the *0* grade syllabus and to have a few months 
for practice. All pupils following an S.C.E. Chemistry course in S3II. 
were asked to complete the test with the help of a Periodic Table.
Checking and Correction

Teachers sent in the completed tests and they were numbered to make 
school identification easier. (These numbers are given in appendix A.2,08) 
They were then marked individually and the information transferred 
manually to punch cards. (The marking scheme is given in appendix poA„2.08- 
A.2.09). One set of cards was punched, one card for each step, showing 
mistakes as holes, and a second set showing correct responses as holes.

By this method each pupil occupied the same position on each card and 
comparison between questions could be made by optically comparing the 
coincidences of holes between cards. See diagram2.02 — 2.03.
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m  s î bi BB CD BB in to <=> ? BB BB CD BB l-s © r— CO © 3
BB s? — ft-l CD BB to CD K **■ BB CD UD © oo CD s?
b i s — BB CD UD to 0 3  — mb CD UD © •— oo cn 3
M l £ M i CSI CD BB UD to BB CD bb UD © GO CD ft
M l S M i csj BB BB UD to o  *  - CSJ CD ^B UD © CO © 3
<=> ftflB cs- CD BB UD to © S* BB fsj c BB UD © CO CD ^
,<=> 3 M l "SJ CD UD to cd J M i csj CD UD © oo ©
M l 7 M l csj BB nr un to o  ? - CSJ C~ nt UD © oo © 7
M i V M l Cv BB nr UD to o  ft BB CSJ BB nr UD © c. oo OP ft

* M i 7  bb csj BB nr BB to 0  7 .— Psi BM nr IP © © © .ft

tn bb s IB <s 1 BB nr BB to CSI BB nr IP © r—■ oo © ft

p3 M i 9 M i iM BB LO to o  5? — BB CD Ml UD © c- oo ©

p3 M l $ H i BB BB UD to M  » — <SJ BB UD © oo © ?

s ■■i » m i csi CD UD to CSJ CD yf UD © •s. oo © 5

vQ m i $ m m CSI BB «**• UD to CD — CSJ CD UD © © © ^

jz o CSJ Mi M UD to O — BB Ml Mi UD © © © se

M i ? — M i CD -«t UD to 0 5  — BM CD nr l_D © no cn 5

BB « ^B Csj iM BB to to © 5 — BB BB bb UD © oo © 5

M l £ IM BB CD UD to CD » M Mi CD bb UD © © © 5

52? CD « IB CVl BB BB UD to 0  5 — mb BB Mi UD © © cn x?

2 M  ? IM BB BB UD to BB ? — csj BB UD © C~ © cr> 7

s
M l B ̂ B Csj CD bb Mi to CD P — Csj CD M i © f— © © K

csj BB bb UD to CD B B Csj CD Ml UD © © © ?fi

pc;

6

BB ft BB CSI BB bb UD to o  * — bb CD IM UD © s. © © ft

cd # w m BB CD mb CP . CD £ — BM CD •«_ UD to, © © £

CD £BB BB BB BB BB Mi O |Q ^ BB IM Mi BB © © © ^

bo
M l S BB B ii CD UD to © 3C — BB CD BB UD © © © s:

i

£S
a  R M i csj CD BB Ml to •

JLA M i q — CSJ CD Mi UD © r—» © © q
W

BB ft M i M M i bb BB to
cP

cz> q — cs- BB BB UD © © © ft

x} C o  d; M i CS| CD m i CO H
o

cd 5 BB CSJ BB UD © » © ft

te «sj CD *3- IB UD Li CO Sc? «— BM CD BB © © s

2; BB r  M l csi CD BB BB to g CD ST — MB CD B I BB © « ©

+ CD £ M l BB CD BB UD to o  £ BB M CD UD © © © 2°

f̂ . OJ CD £ BB Cs' BB bb BB to
c\ co £ BB bb BB ST UD © © © r"

id BB £ M l csj CD BB UD to i**4 CD £ — CSJ CD Mi UD © © © ^

CO o BB £ M i CSJ CD M i UD to o © £ BB CSJ CD Mi UD © r" © © £,

&q BB X BB CSI IM BB to cd CD X BB csj Mi *T UD © ----- © © X
f t U M i £ ~- CsJ BB BB in to o © c — mb BB IM UD © © © 7.

o o M  ft BB CSJ CD IM UD BB © ft ^B CSJ CD iM BB © © © ft

w <H BB ~ BB CSJ BB ■D- mb to <H © BB CSJ CD iM UD © oo © "

Lm
«d

M i £ BB ^B CD m i UD Mi o © £ BB BB BB BB UD w m © © S?

E
BB - BB BB CD • M i UD to

id
© £ — Csi CD BB UD © © © 2?

Ek
t- i IM £ M i csj CD IM Mi to © £ — CSI CD BB BB © © «
M 2 M l - M i csi CD l/D to rH © D — mb cd UD © © © -

E BB ? BB BB bb in to g © £ — CSJ BB © r- © ©

to
M
o o  *£? BB ' fSJ B i bb UD to s MB 'C BB CSJ CD iM UD M l or* © £>

BB 2 BB Csi CD M|
bb © 2 — UD © fs © © T

rJ CD C3 BE BB CD BB UD to U
Pk

M i s BB BB CD T̂ UD M i © © r?

BB ft BB BB bb UD to © £ — csj BB nt UD © GO © ft

o • M i " BB IM bb bb UD bb . BB “  — BB BB nt UD BB GO © “

K> MB ? IM BB CD mb UD to © a BB •SI CD nr UD © GO ©

K o  « — M i CD m i UD to M i «. — csj CD BB UD © GO © ^

© •» —. CM CD M i UD to © «* — CSJ CD UD M i GO ©

jjjfj • BB ~ — bb CD BB UD BB • © - — BB CD BB UD BB r~~ GO © -

H +> BB -  BB csj CD ’■C mb to +» © «c — ru CD BB UD BB »S- © cr%

O Q BB *•■ MB CSJ CD BB UD bm W BB BB CSJ CD nt ir» BB ©

W <D BB «* BB BB CD mb UD mb <D © <• — fsj CD Ml UD Mi c« © cn »*

Pk I © ri MB BB CD st UD to © n «— rsi CD UD © p̂- © cn

to BB BB BB CD nr UD to <3? BB — CSI CD ■fC UD © © © -

M  - BB BB BB BB n to © - BB Csi CPI ■■ UD © © © -



2.042

DIAGRAM 2.CT5

*

Ph

&
©
>0
*
1 
& 
a
q

S  — c m CO *r uo (JD O0 cr> s
o r  *- CNJ 0 NT UD CO PS oo 0 r
0 w  — CSJ H UO CO c- oo 0
c d c  — Csj H I «r uo UD r-. ao 0
w m IP — CNJ CO n t uo 0 OO 0
CD ic — cv» CO UO <J> rs. cr» 0 >r
w m «  — c m ro uo CO r-» oo 0
C» ft — CM H *T uo CO r— CO 0 -
o c? •— CSI ■ ■ uo CO t— 0 0
CD c CSI CO -■T H I to fs» 0 0 =
H I C  — Csi CO n t H CD 1— oo 0 e
O s  H i M l CO *T uo CD f— oo 0 S
e» S  — H H CO m m Uo cn .S“ no 0 y
o 5  «— CSI CO nt uo cn CO 0 7
CD $  — B H CO n t UD 0 r-s oo 0 y
■ 1 i8 ■ ■ ■ i CO n t UO 0 -s- oo 0
o ' 3  — CSJ 0 n t UO 0 rxr> 0 5
CD Q  — H i CO ’JO 0 ~s oo 0 7
O a  — CM CS H I 0 0 0 rj
CD 55 p— ■■I ro set" uo 0 *s- oo 0 :?
O S m w co H i uo 0 "s oo 0 s
CD s  — Cs| CO nt uo 0 PS oo 0 .n
O s  — H I CO nt uo 0 p— oo 0 y
■ ■ JS B H Csj cs H uo 0 *s- oo 0 7
o *  — Csi CO H i uo 0 oo 0 J8
o ft Cs. C"- w m uo 0 p— oo 0
CD 3  ■ ■ Csj C-' nT uo 0 *— ■ oo C-
CD 7  ^ Csj 0 tT uo 0 oo 0
CD »> n Cs; ■ H ■*r <rs 0 --- oo --
0 ? — (N mm u^ 0 ĉ . co 0 ■=
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Results

Pull details of results are given in appendix pages A.2.10 - A.2.14). 
Percentages quoted were calculated from the total population (513) 

unless otherwise stated (see appendix pages A.2,15 -}A,2*l6)
Correlations between cards (each one containing one item of infor­

mation) were examined to try to establish the existence of logical thought
patterns and the break-down points within these patterns, as outlined in the 

✓Gagne type flow diagram.
Whenever a question involved multiple answers, it seemed reasonable 

to make allowance for what might just be a slip in answering. However, 
it was also felt that competence should be shown by a reasonable level of 
accuracy. This level could not be constant for all questions because of 
the different numbers of responses within questions and was fixed as follows 

Question Noc of Responses Level of Acceptable Competence

1 3 2/3

5 4 3/4
6 4 3/4
7 4 3/4
8 4 3/4

15 4 3/4
16 5 3/5

17 1-4 3/4
18 4 3/4
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Discussion of Results

1. Question la2 Ref. Numbers 1,2.

1. What are the three main particles in the atom?
2. Which of these is mainly responsible for chemical behaviour?
As expected pupils are competent in these basic recall questions.

2. Questions 3^4 Ref* Numbers 3-10*
16 r-----13. The electron arrangement for g0 is (a) 2.4.2.

(b) 2.6
(tick the appropriate box) (c) 2.8.6. ____

(d) 2.8.4*2
4,. Atoms seem more stable when they have a completely filled out­

side level (shell) of electrons.
l6The g0 atom might achieve this b y ................. two electrons

with another oxygen atom or b y ................. two electrons
altogether.

(ii)

(iii)

Atomic
Structure

ss
of electrons

(Ci)
gain/lo

(Gc) 
Sharing of 
Electrons

Electronic
Configuration

Step %

(a) failed (i) 27
(b) failed (ii) 38

(c) failed (iii) 29
(d) failed (i) passed (ii) 63 )
(e) failed (i) passed (iii) 46 I °/o cf (<*>

(f) failed (i) passed (ii) & (iii) 37 1

(g) failed (ii) and (iii) 13 °fb of (M
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(a) This may be caused by a lack of real understanding of A causing

16misinterpretation of g0
(b) - (e) The ionic path seems to be better understood^but any differences 
may be due to bad wording in Question 4.
(f) This may be due to efficient mechanical use of the Periodic Table. 
However, as only 57$ of all pupils had both (ii) & (iii) correct, this 
is not functioning at an acceptable level.
3. Questions 5*6 Ref. Numbers 11-16: 81-83;

5. Complete the following table
Atom k

Electron Arrangement Valence No. (Valency)

iH
6C
8°
9F

69 Using the information in the table above write the formulae for
(a) Hydrogen fluoride  ......
(b) Carbon hydride........ .....................
(c) Hydrogen oxide........ ............ ....... .
(d) Carbon oxide ..•••••••••.... ......

(iii)
(ii) Mechanical

RulesElectron
Arrangement

Atomic
Structure

Formulae
(Covalent)

Valence No 
(Valency)

Step $

(a) failed (i) 22
(b) failed (ii) 20
(c) failed (iii) 22
(d) failed (i) Passed (ii) 37 } %  of to
(e) passed (i) (ii) & (iii) 35
(f) wrote formulae correctly 43
(g) method for formulae correct 20
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(a) Approximately the same as in (2) above.
(d) This is probably due to mechanical use of the Periodic Table.
(e) (f) (g) As more pupils can write formulae correctly, or have the 
correct method, than managed steps (i)* (ii) & (iii), it seems that most 
pupils rely on mechanically applying rules based on position in the 
Periodic Table, For 37$ of pupils to be unable to apply these rules is, 
however, not an acceptable level of competence.
4* Questions 7.8. Ref. Numbers 17-25

7* What elements are present.in-each of the following compounds?
(a) Hydrogen sulphide  ...........
(b) Boron fluoride
(c) Phosphorus oxide
(d) Silicon hydride
With the help of a Periodic Table write the formulae for the 
four compounds in question (7)*

TIJ
Nomenclature 
(Binary Compds)

B>
Elements
Present

(iD
> ■CMechanical rules

(c)
)— > — >®OFinulae

(covalent)

Step %

(a) failed (i) 30

(b) failed (i) because put in oxygen 75
(c) failed (ii) 67

(d) failed (ii) but had correct method 52

(a) & (b). It is not unnatural that pupils find difficulty in writing 
even binary formulae when so many can not correctly establish what elements 
are involved. When three quarters of these pupils have included oxygen, 
it is probable that the difficulty arises because of confusion with — ITE 

compounds.
(c) & (d). These levels of competence are unsatisfactory. Later work 
will show that before encumbering pupils with other more difficult compounds 
they could achieve a far higher pass rate, in writing binary formulae.
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It is surprising that 13 pupils managed step (ii) successfully but 

could not manage step (i)0 From the compounds used it would not appear 
that this is recall of known situations» The chance of non-validity of 
the test can not be overlooked of course.

Questions 9.10. Ref. Numbers 26-31.

9. If an atom loses or gains electrons, it will become a charged 
particle (an ion)

e«g« llNa
2.8.1

11
2.8
Na+ + e"

Complete the following, by filling in the spaces marked with 
an #

17Cl + Cl#17
2.8.8

10, In an ordinary compound the total amount of positive charge will 
equal the total amount of negative charge - the overall charge 
will be zero.

4* Me.g. the formula for lithium iodide Li I
The formula for sodium chloride is

(A)
Electron

arrangement Octet
(0)

Charge on 
the ion

(D)
Formula
(ionic) ✓overall\ (iii) jha: ‘ '

Step %

(a) managed to get C 
(br) passed step (ii)
(c) passed step (ii) but failed to get C

(d) D correct
j (e) D correct but C wrong

48
69
40 o &■£( 

80
4.8 *¥ c> o-f (ct)
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(a) This illustrates a fundamental lack of understanding of atomic 
structure*
(b) Presumably efficient mechanical use of the Periodic Table accounts 
for the extra 20$. Very few (38 pupils) managed to work out C correctly 
without step (ii)0 These are probably purely recall,
(c) Writing charges on even simple ions seems to present some difficulty,
(d) & (e) A high proportion of the correct answers to D must have been 
recall, which must also account for the 11$ of those who had C wrong 
arriving at the correct answer to D„
6. Questions 11~1Z. Ref. Numbers 3L-13 : 8^-87

11* Calcium is in column two of the Periodic Table* Write down its 
electron arrangement.

12* How many electrons will it lose to have a completely filled 
outside level (shell)? ••*,,*,****•*••**0*.....

13 * Write down the symbol for the calcium ion a a........
14* Write the formula for calcium chloride.......   0 •••••••••.

(A) u) 1 (B) 1 (ii) ! (C) K 111) ' (D) (iv) (E)
Periodic 1 Electron r Stable h™ "iFormula for ”> — Formula of
Table | Arrangement] Octet] the ion Compound

Step *

(a) failed (i) 22* (* each figure
quoted as a $

(b) failed (ii) 6* of the number
successful at

(c) failed (iii) 44* the previous
step)

(d) failed (iv) 18*

(e) E correct but failed at least 52 °f f> °j' C.ov-r-ec.f'
one of (i) - (iv)

(f) B wrong but (ii) correct 23 ^0 c j" ^ urv-uv-̂ij

(g) (ii) wrong but D, correct 27 °fl> °f , J t''rvTrvŝ

(h) D wrong but E correct 56 0i~ ^ -̂'VTSWJ
Aim
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(a) - (d) As can be seen step (iii) was the most difficult. When 50% 
of pupils fail to arrive at D correctly it is not surprising that 30% of the 
total failed step (iv)•
(e) - (h) For a significant number of pupils* failure at one step was no
bar to success at the next. Certainly recall appears to function better
at step (iv) level than at step (iii)0 A measure of this are the 22 pupils
who had step (i - if) all incorrect and had E correct, and the 8 pupils who
had the previous two questions wrong as well and still had E correct.

It is apparent that pupils find the concept of a positive ion forming
by losing negative particles particularly difficult.

These results might reasonably be interpreted as recall of a familiar
situation rather than a basic fault in the Gagne net.
7o Question 15 Ref. Numbers A8.Z9.

15, By balancing the charges write the formulae for the compounds 
named. USE WORDS AND NOT SYMBOLS.
(Ma gne sium^+) (Sulphate^”)
(Potassium"*”) (Nitrate”)
(Sodium+) (0xide^~)
The first one has been done for you

+ 2—(a) Sodium Oxide (Sodium (Chd.de “)
(b) Magnesium Sulphate o.oeooe.eooo.o.ooe.eo
(c) Magnesium Nitrate ..........e..........
(d) Potassium Sulphate ...o.................
(e) Potassium Nitrate .oooo........*.......

^  overall 
charge = 0 FormulaCharge on 

' ions

37% of pupils could not carry out this operation. This may be due to 
the fact that they had not met questions of this type before. It is sig­
nificant however, that 83% of those who failed did not use the correct method 
i.e. balancing charges - which means that pupils either understood the idea 
behind the question and completed it successfully or they failed to under­
stand the mechanical process of balancing charges. Very few (33) made 

errors in execution.
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17,

Write the formulae for the following ions, giving the charge 
(and hence the valence number (valency)) for each ion#
e<>go Iodide (l“)
(a) Carbonate ooe«.*ooooo«*.„»ooooooBo8.
(b) Sulphate oooooooooooooooo,.oo,oooo
(C) HydrOX3.de ooooo,«oooooooeeooooooooo
(d) Nitrate oo.,,,,.... ...... .....
(e) Ammonium , „,0......
Using your answers to questions (16) write the full formulae 
for the followingo (it is NOT essential to give the charge 
on each .ion)*

e0g, Potassium Iodide
(a) Potassium sulphate
(b) Magnesium nitrate
(c) Ammonium carbonate
(d) Iron (ill) hydroxide
(e) Sodium silicate

KI

6 0 6 0 » e 0 0 0 0 « 0 0 0 0 0 0 0 0 » 0 » 9

(iii)
(A) a) (c) _<^Me chanicar>-Memory — ^— Formulae of S' ^ SN s Rule£x^ y Formulae of
Store ions compounds

A
(B)

Periodic
Table

(ii)
■>

Step %

(a) passed (i)
(b) passed (i), failed (iii)
(c) C wrong but correct method for (iii)

50
50 (of (a))

*/ C, C-f- C

(a) This major hurdle has now been removed by the provision of a table
£l)of oxyanions in the data book supplied for SoC.E. Examinations in and

after 1973o
(b) That only 25% of pupils can proceed both logically and correctly for 
all the steps involved is disturbingo That some of the formulae were 
obtained by recall is apparent (15 pupils had C wrong and D correct).
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(c) Again it is disturbing that so few had the correct method here.
9. Question 17(eL. Ref. Numbers 5A-5rt

17 (e) Write the formula for sodium silicate.

Na^SiO^ correct = I$ (23 pupils)
Na2Si03_ correct by recall = 6 pupils
Misunderstanding of nomenclature = 68$

(i.e. left out 02Qrgen)
If formulae writing is based on proper understanding then extrapolation

to unknown ions and compounds should be relatively easy. The figures above
are indicative of the state of understanding behind formula writing at this
level.
10. Questions 18-19 Refa Numbers 59-62

18. The formula weight of a compound Gan be found by adding together 
the individual atomic weights.
e.g. NaX 23 + 127 — 150
Use the following list of atomic weights to calculate the 
atomic weight of the compounds (a-»d).

Mg = 24-j I = 1271 B = llj H = 1
K = 39? N = 14.5 0 = 16.

(a) Mgl^ oaoe.eoeoooe.o.  ^

(b) B H ......oo........   >
(c) KN02 0 0 . 0 0 0 0 0 0 0 0 0 . 0 0  >
(d) Mg(N02)2 0 0 . . . . . . . . o o . . .   >

19. How many moles (gram atoms) of iron are there in 1 mole of 
Fe203? ............... .

(a) Gould not calculate formulae weights 
(even when shown the method by example) 31%

(b) failed because of arithmetical errors 12%

(o) Do not understand the quantitative meaning 
of formulae. 19%

Cd) Failed when formula weight question is 
phrased in terms of moles. 68%

(e) Had 18 correct but 19 wrong. 6U% *
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11. Questions 2Q~22 Ref„ Numbers 6^-65
20. A simple equation is a summary of what has happened in a 

chemical reaction. Write down in your own words what the 
following equation says.

heat
Nfiu + S ------ ^  Na^S

o o o o o o o o o o o o o o o o o o o o * > o o # o o o o o o o o o o o o o o o o o o o o o o o o o « o o o o e o « o

o e o o o o o o o o o o o o o o o o o o o c o o o o o o o o o e o o o o o o o o o o o o o o o o o o o o o o o o o o

9 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 9 Q Q Q 0 9 0 0 0 4 > 0 0 0 9 0 0 0

21. What is meant by the term ’Balanced Equation'?
O O O O O O 4 O O O 6 O O Q O 4 I O O O 0 O O O O O O 6 O O 6 O O O O O O Q O 6 O O O O O O O O O O O O O O O 0 O O O

o o e o o G o o o a o o o o o e o o o o a o o o e o o o o o ^ o o o o o a o o o o o o o o o o o o o o o o o c ^ o o

22. When is it essential to write a balanced equation?

When 70% of pupils show inability to translate formulae into words
should we in fact write equations using formulae, where words would suffice?

Many pupils do not, it seems, make the distinction outlined in Memo- 
(8)randum 7 between “some" of a substance and "moles of a substance" from 

a balanced equation. large numbers failed question 20 by including 
quantitative descriptions. And yet these pupils also show a lack of 
understanding as to the purpose of balanced equations, when 77% of them 
fail question 22. Many teachers insist on writing balanced equations all 
the time - for practice? - should we not write balanced equations only 
when necessary^to emphasise the quantitative nature?
12. Question 23 Ref„ Numbers 66°»69

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

2Pb(Ky2- - 1 --- ^  2PbO + kN02 + 02
(a) How many moles of NCL would you be able to get from 2 moles 

of Pb(N0jo?3 2' 0 0 9 0 0 6 6 0 0 0 * 0 0 * 0 0 0 0 0 0 0 0

(b) How many moles of oxygen would you get from 1 mole of
Fb(H0,),?

j  £* o o o o o o e e e o o a o e o o

The lack of understanding of the real meaning of a balanced equation 
is emphasised here when 80% of pupils failed to read a number directly from 
an equation. Perhaps the blank space meaning ONE, as in algebra, x means 

lx, causes confusion.
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When the concept of proportionality is introduced, the failure rate 

jumps to 97% - this being the worst for any question in the paper. Even 
of this small number correct 43% appear to have guessed the answer as they 
failed in the easier first part. 93% of those who passed the easy stage, 
failed on the proportionality.

24-. When chalk is roasted, carbon dioxide is produced.
heatGaCO„ -v CaO + GO,-.3  > 2

formula 100 56 44
weight

What weight of C02 would be made by completely roasting 15 g.
of chalk?

This question which has had as much of the chemistry removed as possible, 
shows that 71% of pupils can not manage simple proportion calculations.
This concept would appear to be eithers-

(i) introduced too early
(ii) taught conflictingly by scientists and mathematicians
(iii) taught very badly.

The work of Fiaget ^  would seem to confirm (i) but (ii) and (iii)
(17)are at present under investigation.

Question 23(b) wrong but 24, correct 29%
These pupils appear to have failed 23(b) because of chemical diffi­

culties rather than mathematical ones. For 71% the problem, therefore, 
would appear to be mathematical.
14. Question 25 Ref. Numbers 72-75.

25. Balance the following equations
(a) Ca(0H)2 + HC1 __^  CaCl2 + 1^0
(b) Ca£q) * 2Cl(aq) * Ag|aq) ♦ N0; (aq)

- > < q) + 2N0;(aq) + AS+C1(S)

It would appear that pupils found an ionically written equation 
slightly easier to balance, but this question was very much school biased 
(see Ref. Numbers 72,73).
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Pupils who had balanced a 5 covalent5 type equation correctly could 

Extrapolate5 to an ionic equation slightly better than vice-versa, although 
this again was school biased (see Ref, Numbers 73s74.»),
15 • Question 26 Ref, Numbers 76SO

26, A pupil wrote the following sentences in his note-book. 
Rewrite them using no symbols,
(a) He sprinkled Nad into a beaker full of H^Q,
(b) HgO^i) and M g ^ y  do not react readily to give H2(g)

but when passed over hot it gives

(o) Ag
( g )  a n d  M g° ( s )

N°3(aq) Were added t0 H(aq) + a (aq) to
give Ag+Cl^g) + H*aq) + N0;(aq)

Memorandum No, 7 recommends the use of formulae as ’’shorthand1* 
for names. It is evident that pupils are far more facile with covalently 
written formulae., and that state symbols convey little useful information. 
It would be more effective to write “steam" and not H ^O^,

Covalent
Formulae > A + state 

symbols
(C)

Ionic formulae 
* state symbols

Step (i) 50% failed
Step (ii) further 30% failed

The unnecessary use of state symbols and ionic formulae must be 
questioned at these levels ©f competence. That only 5% of pupils can 

interpret Agj
complication for no good reason.

’(aq) + NOi(aq) correc'̂ 3r is condemnation enough of over=



Attitude Questiormalre (phase I)

At the same time that pupils completed the structured test, they 
also filled in a questionnaire to estimate how difficult they found 
parts of the course0 Staff were asked to fill in a similar one, 
giving two responses for each question - one for how difficult they 
thought pupils found the topics to learn, and the second for how 
difficult they found them to teach*

Copies; of the questionnaires, are given'in Appendix pages A.2.17 - 
Analysis of Questionnaires

The responses were given numerical values as followss-

The Responses for each question were then totalled, multiplied 
by the respective numerical factor, summed and averaged. These 
averages were then multiplied by 20, giving a range of scores from 
20 to 80, median 50, as an indication of the level of difficulty 
found* (SeeAppendix Page A . 2.53.)

Final results are tabulated in Appendix pages A,2*19“A*2o2Q« From 

this«data graphs were drawn showings~
(i) Pupils idea of difficulty

: Teachers idea of difficulty to teach 
Teachers idea of difficulty for pupils to learn.

(ii) Pupils idea of difficulty
actual performance in the test*

(iii) Teachers idea of difficulty for pupils to learn 
Performance in the test.

Responses Numerical Factor

Very Easy 1
Easy 2
Hard 3
Very Hard

from Questionnaire
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These are shown in graphs 2,01 - 2.03.

(i) Teachers generally found these topics easier to teach than 
the pupils found them to learn.
(ii) Teachers'0 estimate of how difficult the pupils found these
topics to learn was generally higher than the pupils own estimate,
(iii) Pupils thought that writing formulae was not so difficult to 
learn while teachers thought this would be more difficult.
(iv) Pupils did not seem to show any special bias towards covalent 
or ionic ideag.

The following correlation coefficients were calculated using *

These good correlations highlight the apparent discrepancies 

at the following questions.

4, Mass spectrometer
8, Electrolysis and conductance by ionic compounds
9, sharing electrons, covalent bonds
11, Binary formulae
14, Formulae with oxyanions
16, Calculation of formula weights
17, The mole and calculations

19, Writing symbol equations,
*  (See A p p e n d i x  Page A . 2.52.)

1 (pupil response V teachers 5to teach’) 0.73
Y 2 (pupil response V teachers ’pupils to learn’) = 0.65

(teachers “to teach3 V teachers ’pupils to learn’) " 0.86

3, Isotopes
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Pupils found 3, 4? 16 more difficult than the teachers thought

they did and found 11, 14, 17, 19 considerably easier0 
.The correlation^of only 0*18 between pupil estimate and actual 

performance in the test (questions 8, 16, 17, 18, 23, 24) was dis- 
appointing* Teachers, correlation^ *70, had a more consistent 
estimate of difficulty* The calculation of formula weights appears 
to cause far less difficulty than anyone estimated* It is perhaps 
significant that those areas which'have caused most problems, viz* 
formulae, equation writing, mole calculations,were all severely 
underestimated by pupils* This would tend to suggest that individ­
ually these do not present too high a hurdle for pupils to surmount, 
but that concentrated into a relatively short period of time, this 
hurdle is well nigh insurmountable by the average pupil in Class 3•

Alternatively, it could be that each step is essentially easy 
but it is the sequence of steps that is the cause of the trouble* 
Re-run of Test*

Some teachers expressed the view that the test itself, mainly 
because it was too long, was the main cause of the poor performance 

recorded*
In order to help try to establish the validity of the test, it 

was decided to run part of the test again, using the same pupils as 
before, and setting the same standard of attainment*
Test Construction

It was decided to use the same items as in the first run of 

the test for
(1) Writing binary formulae
(2) formulae for woxyanions!t
(3) Writing formulae of 5ionic11 compounds
(4) extrapolation i.<5> Na^SiO^
(5) Mole calculation from an equation
The full test is given in Appendix page A,2,21
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Admini stration

The test was sent to schools in May, 1971. Results were 
received from schools 2, 3, 4, 5, 7.
Marking

This was in accordance with the details shown in Appendix page A.2*21. 
Ionic or covalent forms were taken as correct®
Results

Pull details are tabulated in Appendix page A®2®22 as well as details 
from the first test run®

Graphs were drawn of % correct response against question 
number in both tests for

(1) Total schools 2, 3, 4, 5, 7, for Test 1 and the re-run,
and showing performance of the whole group (schools 1-7) on test
1 for comparison*

(2) Each individual schools performance on the re-run.
These are given in graphs 2.04, 2.05. Product moment

correlations were calculated as before.
f ^  (test 1 score v0 Re-run score) schools 2, 3, 4> 5, 7 = 0.81
'Ti (test 1 score schools 2, 3* 4? 5, 7, v test 1 score
' schools 1 - 7 )  = 0.74

Discussion of Results
As pupils were now a little more mature, and would be seeing the

questions for the second time, it was expected that performances .
would improve overall.

They did in fact improve reasonably evenly (1^ =0*81) except
notably on what might be considered the easiest question, that of
binary formulae® Teachers comments suggest the main reason for
failure was the inclusion of oxygen in these -ide compounds.

Pupils are certainly more capable in this small, less stressing

test, of remembering correct formulae for oxyanionsy"but this 68%
recall level does not, it appears, lead to a satisfactory level
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of competence in formula w r i ti n g (49%).

Al t h o u g h  more pupils can now extrapolate to N a 2SiO^ the 

r esponse level of only 19% probably includes an increased number 

of recall answers. The 'mole* p r oblem is still a closed book 

for all but 10% of the population under test.

The smaller group of schools (2, 3, 4, 5, 7,) who completed 

run N o . 2, although scoring less on average in Test No.l than 

the whole group average, correlate highly w i t h  that group, 

(Correlation calculated as average score for schools 2, 3, 4, 5, 7, 

v. average score for whole group for each item.) (r^ =  0.74) and 

therefore can be taken as representative of it. A l l o w i n g  for 

a possible overall increase in performance if the who le  7 schools 

had completed test / run Wo 2  these levels of competence are 

still far from satisfactory.

Va li d a t i o n  of the Gagne Net

A l t h ou g h vali da t io n  of the Gagne" net w o u l d in m a n y  ways 

be beside the point, since the net was co nstructed to represent 

the logical schema w h i ch  teachers tend to a s s u m e , the criticism 

could be raised that using the techniques of anonymous test and 

m ass statistical analysis does not allow any comment upon the 

thought processes of any pupil or group of pupils on the grounds 

that the logical steps proposed in the G a g n e ”net need not c o r r e s ­

pond to the logical steps followed by any individual. A  study 

was therefore necessary to establish wh ether the Gagne net 

composed using those logical steps assumed by a large p r o p o r t ­

ion of teachers and whi c h had been used in the co nstruction of 

the test, was in fact a fair represent a ti o n of the steps followed 

by pupils w h e n  w r i t i n g  formulae.
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E x p e r i m e n t a l  Me thod

A  small group of pupils were interviewed i n di v id u al l y w hi l e

they sat relevant questions from Test 1. (See pages A . 2.01 -

A . 2.04). Question s were asked to elucidate their thought

p ro c esses while completing these questions i.e. to hear these

out loud instead of being dependent on m i s u n d e r st a nd i ng s  built

into the test. The entire interviews we r e tape-recorded and

t r anscribed later. The results were analysed for differences
* /from or similarity to these steps in the Gagne net.

Choice of Pupils

Pupils w er e  chosen

(1) to give an overall spread of ability in chemistry. This

also gave a spread in V.R.Q. of 115 - 95.

(2) from Class 3 and Class 4 to see w h e t he r  any m a t ur i ty
be

difference would^discernable.

These pupils were then arranged in order of mer i t based on

per fo r ma n ce  in chemistry at school level, and given a reference

number from 1 for the most able to 12 for the least able. Pupils 

1 - 7  wou l d be "above the red line" in p r e s e n ta t io n  for ’O' grade 

in chemistry.
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Conduct of the Interview

E a c h  pupil was allowed to proceed through questions 5-14 

and 16-17 of the test (see pages A . 2.01 - A . 2.03) at their own 

pace. The periodic table was provided for questions S-17.

Pupils 6, 8, 11 (Class 3) did not attempt questions 16-17 as 

they had not yet dealt with oxyanions in the ’O' grade course. 

Q u e stions were asked

(i) to make certain of the method or thought processes used 

to achieve the answer,

(ii) relevant to any mistakes that had been made in order to 

find out whe r e in the thought processes the m i st a ke  had 

o ccurred and whe r e any possible barrier existed in these 

p r o c e s s e s .

The pupils were encouraged to think aloud w h il e  answering 

the questions in the test and s up p lementary oral questions were 

o n l y  asked to clarify a particular point w h e r e a m i s t a k e  had 

occurred.

The order of interview of the pupils was random.

Results

A n edited transcript of each interview is given in the 

a pp e n d i x  pages A . 2.23 to A.2.51. The transcript has been 

a rranged so that for each question from the test the p u p i l ’s 

replies are given in the order 1-12. S u pp lementary questions 

or oth e r essential information are shown in crac.’-iets. The tests 

we re  m a r k e d  according to the scheme used previo u sl y  (see A p p e nd i x 

A . 2.08 - A . 2.09). A  table was drawn up showing the performance  

of each pupil, a tick r epresenting success and a cross failure 

in that p a rt i cu l ar  question. This is shown as Table 2.01. 

on  page 2.24.



2.24

Ref.
No. Question

Pupi 1

1 2 j 3 4 5 6* 7 8* 9 10 11* 12
i ....

1 j electron arrangements from 
1 atomic numbers /V'' A  / / / y / y y X X X

2 valence numbers from 
: elecLron arrangements V'

T

1 ■ / . . - j V V. x 1i
? X X X X

{
j 3 binary formulae V7

---!-- "*---
yi y > x y y

---!---
y  x X X X X

j ;
| 4 j m et h o d  for binary formulae y : -i • y ■ y  1 y1

y /i/ y  j y  j y y y  ! y
I5 ; elements present from 

! n omenclature y
j I

s\ A  s y X
i

y y y y y
6 w r i t i n g  binary formulae 

usi n g the periodic table y
i/i si y; i i y y Si s y y y y

; ■ 
7 ;

!
c om pleting the equation

Cl + * C l “* 2.8.8.
y !y y y X

j

y\ x X X X X

j 3 formula for Na~*~Cl y S i J y y !  yi y x J: | y y y
! 9 electron arrangement for Ga ,/ s's\s y y y  jy y y y y
i| 10 Calcium losing two electrons /V j  ■ j '\j  \ J1 j i y j  I /  \ j

i" 1
/V y y

1 11 formula for the calcium ion y ; y j  y j y j  x 1 !
X |X IX

i 1
X X X

' 12 formula for C a C l 2
1 i

/ ! ■' , / v  j v  c' | u y y / ;  r  / i / j /^ , v/ | /s X
\ ' “ ------- ---j 13 Charges on the ions in 
| CaCl2 ■/

■ i , 
S \ S \ S

! i
? X X X X I X

1
X X

i----  ■■ ---
j 14 formulae for oxyanions /V </ i v'/ j v/ A - y yj x - y
? ...I
j 15 charges on these oxyanions /v' y\ xi X y  - X - y  xu .1. ..

- X1. . . . . . . . . —j 16 formulae using oxyanions y y y X yl - y  ■ k ! x X

17 m e t h o d  for w r i t i n g  formulae 
wi t h  oxyanions y y y y !/I -| y - k  x y

18 ext ra p ol a ti o n to N a ^ i O ^ / y y ; - y - yi X ' " x-----
19 j wr i t i n g  formulae by 

! b al ancing charges
y y y y X  | X X  j x  X X X  X!

* Denotes third year pupil

Table 2.01
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An a l y s i s  of Results

The completed, marked, tests and the transcript w er e  

e x a m i ne d  in depth. It is to be noted that the general p e r f o r ­

m a n ce  of the pupils interviewed was higher in certain areas than 

LhaL found previously in the mass sample. (Pages A . 2.10 - A . 2.12)

Ref. number 
(Table 2.01)

%  Success

Interviewed pupils Previous Results

2 53 65

3 50 43

4 100 63

5 92 70

6 100 33

11 42 50

15 44 50

17 ! 90 61

The pupils interviewed were far more facile wi t h the

’m ec h a n i c a l  r u l e s ’ for formula writ i ng  (Ref. numbers 4, 5, 6,

17) but in questions w h i c h  required reasoning through a sequence 

of steps (Ref. n umbers 2, 3, 11, 15) their level of performance 

was similar to that observed w i t h  the mass sample. It is 

possi bl e  then that this small sample of pupils does not differ 

s ig n i f i c a n t l y  from the mass sample tested as regards depth of 

unders tanding.

A  summary of the salient points from the p u p i l s ’ replies and 

tests, compiled by a process of disti l la t io n  from the full transcripts 

is given below.



M o s t  pupils had a good underst a nd i ng  of h o w  to derive

e lectron arrangements from the atomic number. Pupils

10, 11, 12, who did not seem to u n de r st a nd  this pr o cedure

in question 5 were able to write the electron a rrangement

for c a lcium in question 11 and to reason cor re c tl y  w h e n

they w e re  using the periodic table. It is p ossible that

for these pupils there is a lack of
(i) real understanding 

and (ii) the ability to reason through a series of steps

but that this has been covered by the fact that the

perio di c  table provided the initiator for a process of

r e c a l l .

Pupils 1 - 6, 8, all appeared to be able to reason 

through correctly from e lectron arrangement to valence 

number and showed underst a nd i ng  of wh a t was the physical 

significance of valency. The r e ma inder did not appear 

to under s ta n d this. Two used the number of electrons 

in the outer level, two were relying on us in g  the p e r i o d ­

ic table and could not w o rk  it out w i th o ut  this. These 

p oorer pupils appeared to be applying r ot e -l e ar n ed  rules 

w i t ho u t und er s ta n di n g and did not appreciate w h e n  they 

had made errors even when these were pointed out.

All pupils had a correct m e t h o d  for w r i t i n g  binary 

formulae.



Pupils 7, 10, 11, 12 were all relying on p o s i t i o n  in

the periodic table and consequently, not h a v i n g  one,

wrote wrong formulae w hen their m e m o r y  was at fault.

O nly pupils 6, 8, 11 (all of Glass 3) we r e confused

over the -IDE ending but only N o . 6 included oxygen.

All pupils could write binary formulae co r re c t l y  u s in g

the p eriodic table and were all u si n g a set of rules

na m e l y  (i) W r it e  down the symbols
(ii) Write down the v al encies usin g  the positions 

of the elements in the periodic table

(iii) 1C r o s s - m u l t i p l y 1 or ’flip-over' or

'change r o u n d ’.

Pupil 2 appeared to understand the phys ic a l significance 

of these rules while the rest used them as a mea n s to 

an end.

The concepts behind ion formation seemed p a r t i cu l ar l y 

difficult for the poorer pupils. The r e a s on i ng  o ffered 

by these pupils showed a complete lack of u n de r s t a n d i n g  

and the inability to reason in a coherent sequence of 

s t e p s .

On l y  pupil 8 had the formula N a + Cl w r o n g  and this 

because the answer given was N a  Cl . How e ve r  pupils 

6, 8, 9, 10, 11, 12 did not appear to u n d er s ta n d the 

s ignificance of ,or concepts behind,the charges on the 

ions. O n l y  pupil 1 showed u n d e r s t a n d i n g  of the overall 

balance of charges, but most could tie up v a l e n c y  w i t h  

the number of positive or negati v e charges. Most 

pupils treated this as a separate question w i t h ou t  

r el a t i n g  it to what had been given above or in the 

previous question.
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Ref. N o .

(10) All pupils seemed to be able to work out

w h y  calcium should lose two electrons. Pupil 10 

was able to argue logically back from an error.

(1.1) The concepts behind Lhe formation of Ca*”"̂  appeared

beyond the grasp of pupils 6-12. T he y  appeared to be 

r e c a ll i ng  facts or rules and then applying them to the 

p r o b l e m  at hand regardless of applicability.

(12) O nl y  pupil 12 did not write C a C ^  correctly. Pupils

1-4 k n e w  and understood the significance of the charges 

on the ions and ensured an overall neutrality. Pupils 

5-12 m a i n l y  added charges as an af terthought havi n g 

w r i t t e n  the formula using the same rules as m e n t io n ed  

in (6) above, pupils 7-12 getting these wrong. Pupils 

5-12 treated this question as a separate entity wit h ou t 

ref er r in g  at all to the previous questions, they were not 

r e as o ni n g through a sequence of logical steps but we r e 

a pplying rote-learned rules in isolation.

N.B. Pupils 6, 8, 11 are not included in the following.

(14) The formulae for oxyanions are rote - le a rn e d and committed

to memory. Recall of the stoichi o me t ry  involved was 

good a lthough the charges on the ions w ere confused by 

even the bright candidates. These however, tended to 

spot any mistakes and to correct them wh e n  w r i t i n g  

formulae.

(16) Gen e ra l ly  pupils could apply the ' r u l e s ’ correctly

although the poorer pupils tended to get more confused 

w i t h  the ’’cross-over" of combining powers than when 

w r i t i n g  bina ry  formulae. O nly pupil 1 used the idea of 

b a l a nc i ng  charges.
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Ref. N o .

(16) The act of w r i t i n g  formulae seemed to trigger the recall

of the formulae for oxyanions.

(18) All the pupils could extrapolate from C0^~ to SiO^~

except pupils 10,12 who attempted the p roblem as 

a binary compound.

Sum ma r y

(1) Pupils were v e r y  successful in those questions where rote- 

learned rules could be applied. Poorer pupils tended to apply 

these rules regardless of errors committed and tended not to 

r ec o g n i s e  them even w h e n  pointed out.

(2) P o or e r pupils could not cope w i t h  those questions whic h  

n e e d e d  u n de r s t a n d i n g  (Understanding seemed to stop at about 

p upil 6-7) T h e y  seemed able to r ot e-learn a procedure but not 

to fully u n d e r s ta n d the r e asoning steps behind the method e.g. 

the need for a p eriodic table to reason in questions 5 and 6.

This is further evidenced by the fact that on an error being 

p ointed out, Lhey tended to reason in such a fashion as to 

embroil themselves further. In other words they coped well 

w i t h  questions involving Kno w le d ge  or Comprehension so. c ecu J d not 

deal w i t h  those involving A p pl i ca t io n  or Higher Abilities.

(3) W h e n  faced w i t h  a n  application step in a sequence 

m os t  pupils tended to treat this as a separate entity without 

re fe rence to what had proceeded it and applied learned rules 

i.e. Compre.hr ns i on. This led to sequences sxich as:

(i) c a l ci u m w ill lose 2 electrons

(ii) Ca~*~
2+(iii) C a C ^  or even Ca

(3)These terms are used in the same sense as by bloom
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(4) All pupils used the pathway on the G a g n ^  net as indicated 

by

Mechanical
RulesSymboIs

Correct 
N o m c n c 1aturc

Formulae

Use of the
P erio d ic
Table

(5) M or e  able pupils reasoned through the steps.

Valency M e c h an i ca l
Rules Formulae

No. of half 
filled 
orbi tals

(6) The most able pupi Is reasoned Lhrough the sequence

..........-

e Charge on
arrangement ion

O v e r a l 1
7* Valency

Mechanical
Rules Formulae

a lthou g h they too used ’learned r u l e s ’ possibly for speed and 

c o n v e n i e n c e .

(7) There did not appear Lo be any apparent m a tu r i t y  difference 

b etween the pupils in Class 3 and those in Class 4 except perhaps 

an increased readiness to say ’don't k n o w ’ rather than to attempt 

s om e thing difficult.

([}) The Gagne net (Pages 2.031 0 2.032) appears to be a fair
dbie.

r e p re s en t at i on  of the steps followed by^pupils wr i t i n g  formulae.



2.31.

G ene r al  Conclusions

(1) Pupils appear to use one or more of the routes shown in the 

Gagne net (Page 2.031 - 2.032) w h e n  w ri ti n g formulae.

(2) Poor performance in test 1 was not pr i marily due to the 

length of the test and it appears to be a valid test.

(3) Poorer pupils do not appear to be able to reason at the 

u nd e r s t a n d i n g  level. Rather they recall a learnt pro c ed u re  and

apply it in any situation.

(4) Pupils do not think through the complete logical sequence of 

steps w h e n  w r i t i n g  formulae, recall playing a large part. Thus 

w h e n  formulae of increasing complexity are used, recall becomes 

less efficient. Time must be given for a learnt procedure to 

develop w i t h  practice into a ’known' procedure.

(5) A  large number of the mistakes in formula w ri t i n g  stem from 

a  basic m i su n de r s t a n d i n g  of nomenclature.

(6) The un d erstanding of the formation of ions, i.e. losing 

e le c trons to become a positive ion, is a major obstacle.

(7) Pupils handle formulae of the type C a C l ? better than those

wri.Lten with ionic charges. Although this is now strongly
(18)recommended, pupils still have to be taught the ionic form to

co mp l y wi t h" w r i t i n g  equations.... including ions in solution

ff (18) or m  melts"

(8) Increasing complexity leads to increased difficulties, not

only w i t h  these more complex ideas, but also w i t h  those simpler

ones learnt previously, and should only be introduced where

ab solutely necessary. We must remember that we are not training

future chemists but educating children and if C a C ^  will carry as
2+

m u c h  information as we require, we should not use Ca ^ ^ ( a q ) .
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(9) Individual formulae ' hu r dl e s’ in themselves do not pose too 

large a p r o b l e m  but do so w h en  taught 'en bloc'.

(10) The 'mole' concept or more particularly calculations 

involving the mole concept and proportion, appear to be above the 

a t t ainment level of the majority of third year pupils.

(11) Pupils do not understand what a chemical equation is saying. 

This arises from inability to translate formulae into words, and

a lack of u n d er s ta n di n g of the 'mole' concept.
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TEST 1.
1, What are the three main particles in the atom?

(a)    (b)   (c).....
2, Which of these is mainly responsible for chemical behaviour.

3.

5.

6. Using the information in the table above write the formulae for
(a) Hydrogen fluoride ..................... .....
(b) Carbon hydride  ............  .........
(c) Hydrogen oxide .................. ........
(d) Carbon oxide ..........................

7. What elements are present in each of the following compounds?
(a) Hydrogen sulphide  ............... .
(b) Boron fluoride ...................... .
(c) Phosphorus oxide .................... .
(d) Silicon hydride .................. ....... .

8. With the help of a Periodic Table write the formulae for the 
four compounds in question (7).

16The electron arrangement for gO is (a) 2.4.2.
(b) 2.6

(tick the appropriate box) M  d /Ĉ; o.o*
(d) 2.8.4*2.

Atoms seem more stable when they have a completely filled 
outside level (shell) of electrons.

16The gO atom might achieve this b y   ........ two electrons
with another oxygen atom or by  ...... •••••••• two electrons
altogether.
Complete the following table
Atom Electron Arrangement Valence No, (Valency)

iH
6C

oto

F9

(a)
(o)

(b)
(d)
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9. If an atom loses or gains electrons* it will become a charged 

particle (an ion)

e . g e ll^a --- ^ uNa + e
2.8®i 2.8

Complete the following* by filling in the spaces marked with 
an *

17C1 ♦ * --- > 17gl.

* 2.8.8
10. In an ordinary compound the total amount of positive charge 

will equal the total amount of negative charge - the overall 
charge will be zero®
e.g. the formula for lithium iodide Id"**!"*
The formula for sodium chloride is .o®..®..........

11. Calcium is in column two of the Periodic Table. Write down 
its electron arrangement®

20Ca 0 9 0 0 0 0 0 0 0 0 0

12. How many electrons will it lose to have a completely filled 
outside level (shell)? ........... ......... .

13• Write down the symbol for the calcium ion.................
14* Write the formula for calcium chloride  .....
15. By balancing the charges write the formulae for the compounds 

named. USE WORDS AND NOT SYMBOLS.
2+ 2-(Magnesium ) (Sulphate )

(Potassium +) (Nitrate )
(Sodium+) (Oxidê "”)
The first one has been done for you

+ 2-(a) Sodium Oxide (Sodiuur )^(Oxide )
(b) Magnesium Sulphate  ...........
(c) Magnesium Nitrate...... ........ .
(d) Potassium Sulphate
(e) Potassium Nitrate

0 9 0 9 0 9 0 0 0

9 0 0 0 0

16. Write the formulae for the following ions, giving the charge 
(and hence the valence number (valency)' for each ion.

( De.g. Iodide
(a) Carbonate
(b) Sulphate
(o) Hydroxl.de
(d) Nitrate
(e) Ammonium
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17* Using your answers to question (16) write the full formulae 

for the following,, (it is NOT essential to give the charge 
on each ion)*
e*g« Potassium Iodide KI
(a) Potassium sulphate ...*..*.......*•*•••*
(b) Magnesium nitrate •...................
(c) Ammonium carbonate............ ............
(d) Iron (ill) hydroxide .... •••«••••••••••••
(e) Sodium silicate *................. ,.

IS* The formula weight of a compound can be found by adding 
together the individual atomic weights.
e.g. Nal 23 + 127 = = >  150
Use the following list of atomic weights to calculate the 
atomic weight of the compounds (a - d).

Mg = 24; X = 1275 B = 11; H = 1;
K = 39; N = 14; 0 = 16.

(a) Mgl2
(b) *2*10
(c) KUO,
(a) Mg(N02)

19* How many moles (gram atoms) of iron are there in 1 mole of 
Fe2°3?

20* A simple equation is a summary of what has happened in a
chemical reaction* Write down in your own words what the 
following equation says*

Ha ♦ S heat . Na2S
0 0 0 0 0 0 0 9 0

o o o o e o o o o o o o o e o o o o o o o e o o e o o o o o o o o o o e o o o o o o o e o o o o o o e o o o o o

O O O O 0 0 O O

21. What is meant by the term ''Balanced Equation'?
0 0 0 0 0 0 0 0 0 0 0

o o o o o o o o o o o o o o o o o o

22* When is it essential to write a balanced equation?
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0

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

2?him^)2 heat ^ 2 PbO + 4N02 + o2
(a) How many moles of NCL would you be able to get from 

2 moles of Pb(N03)2?  *...... ........ .
(b) How many moles of oxygen would you get from 1 mole of

h'2Pb(N0jo?
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24-* When chalk is roasted^ carbon dioxide is produced*

h6at > CaO + C02
100 56 44weight  ̂ ***

What weight of COp would be made by completely roasting 15 g« 
of chalk*

25* Balance the following equations
(a) Ca(0H)2 + HC1 CaClg + *2°
(b) 0 2+

Ga(aq) + 2C1'(aq) + Ag(aq) + m 3 M

Ca?+ v +(aq) 2N°3(aq) + ke+C1'(s)
26* A pupil wrote the following sentences in his note-book* 

Rewrite them using no symbols*
(a) He sprinkled NaCl into a beaker full of HpO*
(b) ^2^(1) an<̂  M^(s) ncri: reac^ rea(iily to give ^(g)

but when -^(g) is passed over hot Mg(s) it gives ^(g) 
and Mg0^gj,

(°) Ag|aq) ♦ N0;(aq) were added to H^aq) + Gl|aq) to give

&* alU  + HU )  + N°5(aq)‘
(a)  ............. ...........................

(b)
• e o o o o o o o o o

(c)



Comment
Straight recallo Used as an easy starter into the test* 
Calculation of electron arrangement - dependent on a 
knowledge of atomic structure*
To test the concept of a ’stable octet’• A typing error
missed out "new" and included ‘’altogether”* This step 
dependent on 3*

To test knowledge of the connection between electron 
arrangement and valency*
To test knowledge of the ‘’mechanical rules" for writing 
formulae* given the symbols* but dependent on 5* 5 and
6 together give basically the "covalent” path*
To test interpretation of nomenclature, especially the 
difference between - ide, ite, and ate endings*
To test knowledge of the "mechanical rules" - dependent 

on 7*
Questions 9 - 1 7  investigate the "ionic" pathway.
Given a similar example, this is to test understanding 
of ion formation - how do positive and negative ions 

arise.
To test understanding of the reasoning behind the 

"mechanical rules" - dependent on 9o
The stepwise formation of the calcium ion, investigating 
understanding of electron arrangement, stable octet, 

formation of ions and the logical sequence of thought 
involved* Each step is dependent on the previous one,
A check on knowledge of the "mechanical rules". No 
pupil should, if thinking entirely logically, arrive at 
the correct answer if they have made a mistake in 11-13*
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Question Coimnent

15 Teachers have often asserted that pupils can easily learn 
and understand these mechanical rules for writing 
formulae, the biggest stumbling block being to remember 
the formulae of oxyanions, there being no appropriate way 
of logically working them out at their level of knowledge.
If this is true, then when given all the necessary 
information, and not having to worry about the formulae 
of oxyanions, pupils should be able to write correct 
formulae#

16 Before May 1973, pupils had to remember the formulae of 
oxyanions in ’0* and 1H* grade exams# This question is 
testing the level of recall of the correct formulae#

17 This is to see (i) how well pupils can write formulae 
involving oxyanions, (ii) how much is based on recall,
(iii) if pupils can extrapolate to an unknown situation.

18-19 To see whether pupils really understand the meaning of
formulae in terms of atoms present#

20-25 Equation writing is dependent on correct formulae writing.
SpCoEoE.B# marking schemes gave zero for any balanced 
equation in which there were incorrect formulae, and 
therefore, statistics provided by the SoCoE,E#Bo on the 
knowledge of balancing equations probably only measure the 
ability to write formulae# These questions are to 
investigate the pupils understanding of a balanced equation#

20 To test the ability to translate formulae into meaningful

chemical names#
21-22 To test basic understanding of the term "Balanced Equation"
23 (a) To test the understanding of the meaning of number

prefixes in equations and the mole concept.
(b) By using the same equation as in (a) we can now test 
the understanding of proportion - the figures being simple#



Comment
By reducing the chemistry content as much as possible,
this question has been made basically a mathematical
problem# This will then test the understanding of
proportion - figures more difficult.
It was felt that the use of state symbols and separate

(8)ions recommended in memorandum. No #7 had been taken
tod far by ma'ny teachers and that anyway this only serves 
to make equation balancing even more difficult. The two 
equations used both involve a 2si ratio and the difference 
in difficulty should lie in the added complexity of state 
symbols, separate ions etc#
To investigate at what level of complexity formulae ceased
to meaningfully represent a "shorthand" way of writing

(8)the name of a compound (cf memorandum No.7 Page 16. . .)
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Numbers of pupils in each school who completed first questionnaire.

School Pupil Numbers Nov of Pupils
1 001 -  112 92
2 113 - 213 81
3 216 - 247 32
U 24.8 - 322 55

5 323 - 435 93
6 436 - 535 80
7 536 - 635 80

TOTAL 513

Marking Scheme for Test 1.
1. right or wrong. Spelling mistakes ignored.

2. right or wrong.
3. right or wrong.
L, any words, phrase .that carry idea of (a) sharing

' (b) gaining

5. right or wrongs Any reasonable format accepted.
6. Any reasonable format accepted, but proportions and symbols

must be correct.
7. right or wrong, spelling mistakes ignored.
8. Any reasonable format accepted, but proportions and symbols 

must be correct.
9. right or wrong.
10. right or wrong, ’ionic8 or ’covalent1 format accepted.

11. right or wrong.
12. right or wrong.
13. right or wrong - both symbol and charge must be correct.
14., Any reasonable format accepted, but proportions and symbols

must be correct.
15. Symbols accepted - proportion must be correct.
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16# right or wrong *■=> symbols and charges must be correct,
17. Any reasonable format accepted but proportions and symbols

must be correct,
18. right or wrong,
19. right or wrong,
20. No symbols and no quantatative ideas allowed.
21. Any reasonable description accepted e.g. same formula

weights, same number of atoms etc.
22. Used for calculations or equivalent.
23. right or wrong.

24.. right or wrong, 6g and 6fg not accepted.
25. right or wrong,
26. No symbols accepted, but only correct names.

In questions 6, 8, 15, 17, 18, pupils often were incorrect 
because of slips, e.g. wrong symbols, wrong additions, etc.
Any pupil who failed because of mistakes like these were marked 

as having the method correct.
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QUESTION ASKED 1
92

2
81

3
32

4
55

5
93

6
80

7
80

'SS*.

| 1 1 recall of protons, neutrons, 
electrons (more than one 
wrong) 0 0 0 0 1 0 0 1 0.0

2
3

2
3

recall of electron wrong
men t

had arrangeAof e in oxygen 
wrong

9

24

8

16

6

14

4

6

9

24

5

19

9

36

50

139

9.7

27.1

4 4 did not get idea of oxygen 
sharing two electrons 37 28 20 11 33 27 40 196 38.2

5 4 did not get idea of oxygen 
gaining two electrons 39 30 13 9 22 15 23 151 29.4

6 A had e arrangement wrong but 
idea of sharing 2e right 11 7 4 3 11 12 16 64

(1)46.0
7 A had ”e arrangement wrong but 

idea of gaining 2e right 12 9 8 3 13 16 27 88
(1)
63.3

8 A had both ’gaining® and 
•sharing right 25 28 8 35 48 45 29 218 42.5

9 A had both gaining and sharing 
right but e arrangement wrong A 3 4 1 6 11 12 51

(1 )36.6
10 A had neither gaining nor 

sharing 15 11 9 1 10 8 12 66 12.9

11 5 e arrangements - more than 
1 wrong 15 18 10 5 20 13 34 115 22.4

12 5 Valence numbers - more than 
1 wrong 7 15 21 29 46 27 32 177 34.5

13 5 e arrangements wrong, but 
valence no. right 13 10 2 1 3 1 13 43

(2)
37.3

14 6 binary formulae - 2 or more 
wrong 26 32 20 48 63 56 50 295 57.5

15 6 binary formulae - method 
wrong 14 20 12 26 50 35 33 190 37.0

16 6 binary formulae wrong, but 
method right 12 12 8 22 13 21 17 105

(3)
35.5

17 7 elements in*IDE compound - 
had 2 or more wrong 16 14 10 21 35 25 33 154 30.0

18 7 included oxygen in IDE 
compounds 11 12 10 19 18 19 25 114 22.2
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QUESTION ASKED
SCHOOLS

s
0
0P3 Qu

es
t.

1
92

2
81

3
32

4
55 O' 6

80
7
80 TO

TA
L

19 8 writing binary formulae from 
the Periodic Table - 2 or 
more wrong 30 42 19 50 78 62 61 342 66,6

20 8 writing binary formulae from 
the Periodic Table - wrong 
method 21 35 7 35 68 47 31 244 47.5

21 8 writing binary formulae from 
Periodic Table* method right 
but got 2 or more wrong 9 7 12 15 10 15 30 98

(3)
28.6

22 8 had elements wrong in Quest, 
7 but wrote formulae correct­
ly- 4 1 1 1 0 1 5 13 8o4

23 8 included oxygen in Quest.7 
but wrote formulae correctly 3 1 1 1 0 1 4 11 $

24 8 had elements wrong in Quest. 
7 but method for formulae 
correct 5 1 5 5 2 1 14 33

(A)21.4
25 8 included oxygen in quest.7 

but method for formulae 
correct 3 1 5 4 1 1 12 27

(5)23.6
26 9 did NOT get Cl" 51 59 19 23 43 39 33 267 52.0
27 9 did NOT get idea of gaining 

le" 31 37 10 14 25 26 16 159 30.9

28 9 had idea of gaining le" but 
got Cl“ wrong 29 28 10 12 26 19 20 144

(6)
58.5

29 9 had Cl~ right but not idea 
of gaining 1 electron 10 6 1 3 8 6 4 38

(7)23.8
30 10 had formula (NaCl)wrong 21 20 9 16 20 12 7 105 20.4

31 10 had NaCl right but had 
neither idea of gaining 
le nor 01” right 18 20 3 4 9 17 8 79

(8)
65.2

32 10 had NaCl right but Cl 
wrong 39 43 12 13 30 33 27 197

(9)
73.7

33 10 had NaCl right but gaining 
le wrong 25 23 A 7 15 21 12 107

(7)
67.2

34 11 "e arrangement of calcium 
wrong 15 15 12 9 23 10 28 112 21.8

35 12 idea of losing 2e wrong 16 14 9 8 15 8 24 94 18.3
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QUESTION ASKED SCHOOL i-3s
e
(DPh

0-PCOO 1
92

2
81

3
32

4
55

5
93

6
80

7
80

£0EH

36 ,13 Symbol for Calcium ion 
wrong 65 57 11 18 50 30 22 253 49.3

37 14 formula CaCl^ wrong 21 30 16 17 40 19 16 159 30*9
38 U "e arrangement right but 

losing 2e wrong 3 9 0 3 2 2 7 26
d o
6.4

39 14 e arrangement -wrong but 
losing 2e correct 2 10 3 4 10 4 11 43

(11)
38.3

40 14 icĥ L of losing 2e right but 
Ca wrong 51 43 5 15 36 25 9 184

(12)
43.9

41 14 — 2+ losing 2e wrong but Ca
right 2 0 3 5 1 3 11 25

(13)
26.5

42 14 2+had Ca right but CaCl^ 
wrong 5 7 9 6 7 5 7 46

(14)
17.6

43 14 2+had Ca wrong but CaCl^ 
right 49 34 4 7 17 16 13 141

(15)
55.7

: 44 14 losing 2e wrong but CaCl^ 
right 14 6 3 3 3 3 14 46

(16)
48.9

* 45 14 <3 arrangement wrong but 
CaCl^ right 13 7 4 4 5 4 19 5 6

(11)
50.0

46 14 steps 3 3 s  3 4 s  3 5  wrong but 
CaCl^ right 10 2 2 0 3 1 4 22

(17)
44. O

47 14 steps 26p 27s 33s 3 4 s  3 5 s  

wrong but CaCl^ right 4 1 1 0 1 0 1 8
(18)

38.0

48 15 2 or more “word5 formulae 
wrong 35 3 7 8 17 45 25 21 188 36.6

49 15 “word5 formulae9 wrong 
method used 32 29 2 1 7 39 21 15 155

(19) 
82 *4

50 16 3 or more ions wrong 41 55 20 29 66 24 23 258 50„2

51 17 had 1 or more wrong of the 
first 4 “ionic0 formulae 45 70 23 47 84 52 50 371 72*3

52 17 wrong method for “ionic1 
formulae 40 4 3 20 45 76 48 39 311

(20)
83.4

53 17 “ion&“-correct but formulae 
wrong 16 17 3 18 19 28 28 129

(21)
50.5

54 17 Ions wrong but formulae 
correct 11 2 0 0 1 0 1 15

(22)
5.8
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s
0
<DP? Qu

es
t. QUESTION ASKED 1

92
2
81

3
32

4
55

5
93

6
80

7
80 T0

TA
I

55 17 ions -wrong but method for 
formulae right 15 16 3 0 4 1 4 43

(22)
l606

56 17 formulae for sodium silicate 
•wrong 87 73 27 55 91 79 78 490 95.5

57 17 left out oxygen in Na^SiO^ 60 37 16 44 73 57 62 349 680O
58 17 “ionic8 formulae wrong but 

Na2SiO^ correct 0 5 1 0 0 0 0 6
(23)

26.0

59 18 2 or more formulae weights 
wrong 18 29 9 19 37 24 24 160 31.1

60 18 method wrong for formula 
weights 12 17 6 11 19 19 14 98 19.1

61 19 moles of Fe in FegÔ . wrong 33 75 19 36 72 64 51 350 68.2

62 19 method for formula weights 
right but moles of Fe wrong 25 59 14 29 55 45 38 265

(24)
63 08

63 20 cannot translate an equation 
written in formulae 61 42 25 44 83 51 56 362 70.5

64.21 do not understand what is 
meant by a “Balanced Equation165 50 22 51 73 45 50 356 69.3

65 22 do not know when it is essen­
tial to write a balanced 
equation 82 65 31 35 81 54 48 396 77.1

66 23 had simple “moles from 
equation8 wrong 64 73 23 43 74 69 65 411 80.1

67 23 had “harder moles from 
equation8 wrong 85 80 32 52 93 78 79 499 97.2

68 23 simpler moles wrong but 
harder moles right 3 1 0 0 0 2 0 6

(25;
42.8

69 23 simpler moles right5 harder 
moles wrong 24 8 9 9 19 11 15 95

(26] 
93.1

70 24 had proportion calculation 
wrong 64 56 27 37 76 42 60 362 70.5

71 24 had “harder moles8 in Quest. 
23 wrongs but proportion 
calculation right 24 25 5 15 17 37 20 143

(27!
28.6

72 25 could not balance a “covalent 
equation 47 54 16 50 90 63 56 376 73.2
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A QUESTION ASKED
SCHOOL

-

Qu
es
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1
92

2
81

3
32 *

55
5
93

6
80

7
80

a
0
E-i

'B*

73 25 could not balance ah ’ionic1 
equation 51 53 18 46 83 52 48 351 68.4

74 25 could balance ’covalent’ 
but not ’ionic’ 13 12 5 2 0 8 6 46 8.9

75 25 could balance ’ionic' but 
not ’covalent’ 9 13 3 6 7 19 14 71 13.8

76 26 equation (a) incorrect 18 19 5 17 23 11 7i 100 19.4
77 26 equation (b) incorrect 57 56 16 38 57 54 68 346 67.4
78 26 equation (c) incorrect 87 78 29 87 74 80 487 94.9
79 26 equation (b) correct, equatior 

(a) incorrect 1 2 0 2 3 1 0 9
(28)
5.3

80 26 equation (c) correct, but 
equations (a) and (b) 
incorrect 0 0 0 0 0 0 0 0

(29)
0

81 11 right but 12 wrong 5 7 13 25 29 15 11 105 20.4
82 11 and 12 right but 14 

wrong 15 16 2 18 21 31 10 113 22.0
83
84

11, 12, 13 all correct 
33, 34 right but 35 wrong

57
49

40
37

7

4

7
14

23
29

21

23

24
6

179
162

34.8
(30)

43.2

85 33, 34, 35 right 25 20 16 29 39 45 39 213 41.5
86 33, 34, 35 right but 36 

wrong 5 5 5 4 4 2 3 28 13.1

87 33, 34, 35, 36 right 20 15 11 25 35 43 36 185 36.0
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Notes on data pages Appendix 2.10 - 2,14
1, % of those who had e arrangement of oxygen wrong.
2. % of those who had "e arrangement in Quest. 5 wrong,
3* % of those who had 2 or more binary formulae wrong,
4* % of those who had elements wrong in Quest, 7,
5, % of those who included oxygen in Quest, 7,
6, % of those who had idea of gaining le" right in Quest.9,
7, % of those who did not get the idea of gaining le" in Quest. 9.
8, % of those who had neither Cl” or the idea of le in Quest«9

(21, 31, 9, 11, 17, 20, 12, = 121)
9* % of those who did not have Cl’" in Question 9,
10, % of those who had e arrangement correct in question 11.
11, % of those who had electron arrangement wrong in question 11,
12, % of those who had idea of losing 2e correct in question 12,
13, % of those who did NOT have idea of losing 2e in question 12,

2+14, % of those- with Ca correct,
2+15, % of those with Ca wrong,

16, % of those who had idea of losing 2e wrong in question 12,

17, % of those with all steps 33, 34, 35 wrong (12, 5, 6, 3, 12,

3, 9 = 50),
18, % of those with steps 26, 27, 33, 34, 35 wrong (4, 1, 4, 3, 5,

1, 3 = 21),
19, % of those with 2 or more formulae wrong in question 15.
20, % of those with 1 or more formulae wrong in question 17,
21, % of those with ions correct in question 16,
22, % of those with ions wrong in question 16.
23, % of those with Na^iO^ correct,
24, % of those with method for formula weights correct,
25, % of those with "harder moles' from equation right,

26, % of those with "simpler moles' correct.
27, % of those with "harder moles' wrong.



A.2.16,
28. % of those with equation (b) correct.
29. % of those with equation (c) correct.

30. % of those with 33 and 34 right.



A.2.17.
ATTITUDE QUESTIONNAIRE 

This is a questionnaire to discover how you found the various 
topics that you have studied so far in the third year. Read each 
carefully and decide how you found it to learn, using one of the 
four categories, Very Easy (V.E.)j Easy (E); Hard (H); Very Hard
(V.H.).

TOPIC
1. The structure of the atom - protons, neutrons, 

electrons.

VE E H VH

2. Atomic number/mass number,
3, Iscfcoja€s #

4* Mass spectrometer.
5* Atomic weights and their determination. Idea 

of an average value for atomic weights.
6l. The existence of charged particles - atoms 

losing and gaining electrons.
7_* Electrovalent bonds to give ionic solids.

8. Electrolysis and conductance by ionic solids, 
molten or in solution.

9o Atoms sharing electrons - covalent bonds.
10, Unequal sharing of electrons - polar covalent.
11. Writing formulae for simple compounds like - 

water or sodium chloride etc. The use of 
valence numbers (valency)•

12, Valence numbers (valency) from an element.* s 
position in the Periodic Table.

13. Writing (remembering) formulae for complex 
ions such as1 ammonium1.

14, Writing formulae for compounds such as 
calcium carbonate.

15* Putting the charges on formulae e.g. 
Ca2+C032~.

16, Calculation of formula weights.
17_, The fmole! (gram atom) and calculations 

using it.



VE E H VH
18. Writing word equations e.g. calcium + water 

calcium hydroxide + hydrogen.

19 o Writing symbol equations e,g, Ca + E-,0 
Ca(0H)2 + 1^0 ^

20, Balancing equations.
21, Writing equations^vith separate ions e.g, 

Ca + Ca + 20IT +

22. Writing equations, putting in all the 
state symbols e.g. q* + 2^0^,

*%*)  + 2(orW ) + \(g)

TEACHERS QUESTIONNAIRE
Same as above but with 2 sets of response columns headed;

How you thought 
pupils found it 
to learn

How you found 
it to teach



A. Pupils
A.2.19.

Quest
No.

SCHOOL Weight
-ed

Stand
ard MEAN

(92)
2
(81)

3
(32)

4
(55) (93)

6
(80)

7
(80)

Mean Devia
-tion x 20

1 1.772 1.940 1.719 1.709 1.761 1.513 1.913 1.768 0.136 35.4
2 2.022 1.738 2,219 1.873 1.967 1.963 2.165 1.976 0.140 39.5
3 2.529 2,753 2.594 2.673 3.051 2.468 3.205 2.746 0.227 54.9
4 2.333 2.638 2.531 2.782 2.931 3.744 3.063 2.883 0.440 57.7

5 2.615 2.810 2.719 2.764 2.830 2.684 2.775 2.742 0.076 54.9
6 2.533 2,274 2.375 2.400 2.478 2.757 2.513 2.489 0.143 49.8

7 2.750 2.690 2.781 3.091 3,022 2.868 2.900 2.870 0.133 57.4
8 2.511 2.476 2.813 2.636 3.077 2.778 2.704 2.712 0.205 54.2

9 2.163 1.952 2.656 2.673 2,522 2.650 2.475 2.404 0.259 48.1
10 2.337 2.155 3.063 2.727 2.890 3.095 2.688 2,668 0.330 53.4
11 1.793 1.774 2.290 2.418 2,448 1.962 1.463 1.981 0.347 39.6

12 1.598 1.571 2.344 2,691 2.391 2.183 2.150 2.078 0.383 41.6
13 2.185 2.321 3.031 2.855 3.143 2.410 2.288 2.555 0.3 66 51.1

H 2.098 2.202 2.438 2.455 2.659 2.325 2.163 2.321 0.196 46.4
15 2.878 1.974 2.313 2.691 2.824 2.312 2.125 2.464 0.347 49.3

16 2.250 2.536 2.531 2.655 2 0696 2.650 2,188 2.489 0.199 49.8

17 2.761 2.738 3.188 3.127 3.200 3.127 3.088 3.010 0.189 60.2
IS 2.424 2.107 2.344 2.400 2.533 2,163 1.988 2.277 0.193 45.5

19 2.581 2.452 2.625 2.855 3.110 2.692 2.550 2.701 0.221 54.0

20 2.913 2.750 2.531 2.455 2.935 2.367 2.913 2.733 0.223 54.7

21 3.187 2.757 3.063 3.000 3.264 2.963 2.925 3.029 0.169 60.6
22 3.191 2.316 2.719 2.745 3.293 <3.125 2.913 2.940 0.328 58,8

Total Number of Responses - 513



Teachers Responses A.2.20

Question
Number

Difficult to teach 
(mean x 20)

Difficult to learn 
(mean x 20)

1 36.0 39.6
2 38.0 44.0
3 45.0 54.0
4 47.0 55.3
5 55.0 60.0
6 47.0 55.0
7 49.0 59.0
8 43.0 50.0
9 49.0 55.0
10 53.0 65.0

11 46.0 58.0
12 37.0 45.0

13 48.4 68.4
14 50.0 64.0
15 46.3 63.1

16 40,0 45.0

17 57.0 67.0

18 50.1 49.0

19 55.3 69.4
20 53.6 67.0

21 55.7 67.7

22 55.7 64.2

Total Number of Responses 20



A .2 .2 * .

Second Test on Formulae - May, 1971,

U.G./T.H./2

Mark each answer right or wrong.

1, Write the formulae for

(a) Hydrogen Sulphide
(b) Phosphorus Oxide
(c) Boron Fluoride
(d) Silicon Hydride (pass = 3

2, Write the formulae for the following ions

(a) Carbonate
(b) Sulphate
(c) Nitrate
(d) Hydroxide
(e) Ammonium (pass * 3

3* Write the formulae for
(a) Potassium Sulphate
(b) Magnesium Nitrate
(c) Ammonium Carbonate
(d) Iron(III) Hydroxide (pass = 3

4, Write the formula for

Sodium Silicate

How many moles of oxygen can be produced from 
heating 1 mole of lead nitrate?
2Pb(N03)2 2PbO + 4N02 + 02

or 4 right)

, 4 or 5 right)

or 4 right)



A.2.22
Results of Re-Run on formulae etc*

All results shown as % correct response®

School
^^ijuesfaion 1 2 3 4 5

2 42.3 79.5 52.6 28.2 2.6
3 50.0 81.3 56.3 56.3 18.8

4 4.3 65.7 37.1 8.6 1.4
5 2.1 36.2 33.0 10.6 5.3
7 23.8 92.5 71.3 22.5 26.3

TOTALS 19.2 67.8 48.5 19.2 9.5

Results of 1st Test run on formulae etc.

S c h o o l ^ ^ * ^  
^ ^ ^ Q u e  s tion

1 2 3 4 5

2 48.1 32.1 13.6 9.9 1.2

3 40.6 37.5 34*4 15.6 0.0

4 9.1 47.3 14.5 0.0 5.5

5 16.1 29.0 9.7 2,2 0.0

7 25.0 71.3 37.5 2.5 1.3

TOTALS 27.0 43.4 60.2 5.0 1.5

Schools 1-7 33.0 50.0 27.0 4.0 3.0



A . 2.23

T ra n s c r i p t s  of Interviews with Pupils

N.B. In this section supplementary questions or other i n f o r ­

m a t i o n  essential for un d erstanding are shown in brackets.

Ref. numbe r  (1)

M a i n  question a s k e d :-

H o w  do you work out the electron arrangement from the 

a to m i c  number?

Pupil Replies

1 In the first level there are two, in the next level

up there are four boxes, (for oxygen) you fill the bottom 

two, then in the next row four, there are six, that leaves 

two half filled.

3 In ox y ge n  there are two in the first, and six in the

second.

5 Oxygen's six in the outside level. Its got two in the 

first level and to make it up to eight, there has got to 

be six on the outside.

6 The second one (carbon) there are two in the first orbital 

there can only be two there, in the second one there are 

four. Four and two if you add them together makes six.

7 You take the n u mber and you have got to add up the electron 

arrangement - two at the beginning, next step four, so it 

is two and four, is six electrons.

8 It is two in the first level and four in the next four 

b o x e s .

9 Carbon has got six, so it is 2.4 (Why?) We i l it has got 

six electrons and the electrons are arranged in the o r b i ­

tals and there are two, then the next one is four.



A.2.24

P u p i 1 Replies

10. (for oxygen) Because the sixteen thingmes, I r e m e m ­

bered that from the thingme (You remembered there w e r e  

sixteen electrons) Yes (Why is it 2.8.6) Because there 

is the inner shell can carry L w o , then the next one is 

eight, so there are only six leit in the next one. (Is 

there any way  you can work out the arrangement of electrons

u s i ng  the information that is down there?) No.

11. I just got the atomic number, and the electrons

were the same.

12. See the atomic mumber is the same as the electron a r r a n g e ­

ment.

Ref. numb e r (2)

M a i n  question a s k e d :-

H o w  do you work out valence numbers from electron a r r a n g e ­

ments?

P u p i l  R ep l i es

1 The number of half filled boxes is the va lency number

(so .for oxygen how do you go from 2.6 to two) it is two, 

you fill the bottom two, then in the next row four (boxes) 

there are six, that leaves two half filled and that gives 

you v a lency two.

2. It is the number of free orbitals in the last electron

ring. The number of empty ones, the number of ones that 

you could still put something into, to make it up or take

it away (How do you work that out) Well in that one (Carbon)

it is going to be eight, the max i mu m  you can get into it 

is eight, and so there are four, the ones you can still 

get something into.



Pupi 1 

2 .

3.

4.

5.

6.

7.

A.2.25

Replies

In this one (oxygen) there are two you can put so m ething 

into. In that one (fluorine) there is just one you can 

put something into.

(for carbon) the valency number is four (How do you know 

it is four) Because there are four half filled orbitals.

In oxygen, valency number is two. (Why is it two and not 

six) Because there are just two half filled orbitals 

left, two are filled up.

(oxygen) that is 2.6, oxygen is two (why is it two)

Because its column, second from the end of the periodic 

t a b l e .

(carbon) four half filled orbitals gives you a va l en c y 

of four. (oxygen) six on the outside and it has a 

v ale n cy  of two because there are only two half filled 

orbitals.

(carbon) well the first orbital is filled up and the 

second one has got four instead of a possible eight, 

therefore there could be another four put on.

You take the last number (from the electron arrangement) 

you take how m a ny  electrons are in the outer orbital, (and 

is that the combining po.^er, does fluorine have a combining 

power of seven?) Yes.

D o n ’L know - its the number of half filled boxes (why 

did you write one for fluorine w hen there are seven electrons 

in the outer level) Because there's one half filled box 

left over. You put them in 1, 2, 3, 4, 5, 6, and 7 and 

there is one left over.



)W

A.2.26.

Pupi ̂  Replies

9. From the number of electrons in the outer shell (Hoi

do you go then from 2.6 for oxygen to two for the c o m ­

bining power) There are two unused, there are two empty 

boxes. (for carbon you have w ritten down two - No reply 

to this and pupil could not work it out.)

10. (so what would it be for carbon?- Carbon has a valency

I think it is three (are you just remembering that?) Yes. 

(Do you know how to work out the combining power from the 

arrangement of electrons?) No.

11. (Do you k no w  how to go from the arrangement of electrons 

to v a le n cy  numbers or combining power?) No.

12. It goes down the w a y  from hydrogen down and then the next 

column down and w hen you get to the fifth column it is 

eight minus law, so eight minus five ( But you have not 

got a periodic table, how do you work it out from what 

you are given there) Don't know.

Ref. numb er  (3)

M a i n  question asked

E x p l a i n  h o w  you arrive at these formulae.

P u p i 1 Replies

1. Carbon has valency four, hydrogen v a lency one, so that for

e very one bond in the hydrogen you need one bond in carbon 

carbon has four bonds, so you need four hydrogens. (Why 

did you write CC^?) It is the short form of ^2^4* ^

the same wa y as you got CH^ but only this time oxygen has 

a val e nc y  of two, so for every carbon there is going to 

be two oxygens.



Pupi 1 

2 .

3.

4.

5.

A . 2.27.

Replies

H ydro g en  fluoride that is just HF, CH^ h ydrogen oxide 

^ 2®> carbon oxide is CC^ (How do you k n o w  it is CC^?) 

Oxyg en  has two free ones, which goes over, so that would 

give that two, the carbon has four, that would come over 

there, that would make that tour. You take that down to 

the simplest one, that is but you do not need to

bother wri t in g  in the one, so you just write CC^*

(How do you get CH^) Becasue the v alency number of carbon 

is four and you cross it over, hydrogen is one. (Why 

did you go from ^2 4̂ to ^ 2^  Because it cancels by two 

(What does CC^ mean?) With every carbon there are two 

o x y g e n s .

Carbon hydroxide - C(OH)^ (Do you get that?) No. (pupil 

then changed this to How do you w o r k  out the

formula for carbon oxide?) Carbon's valency number is 

four, oxygen's valency number is two, C O2 (Why is it CO 2 
and not C^O^.?) Because you swap them over, swap the 

number over. (If you do that it would be ^2^4’ W ^Y have 

you w ri t t e n  C^O^?) Because it is two oxygens per carbon. 

Carbon symbol C, and hydrogen, hydride, H, carbon has a 

v ale n cy  of four, hydrogen one, cross multiply, CH^

(Explain how you got C 02 then, rather than C20^) Carbon 

has a vale n cy  of four, oxygen has a val en c y of two, cross 

m u l t i p l y  you get two, four, cancel down to one two.

Carbon has four half filled boxes and oxygen has got two 

and wh e n e v e r  you m u lt i pl y  them round you have carbon with 

two and oxygen w i t h  four, and you cancel them down, carbon 

can have one and oxygen two.



A.2.28.

P u p i 1 Rep lies

7. (pupil wrote CH. Is that right?) No it is CH, (How 

did you arrive at CII^?) Carbon is in the fourLh column 

of the periodic table, having combining power four and 

you change combining powers over to the h ydrogen to give 

hydro ge n  four. (Tell me exactly how you got H 2O)
Hydr og e n is in the first column, giving it a v alency of 

one, oxygen is in the second column, no it is the sixth 

column, giving it a valency of two.

8. (pupil wrote all formulae using atomic numbers as valence 

numbers. W h y did you write six as the combining power 

for carbon?) OH (Where did the six come from?) Atomic 

number. (Why have you used atomic numbers for oxygen 

and carbon and not for fluorine?) Don't know. (Tell

me in your own words how you actually write a formula 

down, give me all the steps.) You put up the atomic 

numbers at the top or the number of half filled boxes 

(is the atomic number equal to the number of half filled 

boxes?) No (What should you have used instead of the 

atomic number?) The electron arrangements - no - the

n umber of half filled boxes.

9. Hydr og e n and fluorine, combining power one, fluorine is 

one, so it is one each. Carbon is C, hydroxides OH, 

h y d roxides one, carbons, means that it should be (OH)2* 
O x y g e n  is eight, hydrogens H, oxygen is 0 so, hydrogen 

one, ox ygen two so l^O. (Explain carefully h ow you

go from the combining power for oxygen and hydrogen to

the formula for water of H 2O).



The i r combining powers, hydrogen is one, o x ygen is two 

so you reverse them, it- is (For part 'd' you have

gone from a combining power of two for carbon and two 

for oxygen to be CC^) It should be one, it should be CO 

(Why did you write C 0 ? the first time?) I hadn't, it 

w o u l d cancel out. (Had you remembered CC^ from other 

times or had you just made a mistake?) Just m a de  a 

mistake.

H for hydrogen, F for fluorine, fluoride and hydrog e n is 

one and fluoride is, I think that is two. (Why is it 

^ F ? )  Because hydrogen is one and I think fluoride is 

two and you swap them about. Carbon is C, h y d r o ge n  is 

H and that is CH^ and hydrogen oxide, oxide is 0 and two 

^ 0  (Why is it H 2O and not HC^?) Because hydrog e n has 

got one of a valency and oxygen has got two and you just 

swap them over. Carbon oxide that is C,0, - ^2^3*
(Pupil could not do this question. Why  can you not write 

the formulae for these questions?) I cannot mind where 

it is placed on the periodic table - the half filled orbita 

The number of half filled orbitals is its combining power. 

The hydrogen H plus fluorine combining power three, 

h y d ro g en  is one so it is H^F. (What have you done wi t h 

the combining power?) flipped them over. Carbon is C 

cannot do this one, hydride. (Why c a n ’t you do it?)

Do not k n o w  hydride. (You do not k n ow  w hat elements 

are there) No. Hydrogen plus oxygen., oxygen has got 

two, hydrogen has got one, flip them over so it is H 20»



A . 2.30.

Pupi i Rep lies

12. Carbon and oxygen, valency of carbon is three, so it

is flipped over C20^.
Ref. n u mber (5)

M a i n  question a s k e d :-

Ho w  do you know what elements are present?

(Only pupils 6, 8, 11 (all Class 3) were confused over 

IDE ending but only 6 actually put oxygen down for each 

compound. All the rest knew that IDE meant two elements 

p r e s e n t . )

P u p i 1 Replies

6. (You included oxygen into all of them. How do you

actua l ly  go from the name to what elements are present?) 

W el l  -IDE means that there are two and oxygen. (If IDE 

means that there are two.) Yes, there are two elements 

and I put oxygen. (Why did you add oxygen?) I thought 

that is what it would be. (-IDE means what again?) It 

means that there are two elements present. (And how 

m a n y  elements have you written down?) I put down three 

for some. (Why?) Well the first one, there is one 

in there and the second one, I thought had two in it.

8. You kn o w by - you can tell from the name. (How do you

k n o w  it contains hydrogen and sulphur and no thing else?) 

The oxide says there is oxygen there (so what does the 

ending -IDE tell you?) Don't know.

11. By looking at the name. The -IDE and you know there

should be either two or three elements present. Take the 

-IDE off and add on the UR  for sulphur.



A.2.31.

Pupi 1 Replies

11. (What does the -IDE tell you?) O xygen or hydrogen.

(Is oxygen present?) Yes. (Pupil did not include 

o x ygen in the answer to the question.)

Ref. n u mber (6)
M a i n  question asked

E x p l a i n  how you w o rk  out these formulae using the 

p e r i o d i c  table.

P u p i 1 Replies

1. Get the symbols, it would be H and F, get the val en c y

numbers, cross them over. (Where are you getting the 

v a l e n c y  numbers from?) The Periodic Table. Boron B, 

fluorine has a valency of one, boron val e nc y  three (How 

do you k n o w  boron is three?) It comes before carbon, it 

is one less.

2. The first one is hydrogen II, S is in, the electrons

number is leaving us two spare ones at the end to make 

up the complete shell, so you would ma nage to get two 

m o r e  to join up wi t h it, so it has a v alency of two, put 

across, so as hydrogen just has the one, so it does not 

r eally count, ^ S .  Boron fluoride, boron being, it has 

got a v alency of three because you are going to take three 

out of it to take it to go into the other one (How do you 

k n o w  you are taking three out of it?) It is the easiest 

w a y  to get it back to an inactive one. (How three?)

You are going to take three electrons out. (But w h y  three?) 

It is because from writing out the arrangement of electrons, 

it is giving it as three.



Pupi 1

2.

3.

4.

A.2.32.

Replies

(You looked at the periodic table, so how  do you k n o w  

f rom the periodic table that it is three?) The third 

column. Phosphorus, that one there is, has three more  

to fill up. Oxygen just has two and so it is P^O^* 

Silicon is in the same column as carbon so you know that

it will have a valency of four and H is in the first one

so it is S i H , .

Hydro ge n  is in the first column so it has got a combining

power of one, sulphur is in the sixth column, it has got

a combining power of two, so it is ^ S .  (Pupil wrote 

SiH^« W h y  did you give silicon a combining power of

three?) It should have been four. (Why?) Because it

is in the fourth column.

Hydrogen valency one, sulphur valency number two, so it 

is H 2S. (How do you know that sulphur has a val en c y of 

two?) Because it is under oxygen and oxygen has a 

valency two, it is in the second column, the columns are 

in va lency numbers, that is 3, 4, 2, 1, 0.

Hy dr o g e n  H, sulphur S, hydrogen has one electron, so it

has a v a le n cy  of one, sulphur has two electrons in level 

so it is H 2S and you cross multiply. (How do you k no w 

sulphur has a combining power of two? Were you usi ng  the 

perio di c  table?) Yes. You work it out to get two 

electrons, two half filled orbitals in the outer level. 

(Gan you w o rk  it out from the Periodic Table?) No reply 

(You said two, was two m a inly from memory?) Mainly, yes



Pupi 1

5.

6.

7.

A. 2.33 .

Replies

(Try the next one) Boron and fluorine. Boron has a 

v al e n c y  of three and fluorine of one, so it is B F ^ . (How 

do you know Boron has a valency of three, you looked at 

the periodic table?) Yes. It is in the third column 

so it has got three orbitals in the outer layer.

H represents hydrogen, one half filled orbital, and the 

S w h i c h  represents sulphur has got two half filled 

orbitals. (How did you know that it had two half filled 

orbitals?) Well in the table it goes from hydrogen one, 

two and then across to boron three and carbon four and 

after that it goes three, two, one. You cancel that out 

and change it round and it goes hydrogen two, sulphur one. 

W ell the hydrogen sulphide, put down the symbol for 

h ydrogen and then for sulphur. I found what columns 

they were in the periodic table. I found sulphur to be 

in the second and the valency to be two. Hydrogen had 

one so I swapped over the valencies giving h ydrogen two 

and the sulphur one to make H^S.

You write down H, the letter for hydrogen and S for sulphur 

and find out the number of half filled boxes for hydrogen 

one, and for sulphur two. (How do you k n o w  that there 

are two half filled boxes for sulphur from the periodic 

table?) The first column has got one half filled box, 

the second column has got two, the third has got three, 

the fourth has got four, fifth has got three, sixth has 

got two, seventh has got one, eight has got zero. You 

write down H and S again, you cross over, you get H 2S.



H ydrogen sulphide, hydrogen is H, sulphide is S, 

hydro ge n  has got a combining power of one, sulphur two 

so reverse them, so it is ^ S .  (How do you kn o w sulphur's 

got a combining power of two? Where did you get it from?) 

The periodic table. (What is the relationship between 

position in the periodic table and combining power? How 

can you look at the periodic table and find out wh a t the 

c ombining power is?) The way it is laid out, it is done 

in m etals and non-metals. They are laid out in groups 

of combining power one, two, three, four. (What about 

the groups headed with nitrogen?) N i tr o ge n  has got a 

combining power of three, then three, two, one.

Hydrogen sulphide, S, combining power two, (How do you 

k no w  the combining power of sulphur is two?) Because

you count along the lines to four and then you, .....

you count across each row to four and then you count back 

the w ay  till you come to the last one and its nothing.

You have got the phosphorus, the valency that is three, 

you have got the oxygen, it is two and just turn them 

round, it is £2^3* where did you get the combining

power of phosphorus and oxygen from, how did you work 

out what they were?) You count along one, two, three, 

four and then it goes three, two, one.

H, hydrogen combining power one, S, sulphide combining 

power two, H2S, B, boron combining power three, F, f l u o ­

rine combining power one, ^ ^ 3.



A.2.35.

P u p i 1 Replies

12. The H comes from the hydrogen, sulphide comes from sulphur

S, v alency of hydrogen is one, valency of sulphur is two

flipped over ^ S .  (How do you k no w  the v a l en c y of sulphur

is two, where do you get it from?) The tables. It is

the sixth column along, it Ls eight minus six w h i c h is two. 

(How did you get SiH^?) Used tables again, looked up 

silicon and wrote down Si, and looked up hydride as 

hydrogen and the valency of hydrogen is one and the

val e nc y  of silicon is four, flip over.

Ref. N u m b e r  (7)

M a i n  question asked

E x p l a i n  h ow you fill in the blanks in this equation.

P u p i 1 Replies

1. 2.8.7. (How do you work that out?) Because the

seventeen it is two then eight, it is ten of electrons, 

the next level has the same number of boxes as the one 

before, there are only seven left. It is going to gain 

an electron for that one, it is goind to Cl , it has got 

o n e .

2. (You have writ t en  down chlorine gaining one electron to

become Cl+ ) It is a mistake. (In what way?) Well 

if it was gaining an electron it would make it negative. 

(What did you think about when you wrote down positive?)

I am not really sure, just a mistake I made in m y  head.

(And how did you work out the arrangement of electrons 

as being 2.8.7.?) Well I counted that and had e i g h t ­

een wi t h that at seventeen so I decided to add on 

another electron.



(How do you know that chlorine becomes Cl ?) Because 

there is one extra electron. (Why is it g a ining an 

electron?) Because it is in the last column. It just 

needs one electron to make its full orbital.

In the example you are given the atomic number so you 

see that and underneath it you want the shells of 

electrons, so it will be two for chlorine, 2.8.7. (How 

do you know it is 2.8.7.?) Because in the first shell 

there are only two and in the second shell it goes in 

eights, there are two plus eight plus seven is seventeen. 

(Why did you write down Cl ?) Because all the non-metals 

are negative. Plus one electron (and w h y  is it plus one 

electron?) because you chlorine itself is neutral so you 

need to add an electron to make it negative.

To take chlorine to 2.8.8. you need to add on another 

electron. The first column would be 2.8.7. w it h  s e v e n ­

teen. You have to add on an electron to get iL to 2.8.8. 

(How do you know chlorine is 2.8.7.?) The mass number is 

seventeen, there are two electrons in the first level, 

eight in the second and seven in the third. It gains one 

electron to make 2.8.8. (Why does chlorine become 

negative?) Because it has gained another electron.

W ell chlorine has got seventeen electrons and the formula 

for- that Is 2.8.7. and it has got a positive charge and 

something like a negative charge. The chlorine plus 

another chlorine would lose, they would gain together and 

one w o u l d  lose an electron and it would go onto the other/



A . 2.37.

P u p i 1 Rep lies

6. and the other would lose, one would lose and one wou l d

gain and they would be joined together as an atom and

that is how they join together. Chlorine is gaining an

electron and that makes it up to 2.8.8. its formula, so

it has been joined up to another atom, h ydrogen because

it has got one half filled box. (Pupil wrote Cl +  Cl —>
2.8.8.

Cl and changed this to Cl +  H Cl)
2.8.7.

7. (How did you k n o w  that chlorine was to gain an electron?) 

W el l  chlorine in the periodic table was 2.8.7. so it had 

to gain an electron to become 2.8.8. (Why does it become 

n e g a t iv e ly  charged?) Because it has got an extra electron.

8. (How did you know to add one electron?) By wo r k i n g  out 

the levels. (Why have you put Cl"*") Because there is 

an even number, all the orbitals are filled.

9. Chlorine seventeen, so the arrangement is 2.8.8. and one, 

it should be 2.8.7. (How do you know it is seven) Well 

c ounting out the wa y  electrons are, it should be two is 

ten and seven is seventeen. This one here has gained an 

electron. (Pupil wrote +  e on the right hand side of the 

equation and did not fill in the charge for the chloride 

ion. ( What has gained an electron?) This Cl here w i th  

it. (Pupil indicated the chloride ion on the right hand 

s i d e . )

10. I just, it was an e~̂  there so I had to take one off the

arrangement to make up that (that is 2.8.7.) Yes. (So 

you have the chlorine gaining what?) Gaining an electron.



A.2.38.

Pupil Replies

10. (And the charge on the electron?) negative (and you
+

wrote down e , why?) Because the electron arrangement 

there was 2.8.8. and if I had made that a negative, I 

w oul d  have had to go on to another electron cloud. (In 

fact it is gaining that to make 2.8.8. isn't it?) Yes. 

(So what ought it to be doing?) no reply. (Why is it

Cl ?) it should be plus because it gained a positive. 

(Pupil wanted to change Cl to Cl"*". If your Cl was 

right?) it wou l d have to be e (If you see Cl wri t te n 

down, w hat does it mean has happened to the chlorine?)

It has gained a negative. (Pupil did not see mistake 

and did not want to change his e"*" and left it as 

Cl +  e+  Cl+ )

11. (Pupil could only attempt the electron arrangement for 

chlorine and did not know how to attempt the rest of 

the question even on prompting. How do you work out 

the electron arrangement?) no reply. (Pupil wrote

2.8.8. and then crossed it out and then could proceed 

no further.

12. (Can you tell me how you got 2.8.8. for the arrangement 

of electrons?) Well it has got seventeen electrons and 

if you lose one it gets brought down to sixteen and it

is 2.8.8, it has got three shells (on the right hand side

you are showing that the chlorine is losing one electron)

no reply. (Pupil left it as Cl Cl +  e )
2 .8 .8 . 2 .8 .8 .



A.2.39.

Ref. N u m b e r  (8)
M a i n  question asked

H ow do you work out the formula for sodium chloride?

Pupil Replies

1. (How do you know the answer is right by looking at it?) 

Because the charges balance and cancel each other out.

2. Well I could see from the Li, lithium being in the same

one as sodium I could take that as positive and as the 

chlorine being in the same one as iodine I could take 

that as a negative, just being above it.

3. Sodium is Na, chlorine is Cl, so it will be Na^Cl

(Why one plus and one negative, and w h y  one of each?) 

Because chlorine just needs one more electron to make it 

a full orbital.
“f" ~4. (You have written Na Cl . How do you know that is right

by Looking aL it?) They are both valency number one, and 

s odium is a metal so it is positively charged when it is 

an ion, the chlorine is a non-metal so is negatively 

c h a r g e d .

5. (Why is it one sodium to one chlorine?) Because they

have each got a valency of one, combining power one.

(Can you tell from what you have w ritten down that you 

have got a combining power of one ?) from the attraction 

of one positive and one negative.

7. (How do you know it is Na+ Cl ?) Sodium having gained

electrons will become positively charged. Chlorine 

gained an electron and it is negatively charged.



A . 2.40.

P u p i 1 Rep lies

8. The atomic number is eleven, one half filled and the 

same with chlorine, therefore 1 i 1. (Why have you 

w r i t t e n  Na Cl ?) There is one extra electron so it 

will be negative.

9. (How do you know by looking at it that the formula is

correct? How do you know it is one sodium and one

chlorine?) By their combining powers. (How do you
2 -k n o w  is it Cl and not Cl ?) It has only got a valency 

of one. (If you write down Cl what does it m e an  has 

happ en e d to the chlorine?) Chlorine has lost an electron. 

(So if you write Cl it means that chlorine has lost aft 

electron?) Yes.

10. (Pupil wrote NaCl, but added the charges wh e n asked.

H o w  did you work the formula out? You used the combining

powers from the periodic table?) Yes.

12. Well sodium has got a combining power two, no one plus

and chlorine has got a combining power of one negative.

(How do you know It is one negative?) Non-metals have

a negative charge ( and w hy is it one negative?) Because

it has got a valency of one.

Ref. nu m be r  (9)

M a i n  question asked:-

E x p l a i n  h ow you worked out the electron arrangement for 

calcium?

Pupil Replies

3. There are two electrons in the first orbital so it starts

off two, then eight, eight, two.



A.2.41.

Pupi 1 Replies

4. (Looking at your arrangement of electrons w h i c h  column 

of the periodic table would you expect calcium to be in?) 

The second. (Why?) Because the last one is two.

5. Calcium is a mass number of twenty, divide up into the 

electron arrangement, there are two in the first level, 

eight in the second, eight in the third and two.

6. You w o rk  it out from hydrogen and you w o r k  across the 

table and it works out to 2.8.8.2. If you add up 2 .8.8.2. 
it will come out at twenty.

7. You have to work it out from the periodic table, how far 

down it is in the periodic table, then by wor ki n g out the 

different levels.

10. Because calcium has got an atomic number of twenty and 

in the first one there can only be two, and in the next 

two Lhcre are eight and there are only two loft.

11. There are two in the first level, then eight, then eight 

and two left.

12. It has got twenty electrons and it has got three filled 

shells and only two electrons in the fourth shell.

Ref. number (10)

M a i n  question asked

Ho w do you w o rk  out how m a ny  electrons calcium will lose?

Pupil Replies

1. Xt has got two in the outer shell as it is and ii i.L loses 

these so that will make it complete.

2. You try to take it back to eight, being the completely 

filled one.



A . 2.42.

Pu pi .1 Replies

4. The shells in the last one are two, and so you just

take away the two and you have got level electron shells.

5. Because there are two half filled orbitals in the outer

level.

6. Well whenever it has got eight that means that it is

u s u a l l y  filled, you cannot add anything to it.

7. Its electron arrangement is 2.8.8.2. it has to lose two 

e l e c t r o n s .

8. There are two half filled boxes, you need to get them

to another w i th  two half filled boxes.

9. Because there are two empty orbitals, two half filled

orbitals so it has to to lose them to make it full.

10. (Pupil wrote 6. Tell me how you w orked that out) There

can only be eight in the filled shell, no unless it is

a special one that has got more than that. (The question 

asked how m any electrons would it lose to have a completely 

filled level.) I thought it was to gain. (So you put six 

w he n  you thought it was to gain, to bring it up to eight) 

Yes. (So what would it be if it lost electrons?) Two.

11. It has to lose the outside two electrons.

12. Because it has only got two to lose. It has got a filled

shell, it has only got two in an unfilled shell.

Ref. N u m b e r  (11)

M a i n  question asked

E x p l ai n  how you arrived at your answer for the calcium ion.

Pupil Replies

1. Because when it goes to an ion it loses two electrons and 

this leaves a charge of 2 +



Pupil

2, 3,

4.

7.

8.

9.

10.

11.

12.

A.2.43.

R eplies

5. Because it has lost two electrons.

Because it is in the second column so it must need two

cJectrons, no, you take away two electrons so it is Ca*~ 
(Why will it have a double positive charge?) It is

losing electrons. (But why a double positive charge?)

It was positive before it lost the electrons.

(How do you arrive at Ca"*"?) Well it starts off Ca"*"

as an ion, that is plus two electrons, it has got to lose

the two electrons to make calcium.

(How do you arrive at Ca~^?) Because it has an equal 

number of ions.

(What is an ion?) It is its charge, it is a particle 

w i t h  a charge. (How do you work out the symbol for the

calcium ion?) Well, calcium is Ca (What is missing?)

The ion charge. (What should it be?) Two negative.

(Why is it two negative?) Calcium makes two so it 

combines two negative (Combining power of two?) Yes.

(Why is it two negative?) It has got two half filled

o r b i t a l s .

(Why have you written C a2 down, how did you wo r k that out?) 

Because the symbol for calcium is Ca and it is in the 

second column, so I put two after it.

(pupil m a de  no attempt) I don't k n ow  how to do that

question.
2 _

(Pupil wrote 2e, Ca ) Because it has got a vale n cy  of 

two, calcium, it will have two electrons minus. (It will 

have two electrons?) It will lose two electrons (What

will the symbol for the calcium ion be?)



A.2.44.

Pupi 1 Replies
2 -  2 -

12. Ca . It is Ca because it has lost two electrons.

Ref. numb e r (12)

M a i n  question asked:-

Exp la i n how you arrived at your answer for calcium 

c h l o r i d e .

P u p i 1  ̂ Replies

It is, Cl has a valency of one, calcium has a v alency  

of two, so it is going to take two chlorines for every 

c alcium to balance out the charges.

2. It is for the number of free bonds that you can manage 

to hook on to. It means that there are two free bonds 

that chlorines able to go on to and get calcium and so 

there are two can go to it to make it up to a complete 

overall equal in charge.

3. Because chlorine is just one negative charge and it has

got to become ncuLral, so Lhere are two of them. (In
23-order to do what?) Cancel out the Ca

2+  1-4. (you have written down Ca C l2 • How do you actually 

arrive at this formula?) Because they are all covalent 

bondings so there is no overall charge.

5. (Pupil wrote C aC l2 and then added the charges) Calcium

is Ca so it has got two electrons, two half filled

orbitals, Chlorine is Cl, has only got one, you cross-

multiply, you get C a Cl2 (You did not worry about

balancing the electric charge on the ions, you used a

rule, a mechanical method of getting it, for getting the
2 -

formula?) Yes. (Why have you written Cl ?) There 

are two chlorines there already, there should only have 

been one.



Pupi 1

7.

8.

9.

10.

A. 2.45 .

Re p1i e s

Calcium is positive, the chlorine is negative. (Why 

two chlorines with the calcium?) Calcium is in the 

second column in the periodic table, so you change the 

two from calcium Lo chlorine.

(Pupil wrote Ca C ^  ) Well calcium ’s combining power 

two, chlorine one (Why Ca~*~ and C ^  ?) Because calcium 

has got an equal number therefore, positive, chlorine has 

got an uneven number therefore, it is negative.

(Pupil wrote Ca^Cl^ and then a d d e d the charges, makin g
— 2+Ca , C I2 • What charge <sto you have on the calcium ion 

here?) Negative. (and on the chloride?) Positive.

(How many?) two positive. (How did you arrive at Ca 

negative, one negative in this case?) Well, their 

combining power, the formula is C a ^ C ^ *  (How did the 

chlorine arrive at a double positive charge? What had 

to happen to it to arrive at a double positive charge?)

W ell it gained two electrons.

(Pupil wrote C a C ^  and then added the charges Ca C^"*”*

Tell me how you actually worked out the charges on that 

compound?) Because calcium had lost its two valency 

power to chlorine and that would be negative, then chlorine 

gained them so that is positive. (How ma n y did the calcium 

lose?) Two. (So you have wr itten down Ca and C l2"*")
Yes. (Pupil did not wish to change these charges.)

(Pupil wrote C a IIC l 1 , then C a ^ C ^  and then added charges 

m a k in g  C a ^ C ^ " )  I wrote down the valence numbers and 

crossed them over. (How did you work out the charges 

on the ions?) I d o n ’t know.



A. 2.4 6.

Pupi- ̂  Rep lies
2 -  212. (Pupil wrote Ca Cl ") You flip over the electrons.

First take the calcium to chlorine and calcium to chlorine 

two of each so it will be zero. (So if it is two of 

each you keep the charge zero?) Yes.

Ref. N u m b e r  (14)

M a i n  question asked

H o w  do you arrive at the formulae for these ions.

Pupi 1 Replies

All the pupils except Number 10, stated that they just had to 

m e m o r i s e  these ions. None of them knew any way of checking on 

the accur a cy  of their memory.

5. (Do you have any wa y  of checking to see if they are

right?) Well, there should be.

10. (Pupil, wrote S^ ; h"̂ ; N.̂  ; NH,^~; How did you

work out the formulae for these ions?) The ones after 

the fourth column were the negative ones, the ones before 

it were the positive ones. (How do you arrive at 

carbonate as C2+ ? ) Because carbon was in the second 

column and it was a plus. (How do you arrive at nitrate 

as N^~?) Well nitrate was in the, after the fourth 

column, in the fifth one arid that was three and it was 

negative. (Does the -ATE at the end of a name tell 

you anything?) It has two things in it, two compounds 

that should have been NO, nitrate should have been NO.

Ref. Nu m be r  (16)

M a i n  question asked

E x pl a in  how you worked out these formulae.



Pupi 1

1.

3 .

A.2.47 .

Replies

K  is the symbol for potassium and it has got a v a l e nc y  

of one, it will be 1+  because it is going to lose an 

electron. (ibis (sulphate) has got two minus, it is 

going to take two of the K for every one of the sulphate 

ion. (Why do you put brackets around the OH in iron 

hydroxide?) Because it is three of the complete ions, 

not three hydrogens.

(Why have you written (NH^)2 , carbonate thus giving 

the carbonate ion a combining power of two when in the 

previous question you gave it a combining power of one 

Pupil had w ritten (CO^ ) ) It should have a 

c ombining power of two. (So you remembered it was two?) 

Yes. (Did that come from habit, from w riting formulae 

down? Have you written ( N H ^ ^ O O ^  sufficiently often 

for it to stick in your mind as righL?) No. (What 

convinces you that two is right?) I can remember it 

w r i t t e n  down in the table above sulphate. (Why did you 

put the brackets around the OH?) Because it is the 

w hol e  lot two times.

P otassium is k> sulphate is SO^, there is nothing else. 

(Pupil used (S0^~)) Magnesium is Mg, nitrate is N 03 
(Pupil used N 0 3 ” ). W hy do you put twice after the 

ammonium?) Because carbonate is valency number one. 

(Pupil had written 00^ in previous question) and 

ammo ni u m is valency number, you swap the numbers over.



Pupi 1

5.

7.

A.2.48.

Rep lies

P ot a ssium K, sulphates SO^, potassium has a vale n cy  

of one, sulphate has a valency of two, cross multi p ly

k 2s o 4 .

(Pupil wrote Mg^ (NO^)^. W hen you wrote magn e si u m  

nitrate, what combining power have you given to the 

nitrate?) No combining power. (None?) Yes. (How 

did you work out Mg^ (NO^)^?) No reply. (Tell me 

first how you wrote potassium sulphate) I found the 

symbol for potassium to be K, and sulphate SO^, sulphate 

has got a combining power of two, potassium has got a 

combining power of one. (Pupil wrote K^ S O^ )  M a gn esium 

has a combining power of two, the nitrate has got a combining 

power of one, so nitrate will be given a combining power 

of two. (Why did you put the brackets around the OH?)

If you did not put the brackets in, you wou l d be tripling 

the hydrogen and not the oxygen.

P ot a ssium is K, combining power of one, sulphate SO^, 

combining power of two, change across, it is lv,SO^.

A m m o n i u m  is NH^, combining power of one, carbonate C O ^ » 

change across (NH4)2<X>3 . Iron Fe, combining power of. 

three, hydroxide II, combining power of one so it is 

Fe (OH)^. (Why do you puL the brackets around Lhe OH?)

Well you know you are not going to m i x  them up wi t h  the 

combining power. (Would it have been all right to write 

F e(OH)^ without the brackets?) Yes it would.



A . 2.49.

P upi .1 Replies

10. P o ta ssium K  and sulphate is SO^. (Pupil wrote K  1 (SO^)2 
and made this K^CSO^). So (SO^) has a valency, combining

p ower of two. How do you know the formula is SO, and4
combining power two?) Just remembered that, M a g n es i um

is Mg, nitrate is NO, NO twice. (Why is it NO twice?)

Because magn e si u m has got a valency of two. (and what

is the valency of NO then?) One. A mm o n i u m  is NH ^

and carbonate is CO and just put the four off the NH.

(Pupil wrote NH(CO)^) it should be NH^, that should be

CO. (Pupil wrote NH^(CO).

12. P ot a ssium is K, sulphate is SO^, potassium has got a

charge of on$ and that got two electrons (Pupil wrote

K  SO^. If you do have to put the charges on po t assium

sulphate, how do you do it?) Flip over the sulphates

charges and the potassium's charges. Potassium has

goL one negative, sulphaLe has got Lwo electrons, flip

over, it's potassium would have two electrons, and sulphate
r2 e  - 1wo ul d  have one electron. (Pupil wrote K  SO^ ). Ma g ne s i u m  

Mg, nitrate NO^, magnesium has got a valency of two and

n itrate has got a valency of two, it will be just the

same (MgNO^) Ammonium is NH^, plus carbonate C O ^ , both 

got a valency of two, it will be just the same (NH^CO^)

Fe, three, hydroxides OH, iron has got a v alency of three 

and hydroxide has got a valency of two, flip them over,

it is F e ^  (OH)^. (Pupil used NO^ ; ^H^ » CO^ ; OH

in the previous question. Do you need a bracket around 

the OH?) Yes, so it is not just OH three, three hydrogen.



A. 2.50.

Ref. N u m b e r  (18)

M a i n  question asked

E x p l a i n  how you arrived at the formula for sodium silicate.

Pu p i 1 Replies

1. Silicon is in Lhe same column as carbon, it is going to

make the same ion with oxygen, with the same valency.

2. Silicon is in the same column as carbon so you take

s ilicate as carbonate.

3. It is in the same column as carbon, silicon, so it will

h ave the same valency, combining power. (Why SiO^?) 

Because it has the same combining power as carbon. (And 

will be like?) Carbonate.

4. Silicate, plus oxygen, that is SiO, silicon is underneath

carbon so that is silicate, maybe I m i ssed out something,

SiO^, it is the same as using carbon and I think it has 

got a valency number of two.

5. Silicon is in the same column as carbon, you .jusL use tha

carbonate and rep Lace Lhe carbon with silicon.

7. Silicon is in the same column as carbon, it must be given

the same combining power carbonate has, so I gave it 

SiO-^j a combining power of twice.

9. Well carbonate is CC>3 combining power of two, so,

silicate is in the same group, so it must be SiO^.

10. I do not kn o w that one. (Have you any w a y  of wor ki n g

it out?) Just getting the formula from the silicon and 

the oxygen and putting it together. (Do you know how 

you could work it out?) No. Haven*t had that before.



Pupil

12.

A.2.51.

Replies

I do not k now that one. (How do you wo r k it out?)

Si, silicate, means there, are two elements, sodium has 

got a valency of one and silicon has got a v a l e nc y  of 

two, flip over, it is Na^Si. (So silicon has got a 

v a l e n c y  of four?) No reply.



Cal cu l at i on  of correlalion coefficients

E a c h  item in the questionnaire was given 3 scores viz.

(1) an average assessment of difficulty by pupils

(2) an average assessment of "learning" difficulty by teachers

(3) an average assessment of "teaching" difficulty by teachers.

S im i larly actual performance in Test 1 and the re-run was taken

as the average pupil performance in a question.

P e a r so n  correlation coefficients were worked out using the formula 

given on page 2.18 using these average ’scores' on a question 

basis i.e. average score group x on question 1 compared with 

a verage score group y on question 1 and so on for question 2, 3,

etc.

r l pupil response v teachers "to teach".

r2 Pupil response v teachers "pupils to learn ii

r3
teachers "to teach" v teachers "pupils to l e a r n " .

r 4 pupils response v performance in test 1.

r 5 teachers "to learn" v performance in test 1.

r6 test 1 score v re-run score (Schools 2, 3, 4, 5, 7)

r7 Lest 1 score v Lest 1 score 

(Schools 2,3,4,5,7,) (Schools 1-7)



A.2.53.

Pr in c i p l e s  Behind Construction of Gagne Net

The net was based on the ideas outlined by Robert G a g n e a n d  

was c on s tr u c t e d  to show three distinct routes by w h i c h  pupils might 

arrive at formulae

(1) A  m e c h a n i c a l  approach using rote learning rules and a m i n i m u m  

of u n d e r s t a n d i n g  i.e. functioning at the Knowledge and Comprehension 

level.

(2) A n  ionic approach using a certain amount of learned rules but 

s how i ng  all the steps necessary for understanding so that a pupil 

m a y  fu n ct i on  at the Application level.

(3) A  covalent approach being as above but omitting the steps 

i n v o l v i n g  ion formation.

C a l c u l a t i o n  of Degree of Difficulty

It is appreciated that the method of matching subjective 

degrees of difficulty, an ordinal scale, to a set of cardinal numbers 

is o p e n  to criticism, but it does give a qualitative picture of the 

level of d i f fi c ul t y involved in a question. No attempt has been made 

to say that a question difficulty level 4 is four times as hard as 

one w i t h  diffi c ul t y level 1.



CHAPTER 3

PRE-EXPERIMENTAL PLANNING AND DESIGN 
OF THE REVISED TEACHING ORDER.



3.01
Introduction

With the evidence provided by the 1st test and questionnaire 
shewing that a large proportion of formulae and equations seemed to 
be memorised, it was time to re-examine the teaching order in SIII 
and SIV in order to spread the memory load over a period of time0

This gradual revelation of formulae and equations would have 
two main advantages.

(1) The pupils would learn a little at a time, practising 
what they had learnt and seeing its relevance.

(2) Pupils would not be overwhelmed by a flood of - difficulties 
during the concentrated work on formulae at the start of the third 
year.

The maturity study carried out by A. H. Johnstone^ at Glasgow 
had shown that

(1) work carried out in Glass 4 was done better than that 
done in Glass 3*

(2) pupils could competently handle the "organic1* work in 

Class 3.
In this study however, all pupils had completed the work on 

formulae and equations in one block before setting out on different 
routes. Pupils who followed the "organic1* route made no real use 
of their hard learned formulae of compounds, such as sodium sulphate, 
for nearly a year. The author felt that in any further study 
formulae and equations must be revealed slowly so that pupils 
learnt, and used, only a level of complexity that was essential 
to the problem in hand. To achieve this aim a new syllabus order 

had to be devised.



3,02

(1)

Construction of the New Teaching Order

In the construction of the revised teaching order, the following 
guidelines were thought to be important,

(1) As the "organic" side of the syllabus had been successfully 
taught in Class 3 and as the 'ionic1 work was better left to Class U 
then the syllabus order should be basically "organic" first,

(2) Formulae and equations were to be introduced gradually 
during Class 3,

(3) The mole concept and proportion calculations were to be 
left until Class 4- if possible,

(4.) Pupils were to have sufficient areas of work left to 
practice adequately their newly learnt skills of formula writing, 
calculations etc,

(5) There should be a relatively easy part of the syllabus 
left to be completed in the final stages of the run up to the 10 * 
grade examination to allow concentration and practice on revision 
topics,

(6) The amount and complexity of equation writing was to be 
kept to a minimum.

The first step taken was to examine the SoCoE.E.B. ‘O' grade
(2 )syllabus and establish what level of formulae and equation writing 

was the MINIMUM required for any particular section.
This examination is given in detail in Appendix page A,3«01 «= A,3,04- 

the following being a summary.

Full ionic/covalent 
formulae

Simple i,e, 
binary

H(2)f U)
1(5)
K(6)
M(2)

H(5) - (9) 
J(5) - (8)

"organic" i.e. 
structural

words

L rest
N
0
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There are of course very valid objections to using the absolute 

minimum complexity. They ares-

(1) writing full names of compounds in both formulae and 
equations can be very tedious and time consuming.

(2) pupils would not have written enough symbol formulae or 
equations to give them adequate facility (or indeed a chance for 
them to be imprinted) for their use when they are essential e.g. 
in calculations •

(3) Although pupils may be able to understand the meaning 
behind for example the redox pair

Zn  3  Zn^ + 2e
2e + Cu2+ — Cu

if this is the only form of equation they meet then they can find 
it difficult to relate this to the real life situation of a piece 
of Zinc dropping into copper sulphate solution.

Consequently simple binary formulae should be introduced 
as soon as possible along with the related organic structural 
formulae. In the experience of teachers in school 1 pupils 
found these relatively easy when approached from the "carbon must 
always have 4 bonds" standpoint and when formulae are written e.g.

H H 
I I

(i) H - 0 - C - 0 - H  or (ii) CH^CHj'OH
H H

and never as (iii) C^H^OH. The expanded formj as is to be
preferred with progression to (ii) only when understanding is 
sufficient. Use of type (iii) should be reserved until very much 

later, if indeed used at all.
When pupils use extended structural formulae for organic 

compounds this is a concrete operation, a physical act of writing 
each atom and all the necessary bonds. They do not have to
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conceptualise to try and reconcile formulae such as Na^SiO^ or 

^ ^ O H  "kb© real world of molecules and ionic lattices.

Having established the level of formulae to be used, the 
new syllabus order was devised. This is given in appendix A.3.05-A.3.08. 
along with any relevant explanations.
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Details of Syllabus Order Construction
N.B. (i) NIL word formulae only e.g. sodium chloride

(ii) -§• equations involving oxyanions are provided in the
(19)data book used in the S.C.E.E.B. examinations and 

therefore need only be copied.

Section Topic Level of Formulae required

G1

G2
G3

GLf
G5
G6
G7

HI

H2

H3

H4

H5 ) 
H6 )

H7 )
H8 ) 
H9

II

12

Evidence for atomic nature 
of matter
Symbols for elements.
Constituents of atoms and 
their arrangement in the atom
Atomic number
Mass numbers
Isotopes
Atomic Weights

Conduction of electricity NIL 
by substances.
Model, of chemical combination 
which fits in with the facts 
discovered in HI.

Experiments to support the 
ionic theory.
Conductivity related to 
number and mobility of ions.

Chemical formulae 
Ions containing more than 
one element.
Deduction of chemical formulae 
from analysis.
Formula weights.
Equations and their use in 
chemical calculations.

Action of metals on oxygen 
water and acids.

Displacement of one metal by 
another

NIL, symbols only,

Na+Cl"Simple formulae e.g, 
based on use of atomic 
structure and the fact that 
the overall charge in a 
compound is zero.
NIL

This is best left to much 
later in the order but 
requires HC1, NaOH- and NaGl.

Full formula knowledge 
required and the ability 
to deal with percentage 
compositions.

Full use of formulae and 
balanced equations.

By considering only the 
relevant species involved, 
then equations such as 
Na — >Na + g ; 2C1"
Cl^ + 25 are sufficient,
as for (l)
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Section Topic Level of Formulae required

13 Reduction of oxides Formulae .for binary compounds 
but unless a calculation was 
involved, words could be used.

u Do all metals form ions 
equally readily in solution

NIL

15 The ionisation of water. Formula for water.
16 Oxidation and Reduction as 

transfer of electrons. 
Electrolytic oxidation and 
reduction.

NIL if similar equations are 
used as in 11 and 12,

17 Corrosion of metals and 
protection.

as for 6.

J1 Acidic and basic oxides NIL.
J2 The Hydrogen ion H^ NIL

J3 Characteristics of acids. NIL if word equations or 
equations involving only 
relevant species are used.

pH and its uses NIL.
J 5 ) 

) 
)

The OlT ion and the 
characteristics of bases.

If acids are+treated as 
sources of H , alkalis as 
sources of Oil all volumetric

J8 ) 
) 
)

Simple volumetric work 
involving acids and bases.

calculations can be achieved 
by (i) writing correct 
formulae (ii) making the No. 
of H = No. of OlT e.g.
(a) NaOH — » 1 x 01T
(b) H~,S0. — > 2 x H then
2 x (a) 1 x (b). No equat­
ions need be written therefore 
except
H+ + OH" H20

J6 The process of Neutralis­
ation and precipitation 
Heat of neutralisation.

If the right solutions are 
chosen then only word equa­
tions and names of compounds 
are essential.

J7 Preparation of salts. NIL.
J9 Preferential discharge of 

ions (a) electrolysis of 
dilute sulphuric acid 
(b) electrolysis of sodium 
halide solutions.

NIL - when equations invol­
ving only relevant species 
are used.

K1 ’Burning* of ion pyrites 
and sulphur in air as 
industrial sources of 
sulphur dioxide

NIL.

K2 Properties of sulphur dioxide NIL
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Section
!--- — --— ---------- ---------

Topic Level of Formulae required
K3 2-SO^ as an electron donor NIL - ionic equations 

involving oxyanions are not 
required at 101 grade, there­
fore word equations will 
suffice.

K4 Conversion of sulphur 
dioxide into sulphur tri- 
oxide.

NIL

K5 Conversion of sulphir tri­
oxide into sulphuric acid

NIL

K6 Properties of concentrated 
and dilute sulphuric acid

formula for water e,g, 
C - C - C - C

K7 Industrial uses of sulphur­
ic acid.

NIL.

U The element carbon - 
different forms

NIL.

L2 Combustion of carbon NIL.
L3 Saturated Hydrocarbons "Organic" covalent type 

formulae based on Carbon 
forming J+ bonds, oxygen 2 
bonds, hydrogen 1 bond. As 
structure is of importance : 
here and naming by words 
would often be very tedious, 
this type of formula is 
essential.

H Oil and natural gas As for 3
L5 Hydrocarbons as fuels As for 3o
L6 Unsaturated hydrocarbons As for 3#N,Bi> it is important 

here for pupils to know the 
difference in structure 
between C^H^ and C^H^ and
to appreciate on a simple 
level the reason for Bro­
mine addition to

Ml Nitrogen NIL
M2 Ammonia NIL
M3 Manufacture of ammonia by 

Haber synthesis. NIL
M4 Oxidation of ammonia NIL.
M5 Properties of Nitric Acid

(a) as an acid
(b) as an electron acceptor

NIL if equations involving 
only relevant species are 
used (ionic equations with 
oxyanions not needed at 10 * 
grade,)
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Section Topic Level of Formulae required

M6 Nitrogenous fertilizers NIL
M7 Nitrogen cycle NIL

N1 Carbohydrates No structural formulae 
required in excess of the 
simple polymer model - use 
names.

N2 Alcohols, acids, esters Words could be used here but 
this might make the idea of 
esterification even more 
difficult when pupils could 
not picture or visualise the 
loss of H and OH, The use 
of formula as used in L3 can 
be continued, e.g. seeing 
ethanol as based on ethane.

N3 _.Fats and detergents Exact formulae are not import­
ant here. Use words and 
simple diagrams.

N4 Proteins Treat as for carbohydrates. 
Need for functional group 
structure for amino acids.

01 Synthetic polymers Formulae as in L3 and Nl,
02 Silicones Formulae as in L3 and Nl.



Revised Teaching Order
A.3.05

Approx* 
:* Time 
Scale

Ref.
No. Topic

S.CoE.E.B« 
Section 
Number

Aug. 1 Atomic structure etc. G1 - G7
2 Simple ideas on bonding (ionic, 

covalent, metallic) HI - H3
3 Simple binary formulae (from the 

periodic table). Do not insist on 
charges on the ions. NaCl is 
acceptable.

H5

Oct.

Jan.

U Fuels and related substances (exclude 
addition polymers). Always use 
structural formulae (to show carbon 
valency 4 etc.) and equations (which 
need not be balanced) treated as a 
summary of what has happened.

Li - L6

5 Foodstuffs and related substances
(i) Carbohydrates, alcohols, acids,
esters. Quick revision of the idea
of ions and how they arise - do noJ_
include complex structure e.g. SO.4
(ii) fats and detergents

Nl - N2 

N3
March (iii) Proteins

N.B. leave the explanation of basic 
character of the amines till M2

N4

April 6 Formulae of oxyanions such as 
sulphate and compounds containing these.

H6

May
7 Simple equations - include those of the 

type F'e Fe + 2e
8 Reactivity series, corrosion. Write 

equations in terms of relevant species.
11 - 17

June 9 The mole concept, formula weights etc. H7 - H8
10 Balancing equations and their use H9
11 Sulphur Chemistry K1 - K7

Aug. 11 Sulphur Chemistry K1 - K7
Oct. 12 Nitrogen Chemistry. Use these 

sections (K and M) as good practice 
for balancing equations and their use 
for calculations.

Ml - M7

13 pH, conductivity etc. 
(Include section H4 here)

J1 - J6 
H4

Jan. H Simple volumetric work. Bring in the 
concept of MOLAR solutions, and simple 
calculations on molarities,

J8

15 Preparations of salts - interconversions 
(good practice at writing equations.)

J7

16 Preferential discharge of ions, elec­
trolysis. J9

Mid Feb. 17 Macromolecules 01 - 02



Comments
Ref.

2,5

3

5(ii)

5(iii) 

6

A.3.C6

By introducing bonding and therefore the idea of the 
existence of ions at Stage 2, the teacher is able to use 
Stage 5 as a time for reinforcement/checking and revision 
of this difficult area.
Introducing binary formulae at this stage will give 
formulae of sufficient complexity to deal with stages 
J+, 5, but are to be used tc convey which atoms are present, 
and how many of each. Hence ‘covalent’ formulae are 
sufficient.
Even though most schools probably follow carbohydrates

(2$)with a study of proteins as in Chemistry Takes Shape , 
it was felt that, as in the S.C.E.E.B. scheme, fats and 

detergents followed more naturally the study of esters.
As the pupils have not met the concepts of acids and 
alkalis, the explanation of basic character must be left 
until Stage 12.
The ions that are introduced here should be only those 
that the pupil is going to use commonly namelys- 
Hydroxide (OH)” Sulphate (SO^)^” Phosphate (PO^)^”
Nitrate (NO^)” Carbonate (CO^)^”
Ammonium (NH,)+

i /j.

The need to include Phosphate is very debatable at this 
stage and can be profitably omitted.
The extrapolation of e.g. Carbonate to Silicate is a 
process well beyond most pupils at this stage, and should 

be left until a lot later.
Formulae should be written covalently e.g. EUSO..
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Ref,

7,8 Reactivity series and corrosion provide good practice
material for writing simple equations, hence formulae amd

2+ —equations of the type Fe — ^ Fe + 2e remove the
2+ 2-need for formulae written ionicalljr e,g, Cu + SO.4

9,10 The mole concept is introduced here, towards the end of
Class 3, to enable teachers to start Class 4 with a 
revision of the topic. Thus this difficult concept is
introduced, given a little practice in June of Class 3,
allowed to ferment over the summer break, revitalised in 
August and then put to work in the Chemistry of Sulphur 
and Nitrogen,

11,12 These sections are essential practice for balancing
equations and calculations,

13 Formulae of the type 2Na + SO."* must be introduced and4
used. The state symbol:: (aq) can be introduced but it
is doubtful how much information it transmits to the pupil*

14 Having given the mole concept time to be assimilated, 
progression can now be made to the concept of a MOLAR 

solutiono
15 This very practical stage is less intellectually demanding 

than many and allows the teacher to revise past work while 
giving essential practice at writing equations,

16 Putting section J9 here allows the teacher to revise

(a) Ion formation
(b) oxidation/reduction
(c) simple equation writing
(d) reactivity series
(e) mole concept

17 This relatively straightforward and practical stage which 
is not conceptually demanding gives pupils



A.3.08
(a) a pleasant end to their *0’ grade course,
(b) time for more revision.



CHAPTER U
PHASE 2 - MATURITY STUDY INVOLVING THE REVISED TEACHING ORDER 

AND ATTITUDE QUESTIONNAIRE.
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Experimental Desire.
1. Set up a learning gif qat-ion in order to evaluate the revised 
teaching order., having both experimental and control groups, This 
would involve the two year period from the start of Class 3 to the 
10 1 grade examinetrion at the end of Class 4..
2« Devise a number of tests to measure pupil performance in the 
areas of formulae,, equations and the mole*

3# Gather from schools *0* grade results in Chemistry and 
relevant I»Q» data where possible,
4., Statistically compare the performance of the groups involved,
5c Draw valid conclusions#
6. Carry out a similar attitude survey as in Phase lf at the end 
of Class 4-0
7* Draw valid, conclusions.

About 20 schools were selected to give a reasonable cross- 
section of pupil So The Heads of their Ghemistry departments were 
met personally and the revised order explained. Some had tc decline 
for administrative reasons., others accepted tc be purely controls.
The list of schools whc accepted is given in Appendix page A,4,Cl.
The- final roll cf schools still gave a sample which container schools 
from a wide var.i.ery c f si.t oations* reflecting the whole Scottish 
Situation. I ntern a l d if f ic u l t i e s  in schools led to there being three

t e a c h i n g  orders, see d ia g ra m  4.01 on page 4.011. It was hop ed  that

schools w o u l d  be able to provide 'matched' groups of pupils i.e. that 

pupi ls  w o u l d  be div id e d into two groups on the basis of pe r f o r m a n c e  in 

Glass 2, so that the two groups w e re  equal in ability and performance.

E a c h  group could then be subd i vi d ed  into t eaching sets. It was not

p o s s i b l e  to ob t ai n  this ideal and the re s ultant arra n ge m en t  is shown 

in the table on Page' 4.02.
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A  general o utline of the three teaching orders.

Diagram 4.01.
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School 
Number(s) Description of situation

A, 5 All pupils following the traditional order - to be 
called Standard (II)

1* 3* 7* U All pupils following the Revised order*
9, 10* 12* 15 Pupils divided into 2 approximately matched groups 

(a.) _ following Standard II order 
(b )following Revised order.

2, 8* 13* 16 Pupils divided into 2 approximately matched groups 
(a) following 1organic first1 order but with all 

formulae, equations and calculations at the 
start - to be called Standard (i)

( t.) following Revised order.
11 All pupils following Standard (I), order.

This arrangement meant that a number of different aspects could
be examined at the one time*
(1) Does the revised route make the course significantly easier 

for pupils?
(2) Does having the school only partly committed to the revised 

order i0e, with matched groups* affect significantly the 
performance of either group with respect to schools wholly 
committed one way or the other?

(3) Does the gradual revelation of equations have a significant 
advantage over 5en bloc1 revelation when pupils follow the

organic first teaching order?

(a) It was decided to administer 5 short 20 mark tests* one for
each topic* as given belows-

(i) Binary formulae
(ii) Formulae with oxyanions
(iii) Formula weights and the mole
(iv) Balancing equations and calculations
(v) Revision of (i) - (iv)



The final comparisons would be taken from the results of the 
May 1973 ’O' grade examination*

(b) Pupils would sit the tests whenever they had completed the 
relevant work, with test 5 being at a common time* The 
approximate timetable is shown belows-

All Pupils in Class III

Atomic Structure

Simple formulae & bonding

Sept/Oct* 71* Test (i)
Standard Order Revised Order

Test (ii) —>

Test (iii)-> 
Nov/Dec Test (iv)— ^

^ Test (ii)

i Test (iii)

4 Test (iv)

Jan. 73 Test (v) 4 Test (v)

V
101 grade May 1973
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Test Construction

It was decided to make these tests of either fixed response 
questions or where appropriate, questions involving only one or two 
word answers to make marking as objective as possible.

A complete fixed response . layout was rejected in order to allow 
for testing of understanding rather than recognition in various parts 
of the test, even though this made analysis of the results more 
difficult.

The completed tests are given in appendix page A.4.o02-Jb4®17 along with 
the reasoning steps involved.

Teachers marked the tests according to fixed marking schemes 
details of which are given in Appendix page A.4..1&?A,4..22 and sent in 

their results on a mark return sheet (see appendix page A.4-.23) and 
on receipt of this were sent copies of the next test. Although 
returning marks in this format forbade any detailed investigation 
into performance on specific questions, it was felt that as so much 
of the success depended upon teachers good will, then they ought not 
to be asked to provide a detailed analysis which would be time 
consuming. However, for Test 5 it was felt that a special effort 
would provide useful information, and a detailed mark return sheet 
was sent out with this test. A copy is given in appendix page A.4.24,. 
Administration

Schools were asked to teach pupils 
(«) as they had traditionally - Standard II. 

o« (fc>) formulae, equations nen bloc11 followed by the organic first - 
Standard I (This corresponds to the covalent group of A. H,

Johnstone ̂ ).
oft Cc ) according to the Revised scheme and using the approach to 

formulae and equations suggested during the visit.



Schools that were providing ’matched groups' did so on the 
basis of performance in Class 2 in Chemistry or Science, The 
experiment was launched in August 1971 and the pupils of Class 3 
followed through to the 'O' grade examinations in May 1973, After 
the experiment had been concluded, I,Q. data were requested from 
schools to see whether the ability levels in the various groups of 
schools were reasonably similar* (See Appendix page A.4*2$)
Results

The results are tabulated in Appendix page A.4.*26~A.4«»28. Some 
schools, for various reasons, did not send in the results of some 
tests* These are shown as blanks in the tables*
Calculations*

Means and standard deviations were calculated using scores of 

2, 7, 12, IS for the bands 0 - 4-* 5 - 9, 10 - 14, ^  15 respectively.
Because many schools did not wish to split their pupils into 

2 different teaching orders, but were prepared to enter into the 
research on the basis of all one way or the other, it was not 
possible to obtain completely, schools with matched groups. It 
was hoped that it would be possible to match schools from the 
different orders to give comparable samples, but this proved 
extremely difficult..

Formulae, equations and calculations form only a part of the 
S.C.E. *0' grade examination but this examination
can be taken as the best available assessment of the overall chemical 
ability of the pupils. Product moment correlations (as o.n 
were calculated between the results of Test 1 and '0' grade scores 
for the various teaching orders. These were quite high.

Revised Standard (i) Standard (II)

•'T (test I V  >0') 0*6 0.7 0*6 **

** School 4 omitted because its results from Tests 1 & 2 were 
anomalous caused by internal difficulties.
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B earing in m i n d  also that any differences in teach i ng  up to 

T est 1 should be m i n i m a l  bet w ee n  the groups, it was d e c id e d to use 

Test 1 as a pre- t es t  in order to balance the 3 teaching groups.

It was obvious that the schools whic h  w ere f ol lowing the revised 

ord er  e n t ir e ly  could noL be m a tched d irectly with those f o ll owing 

the S tandard II order - there being too large a d is p a r i t y  in means 

on T e st  1. E v e n  w i t h i n  those schools w h o s e  groups had been m a t c h e d  

on the basis of second year p er f or m a n c e  there w as a c on s iderable 

variation. To overc om e  this the following p r o c ed u re  w as adopted.

Schools w e r e  p icked from the 3 t eaching groups to give samples 

that had

(1) means, as shown in the total columns page 4.061 - 4.063, 

di ff e r i n g  by less than \  standard deviation,

(2) c o m p a ra b le  total numbers,

(3) co m pa r ab l e standard deviations;

for each of the comparisons that were to be made.

Deatils of schools selected and tables of results are given in 

T ables 4.01, 4.02 and 4.03. Pea r so n  c o r r el a ti o n coeffi c ie n ts  we r e  

c a l c u l at e d usi n g average scores for each group on each question.

(see p age A . 2.52) ' Z1 tests we r e u se d  to test for significant

differences.
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4.07.

D i s c u s s i o n  of Results

(a) Revised V Standard 1

The results show no significant diffe re n ce  b e tween the two 

groups. For Test 4 (calculations from equations) however, the 

d i f f e r e n c e s  are largest, but this difference does n ot seem to be 

m a i n t a i n e d  in the r elevant parts of test 5.

(b) Revised V Standard IT

T h e se  results show no significant d if ference between the two 

groups. The larger differ e nc e  in Test 4 is again in evidence.

(c) Schools w i t h  all groups on Revised V Schools w i t h  m a t c h e d  groups 

D a t a  was  too i n complete for any significant analysis to be made.

S u mm a ry

(1) A l t h o u g h  lack of data pre ve n te d  a complete m a t c h i n g  of schools 

so that no sign i fi c an t  di fferences were obtained, there are trends 

w h i c h  suggest the success of the Revised route.

(a) the top me a n  score in each test and the top average p e r f or m an c e 

in ' O ’ grade comes from the R e v i s e d  group (except test 2 whe re  

top R evised m e a n  =  14.8 - top Standard I m e a n  =  14.9)

(b) Except for one school, Lhe Revised group m anaged c on s id e ra b ly  

b etter at the dif f ic u lt  concepts of the mole and calculations.

B oth of the above m a y  of course be due to not h in g  m o r e  than an 

inherent d i f fe r en c e in ability of the groups. Given that a p p r o x im a te l y 

5 0 - 6 0 %  of pupils follow at least a part S.C.E. course (based on data of 

S t i r l i n g s h i r e  schools), they will on average have a V.R.Q. of a pprox 

9 7 - 1 4 0 ^ 2°^and alth o ug h  the V.R.Q. data obta in e d was v er y  scant, it does 

s how that o ur sample (V.R.Q. range 95-135 i.e. 110 - 2cr) does not 

d if f e r  gr e a t l y  from this

(2) Schools fo l lowing the Revised route have not been d i s a d v a nt a ge d 

because of less time for p ractice of formula w r i t i n g  etc. T h e y  have 

p e r f o r m e d  at least as well, if not better than those taught by the 

S t a n d a r d  routes.



Unfortunately some schools failed to distinguish between their 
teaching groups, when filling in the more detailed mark sheet for 
test 5* This left considerably fewer results for analysis and 
consequently less significance can be attached to them* The results 
which could be identified are tabulated in Appendix page A.4*29,
The percentage pass for each question was calculated and these 
results tabulated in Appendix page A.4.30* A graph of the mean 
percentage pass was drawn for all three groups - Revised, Standard I 
and Standard II,and this is shown in Graph 4*01*

The results were then grouped together in broad topic areas viz.

Group Questions

(i) Binary formulae "  1 - 3

(11) Formulae including oxyanions 4 - 8
(ill) Extrapolation to silicate 9
(iv) Extrapolation given the formula for the oxyanions 10

(v) Balancing equations 11 - 12

(vi) Writing balanced equations from basic knowledge 13 - 14
(vii) Calculation of formula weights 1$
(viii) The mole concept 16 •>» 19
(ix) Calculations from an equation 20

and are tabulated in Appendix pageA.4.31* A graph of this grouped 
data was drawn for each of the three routes, and this is shown in 

Grahp 4*02*
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Discussion of Results

Although the groups did not start their !0f grade course as
•*

matched groups, the product moment correlations between the results 

of test 5 are very high,,

All Questions

(Revised V Standard I) 

(Revised V Standard II)

3̂ (Revised V Standard I) 

^(Revised V Standard II)

0.92
0.83

0.97
0.92

For many questions the % pass obtained by all three groups was 

very similar. It is therefore, those questions where there is large 

disagreement that will be of most interest.

(a) Questions 1 - 3. Binary formulae

(1) CaCl9 (2) Na20 (3) Ĥ S

Revised 81.9 86.5 64.9

Standard I 82 o 8 74.7 37.4
Standard II 70.4 52.1 21.8

It is significant that the interpretation of “sulphide” has 

once again proved a great- problem especially to the Standard II 

group, although this does seem to be very school biased. It is 

unlikely that pupils would write Na^O from recall, and as the results 

of 1 and 2 show only a relatively small decline, it is reasonable to 

assume that pupils are competent at handling the “mechanical rules”. 

It would seem, therefore, that the problem with “sulphide” Is the 

inclusion ol oxygen.

There js the e x p e c ted increase in performance in question 1 

comnared with Phase I, due to Increased maturity, practice, etc.

Calculated as on Page A . 2.52.
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(b) Questions 4.-80 Formulae with oxvanions

(4) Sn(0H)2 (5) Na2S0 (6) Ba(XL (7) Fe2(S04)3 (8)NH^N03

Revised 47.7* 70.2 62,8 62,8 53.8
Standard I 61,6 65.6 66,7 67,7 53.5
Standard II 48,6 46.5 63,4 49 o3 45.8

* Depregged go low by the exceptionally low gcore of 1 gchool and the 
low gcore of another®
Q4* could be that the problem here ig the game ag that detected 
in Phage I, namely leaving out the brackets, or poggibly not inter­
preting Sn(ll) correctly, although the regulte of queetion 7 would 
geem to rule this out.

The figures show a remarkable consistency in performance with 
"ammonium1* providing a difficulty to all groups. Perhaps the error 
here is in writing NH^ as was encountered in Phase I, The inter­
pretation of Fe(lll) does not appear to have presented too much 
difficulty,
(c) Question 9„ 10, Extrapolations

(9) Na2S103 (10) K2Cr20^ (given Cr20^~)

Revised 16,6 68.0

Standard I 13.1 74.7
Standard II 9.2 55.6

Question 9 showed considerable school bias, with a range of 2.6$ 

to 31*4$ correct. The Revised group performed considerably better 
than either of the other two groups, and in fact the Revised group 
of school 8 who overall on test 5 were very much poorer than the 
Standard I group, performed considerably better in this question.
The evidence would seem to support the idea that slow revelation of 
formulae/
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formulae increases basic understanding and hence the ability to
extrapolate, but it is not conclusive* The major issue remains
however, that at best only 30% of pupils could answer this question
and whether or not this sort of logical thinking should be included
at 'O' grade, merits further investigation*

That all groups performed better on question 10 when provided with 
2-the formulae fo^O^ than on average in questions 4 - 8, would seem to

(2l)support the inclusion of the formulae of oxyanions in the data book' 
provided at the SoC*E, examinations* Obviously the mechanics of 
formulae writing can be mastered to a reasonable level of competency*
(d) Question 110 12, Balancing Equations

(11) (12)

Revised 77.5 76.0
Standard I 71.7 76*8
Standard II 41.5 44*4

All schools showed good consistency in performance on these 
questions* Because of this it is possible that the majority of 
pupils can either balance equations well or not at all*

The difference between the Revised and Standard II groups for 
these two questions is the largest of all those in test 5 (except 
question 3). The evidence seems to indicate then that postponing 
the bulk of the equation writing and balancing until Class 4 leads 

to improved performance.
That two schools whose conditions were probably better than most 

(good equipment, constancy of staff, small classes etc*) could achieve 
90-95% success on these questions, shows what can be achieved by 
ordinary pupils given these favourable conditions*
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(©) Questions 13. 14. Writing Balanced Equations
(13) 2S + 302  >  2 S03

(14) 3Pb(N03 )2 + 2A1C13  > 3PbGl2 + 2Al(N03 )3

(13) (14)

Revised 29.8 30.2
Standard I 14.1 22.2
Standard II 8.5 19.0

As was discovered in Phase I, pupils have great difficulty in 
translating an equation in words into those containing formulae* 
Schools have an 80%+ pass for writing formulae and for balancing 
equations, yet only achieve 30-40% pass on these questions*
(f) Question 15* Calculation of formula weights

(15) Ca3 (P04)2

Revised 88.6
Standard I 90.9
Standard II 73.2

All schools except one had very high % passes on this question. 
This is in agreement with the result from Phase I.
(g) Question 16 - 19* The mole concept*
(16) What is the weight of 2 moles of CI^COOH
(17) How many moles of Cu are needed to make 1 mole of Gu,0

Cu + 02 ---2Cu0
(18) How many moles of N02 are produced by heating -J- mole 

of Pb(NCL)0
heat

2Ph(W03 )2  >  2PbO + 4N02 + 02

(19) What weight of oxygen is there in 1 mole of Cu (NC>3)2

(16) (17) (18) (19)

Revised 79.1 36.0 46.8 81.5
Standard I 86.9 29.3 50.5 69.7

Standard II 78.9 28.9 41.5 69.0
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The high pass levels in 16 and 19 confirm the result from 

question 15. It seems likely that the partly balanced equation in 

question 17 was misleading. Introducing fractions and proportion 

leads to a fall in results in all schools. This, however, is a 

considerable improvement on the results from Phase I, which is 

possibly due to increased maturity and practice,

(h) Question 20o Calculation from equation.

What weight of A1 would react completely with SOg of CuO,

A1 + CuO -- — A1203 + Cu

(20)

Revised 23.7
Standard I 24,2
Standard II 14.8

With pass levels as low as 5% and a maximum of only 40% for 

any group, this type of question does seem to be beyond the majority 

of candidates at ’O’ grade,

Sunnii.i ry

(1) The basic idea of ’organic* first can produce good results 

for formula writing, balancing equations and the mole concept,

(2) The major advantages of this organic first approach are ins-

(i) writing binary formulae especially not confusing IDE

with ITE.

(ii) no need for balancing equations.until Class 4»

(3) Prom the data available there would appear to be no significant 

difference in performance of the Revised and Standard II, groups.

It is perhaps of note, though, that a let of pupils following the 

fievised order have achieved a higher level of consistency in formula 

writing and calculations than those in the Standard groups. The 

evidence is of course not conclusive.
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Validity of Tests

To see whether performance in these tests was related to overall 

chemical ability, product moment correlations between each test and 
the *0* grade results were calculated. (As on page A.2.52)

^ r (test 1 v ’O1 grade) O.64
(test 2 v >0* grade) 0.42

■f"7 (test 3 V  10* grade) 0.4&
g (test 4 V *01 grade) .01 (lot of scores missing)

(test 5 V *0* grade) .80

Although these favourable correlations seemed to suggest that at 

least performance in the tests was related to overall chemical ability 

(as measured by the 10 * grade examination) it was decided to examine 
individual pupil performance throughout the series of tests. It 

was only possible at this late stage to obtain information as detailed 

as this from school 3.
The results aro tabulated in appendix page A.4.32-A„4.33. Product 

moment correlations were calculated giving

f  (Total v ’O' grade) = 0.68
(test 5 V '0s grade) = 0.68

Using the same results . -, Spearman rank correlations were

also calculated comparing rank order in each test with that obtained 

at 'O' grade.

Test 1 V  *03 grade 0.37

Test 2 V !0* grade 0.57

Test 3 V  * 0 * grade 0.51

Test 4 V ’0“ grade 0.67

Test 5 V l0f grade 0.62
These results would seem to indicate that performance in the

areas under test is related to overall chemical ability as measured 

in the ’O’ grade examination. It is not surprising that the lowest
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correlation is for binary formulae which demand the least conceptual 

development for mastery.

Puoil Questionnaire - Phase II (See Pages 2.17 and 4.01)

Construction

It was decided to limit the number of questions to those 

specifically on the topics under investigation in order to concentrate 

pupils attention on to them. The number of categories of answer 

were also reduced to 3 to make evaluation easier for them. The 

complete questionnaire is given in appendix page A.4-.34.

Administration

Pupils were asked to complete the questionnaire after they had 

sat test 5.

Results
Not every school differentiated between their teaching groups 

when returning the questionnaires. This meant that some of the data 

was unusable. The results that could be identified are given in

appendix page A.4.35.
A similar marking'scheme to that used in Phase I was employed 

(See pages 2.17 and A . 2.53) where

Easy to grasp = 1

Hard to grasp = 2

Never really grasped = 3

(A topic that was thought by pupils to be of reasonable difficulty 

should have a mean score of 1.5). The mean scores were then 

multiplied by 25 to give a range of 25 - 75.
A graph was then drawn oh the results from the three teaching 

groups (Graph 1.03.)
The means of the corresponding questions from the questionnaire

1 5in Phase I were multiplied by a factor of to give them approxi­

mately the same range as the results from Phase II and these results
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added to the graph.

Product moment correlations were calculated as follows:-(See page A.2.52)

^ x (Revised V Standard I) = 0.94

^  2 (Revised V Standard II) = 0.90
(Kcvised V Phase I) = 0.82
(Standard I V Phase I) = 0.80

f  5 (Standard II V Phase I) = 0.81

t 6 (Standard I V Standard II) = 0.97

As can be seen from the extremely high correlations the questionn­
aires seem to be consistent.

Whenever possible questions were matched with those in Test 5 
(grouped data) - scores in test 5 being taken as (100 - % pass) to 
give a measure of the degree of difficulty. These results are 
tabulated in appendix page A.4*36.

Graphs were drawn of pupil response v % fail in the grouped data 
from test 5. (Graph 4..Q4)
Discussion of Results

(a) pupil responses
As can be seen from the graph, the responses from the 3 groups 

are very consistent. The p at t er n  that emerges is

Revised group <  Standard II O R  Standard I
(With II 4 I on the A p p l i c a t i o n  level Questions)

These differences, however, could well be due to a basic
difference in performance of the groups as seen in tests 1 - 3 ,

They are by no means matched groups.
It is where there are major breaks from this pattern that will

be of most interest
(i) Question (2) - electron arrangement

Standard II group lowest - probably due to sampling errors.
(ii) Question (3) - formation of ions.

Revised group-found this more difficult than the other 2 groups. 
This could be due to the emphasis placed on the ,,covalentir approach 
and the laek of practice wibh ions and ionic formulae.
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(iii) Questions 5 & 7. - Binary formulae and Ionic formulae

The Revised group thought that formulae of the type Na^CO^ 
more difficult to learn than those of the type NaCl. Both Standard 
groups thought the reverses This difference was borne ■ out in the 
performance of these schools on Test 5*
(iv) Questions 11, 12, 13 - Calculations, molar solutions, 

calculations with molar solutions.
The Standard I group thought these most difficult but this

can not be significant when all the schools in the 3 groups greatly
underestimated the level of difficulty of these questions.
(b) Purdl responses V performance..in Test 5.
(i) All pupils over estimated the difficulty of these topics0
(ii) Although pupils all thought that calculations involving the 
mole were very difficult, their performance on test 5 on this topic 
was no worse than that on ionic formulae.
(iii) All Pupils underestimated the difficulty of calculations from 

equations.
(iv) As was discovered in Phase I, calculating formula weights 
presented far less difficulty than anyone estimated,
(v) Pupils at the end of Class 4 were able to make a more consistent 
judgement of difficulty than those who were tested in Phase I, when 

in Class 3.
GENERAL CONCLUSIONS
(1) Prom the results obtained, it would seem that generally the 
Revised group found the course easier than the other groups did, 
although this may be a function of their overall ability.
(2) Pupils were consistent judges of difficulty, even if they 
over estimated. The fact that pupils in Class 4p s.fter exam hurdles 
over estimated a difficulty, while pupils in Class 3 underestimated 
difficulty (see Graph 2eD2 page 2.172) is perhaps significant. let 
pupils still underestimate the difficulty of calculations from equations.
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(3) The data obtained was too incomplete to make any valid 

.judgement on the other two objectives given on page 4.02 viz.

(i) Does having the school only partly committed to the 

Revised order (i.e. with matched groups) affect significantly 

the performance of either group with respect to schools wholly 

committed?

(ii) Does the gradual revelation of equations have a significant 

advantage over 'en bloc1 revelation when pupils follow the 

’organic first’ teaching order?
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List of schools who took part in the evaluation of the revised
teaching order.

School No. Description of the School

1 6 year selective in Central Scotland
2 6 year selective in a developing, industrial area
3 6 year comprehensive in Glasgow overspill area
4 6 year Roman Catholic comprehensive in Central

Scotland
5 6 year comprehensive in a large city,
7 6 year comprehensive in a rural area,
8 6 year comprehensive on the East Coast.
9 Developing 6 year comprehensive in a New Town.
10 6 year Roman Catholic comprehensive in the West 

of Scotland.
11 6 year comprehensive in a large town with an 

average intake,
12 6 year comprehensive in the North.
13 6 year comprehensive in an Island community,
14 6 year comprehensive in the suburbs of a large

town in West Scotland.
1$ 6 year comprehensive in a large town in West Scotland.
16 New, developing, 6 year comprehensive in a large city.
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Test 1

University of Glasgow
Research in Chemical Education

In question 1 and 2 tick the correct answer (or answers)
1* Atoms of the same element always have the same number of

A, Protons 
Bo Neutrons
Go Electrons

• . —  _ _ _ _ _

562* Air atom of Fe has
26

Protons Neutrons Electrons
Tick 
here .

A 26 56 26
B 30 26 26
C 26 30 26
D 26 30 26

In the following questions write your answer in the space provided
3* Which kind of bond 

I
A - Electrovalent B - Covalent
would you expect between the following pairs of atoms
(i) S, S
(ii) Ks Br
(iii) Ca, 0

Which elements are present in the following compounds
u) Hydrogen Sulphide

(u) Aluminium Bromide

(iii) Magnesium Nitride

(iv) Sodium Hydride

Write the formulae for the following compounds

(i) Potassium Bromide
(ii) Hydrogen Sulphide
(iii) Carbon chloride
(iv) Aluminium Oxide
(v) Nitrogen Hydride
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6, A pupil wrote the following formulae in his book, Put a 

cross against those you think he got wrong
(i) HOg (ii) H^N (iii) MgGl (iv) P^O^ (v) HI

Now write the correct formulae for 2 of the ones he got wrong,
A.......... ............
B........ . . . . .
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Test 1 
Question

1 An easy starter, but testing understanding of atomic 
structure

2 Typing error made responses C & D the same. This was 
picked up by teachers and the papers changed accordingly,

3 Polar ~ covalent bonding was left out deliberately to 
avoid confusion in those schools where this was not taught,

4* This was included because of the poor performance on a
similar question in Phase I,

5 These are relatively straight forward and involve no 
cancellations e,g, 0̂ 0̂  “  ^  co2 ,

6 This tests understanding of formula format.
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Test 2,

Research in Chemical Education 
Answer all the questions in the space provided 

lo Complete the following table® The first one has been done 
for you

Name of the ion Elements Present Formula Valency 
(Combining power)

Phosphate Phosphorus, Oxygen P04 3

Sulphate

Carbonate

Nitrate

Hydroxide

Ammonium Nitrogen, Hydrogen

2® Write the formulae for the following compounds in the spaces 
provided®
(a) Sodium Nitrate
(b) Magnesium Sulphate
(c) Aluminium Hydroxide
(d) Calcium Phosphate 
(©) Ammonium Carbonate 
(f) Sulphuric acid

o o o o o o © o o o o o e o e » o o © o o © o o o o © © o

o o o o o o o o o o e o o o e o e e o o e e o o e o o o o

o o o e e e o o o e o o o o e o o o o o o o o o o e e o o

e o o o o o o o e o e e o o o o o

9 4 0 0 0 0 0 ©

A pupil wrote the following formulae in his note-book®
Put a cross beside those you think he got wrong® The charges 
on the ions were left out on purpose®

(a) Nitric acid

(b) Iron Sulphide FeS

(o) Lithium Phosphate LiQPO. 3 4
(d) Potassium Carbonate P3c°2

(e) Calcium Hydroxide CaOHg

Now write the correct formula for 2 of those that you think he got wrong
(i) ® ® e O O S O # 0 » » ® 0 0 0 0 « 0 8 0 0 0 0 0 ®  (ii) • © o o e o e e o o o o e o e o e e o o o o o
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Vertical columns in the Periodic Table contain families® 
of elements in which the elements are similar to one another
Remembering this, write the formulae for:-
(a) Sodium Silicate ..... «•«»*••••
(b) Sodium Selenate
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Test 2 
Question 

1

2

3

U

Phosphate was chosen as the example because many schools 
do not include this ion. The elements present in 
'ammonium1 were also given as there was no way for pupils 
to reason this out.
The formulae all use the common anions as in question 1. 
No extrapolation is required.
This again tests understanding of formulae format e.g. 
CaOH^, knowledge of symbols and 'cancellation'(e.g. FeS) 
The more able pupils should be able to extrapolate.
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Test 3

University of Glasgow
Research in Chemical Education

Answer all the questions in the spaces provided. Use the following 
list of approximate atomic weights where necessary.
H a l  

A1 = 27 

1.

C = 12 N = U

S = 32 Cl = 35.5
0 = 16 Na = 23 
Fe = 56

2.

3.

Write the formulae for
(a) sodium sulphide.............. .
(b) sodium sulphate ......ooo*..... .
(c) Iron(ill) carbonate  .....
(d) ammonium nitrate.........................
Calculate the formula weights for the following showing your 
working

(i)
(b)

(o)
(d)
(e)

NaCl
AlgOj

FeSO,4-
(m U>2S\
HagGO TQHjO

o e o o o o o o f r e o o f t o o e o

o o o e o 9 0 0 0 o d o o o o o e o o o e o o o « » o « * 9 » e d

When hydrogen and oxygen are sparked together, water (H^O) is 
made. What weight of water would be obtained from sparking 
a mixture of 80 g. of hydrogen and 80 g. of oxygen. Place 
a tick opposite the correct answer.

(a). 160 S*

(b) 95 g*
(c) 90 g*
(d) 18 g-

4,. What is the weight of 1 mole of glucose
5. What is the approximate weight of 1 mole of protons?

6, One mole of GaOLj contains
(a) l/3 mole of Ca^+ ions and 2/3 mole of Cl ions

2+

0 0 0 0 0 0 6 0 6 0 0 0

(b) 1 mole of Ca ions and 1 mole of Clg ions



2+ —(c) -g- merle of Ca ions and mole Cl^" ions.
2+ —(d) 1 mole of Ca ions and 2 moles Cl" ions

(Place a tick against the correct answer.)

What is the maximum number of moles of chlorine molecules 
that theoretically could be obtained from 36.5 g* of hydrogen 
chloride?
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Test 3.
Question

1 Revision of formulae. Testing distinction between 
IDE and ITE - a problem highlighted in Phase I,

2 These become progressively harder, testing understanding 
of formulae of increasing complexity.

3 A difficult question to test understanding of combination 
in fixed proportions.

4. A straight forward question on the relationship between
formula weight and the mole.

5 As for question 4* but'more difficult.
6 Results of objective tests given by the author in

schools (l) and (3)> had shown that the interpretation
of formulae into moles of ions present was a problem.

7 A fairly difficult question on the mole concept involving
a further step to consider Chlorine molecules, thus 
bringing in fractions.
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Test A.

University of Glasgow
Research in Chemical Education

You may need to use the following atomic weights*

H = 1 N = H  0 = 12 0 = 16.
Asnwer all the questions in the spaces provided*

1* Rewrite the following word equations using correct symbols 
and formulae* There is no need to balance the equations 
in thi^ question*

(a) sodium + water sodium hydroxide + hydrogen

• • * • « *  +  • • * . *  * * * * * * ....................... + ............... .......

(b) Iron(II) sulphide + nitric acid Iron(II) nitrate + hydrogen sulphide
• o********®*******”̂1 eoooeao*oo* ^  *********o****** *****ooooo*oo**o*

Balance the following equations2.

3.

(a) Ca(0H)2 + HG1 -> CaCl2 + EjO

(b) A1 ai2o3

(c) A1 + GuSO^ A12(S0^)^ + Ou
(d) Pb(N03)2 heat£ PbO + N02 + 02
Write balanced equations for the following reactions;
(a) Zinc on hydrochloric acid to give hydrogen

(b) Hydrochloric acid on calcium carbonate to give carbon dioxide

4* How many moles of oxygen will be used up when 2 moles of 
ethane (^H^) is completely burnt?

C2H6 + °2 C°2 ♦ H2°

A k
B 5_

T
T T ~ T

Tick the correct answer



5. A pupil was calculating the weight of hydrogen needed to react 
completely with 84 go of Nitrogen gas to form ammonia and he 
made a number of mistakes *
Rewrite the equation and the calculation underneath, correcting 
all his mistakes .

Pupil!s versions-
2M- + 2NH^

Therefore 2 moles of Nitrogen reacts with 8 moles of Hydrogen 
Therefore 14 go of Nitrogen reacts with 8 g0 of Hydrogen 
Therefore 84 g« of Nitrogen reacts with 14 x 8 g, of Hydrogen

84
= 10 g. Hydrogen

Corrected versiong~

( ) + ( ) — >  ( )
Therefore ( ) moles of Nitrogen reacts with ( ) moles of Hydrogen 
Therefore ( )g» of Nitrogen reacts with ( )g. of Hydrogen
Therefore 84g* of Nitrogen reacts with g. of Hydrogen

= ( ) g. of Hydrogen



A. 4.13
1. Phase I had. revealed translational difficulties in equations. 
This served to test formula writing in an equation content.
2. Although some pupils had shown in Phase I that they used only 
equations involving separate ions, these ’covalently* written 
equations were chosen deliberately. The pupils who would have 
difficulty with this ' format were catered for by instructing teachers 
to rewrite the equations if necessary.
3. To test equation writing without testing too deeply other 
chemical knowledge, two straight forward examples were chosen that 
most pupils should be familiar with, the reactions being met 
previously in Class 2.
4* Pupils had shown in Phase I a lack of understanding of when to 
balance equations. Two moles of ethane were chosen to eliminate 

fractions.
3. This question provided the pupil with a backbone to work on 
for the difficult task of proportion and it tests

(i) formula writing
(ii) balancing equations
(iii) formula weights
(iv) mole concept - moles from equations
(v) proportion.



A.4.H
Research in Chemical Education

You may need to use the following atomic weights
H = 1 C = 12 N = 14 0 = 16

A1 = 27 P = 31 Ca = 40 Ou = 64
Answer all the questions in the spaces provided
(A) Write correct formulae for the followings-

(l) calcium chloride  ..... ,,,,
sodium oxide • ...... ..
hydrogen sulphide  .............

(2)
(3 )
U)
(5 )
(6)
(7)
(8) 
(9)
(10)

tin (II) hydroxide 
sodium sulphate 
barium carbonate 
iron (ill) sulphate 
ammonium nitrate 
magnesium silicate 
potassium dichromate

2-'(the dichromate ion- is )

(B) Balance the following equationss-
(11) Li + HjO -- >  LiOH +
(12) Mg + A12 (S0,)3  >

(C)

MgSO, + A1 4
Write a balanced equation for each of the following chemical 
reactionss-
(13) Making sulphur trioxide from its elements
(14) Precipitating lead chloride from lead (II) nitrate solution

by adding aluminium chloride«

(D) (15) What is the formula weight of Ca^fPO^)^ ?

A B C D
21$ 248 279 310

What is the weight of 2 moles of GE^COOH ?
A B c D
240g 120g 60g 44g



(17)
A. 4.15

How many moles of Cu are needed to make 1 mole of CuO ?
Cu + 0, 2 CuO

14 JLa 1 2

(18) How many moles of N09 are produced by heating mole
of Pb(N03)2 ? 

2Pb(N03 )2 heat̂  2PbO + 4H02 + 02

(19)

(20)

A B 0 D
i8 i

12 1

What weight of oxygen is there in 1 mole

A B C D
96g 4Bg 24-g I6g

What weight of A1 would react completely
A1 + CuO — * A12°3 4 Cu

A B 0 D
IBg 27 g 36g r  5̂



A .4. 16
Formula Writing

A. 1 - 3  Straightforward binary formulae.

4 tests understanding of the meaning of (II) etc.
in formulae .

5 - 8  Formulae with oxyanions.
9 An extra,polation.

10 As the formulae for oxyanions were to be provided at
_ (21)S.CoE. exams- in 1973 , this was included to see whether
pupils could make correct use of this information. 

Balancing Equations

B. 11 Used to test the idea of doubling to remove fractions.
12 a 3 ! 2 ratio - usually more difficult.

C. 13, 14 No further chemical knowledge is required other than

formula writing, and balancing. These should help to 

give a good spread of marks as they are slightly more 
difficult.

Formula Weights arid the molei
D. 15 A straightforward question to test basic understanding,

16 This question moves one stage further than 15 and tests 
understanding of the ®mole?.

17 This equation was deliberately not balanced to test 

understanding of the need for balancing,

18 This equation was used in order to involve fractions in 

proportion thus making it more difficult (as shown by
(17 ̂

K. Urquhart in her work air Glasgow ).
19 A straightforward example to test understanding of the 

processes to obtain weights from formulae.

20 An example of a calculation based on an equation that is 

difficultj but in which the arithmetic is as simple as



A, 4.17
possible. Failure should be due to a lack of under­
standing ofi-
(i) proportion
(ii) the mole concept.



A.4.IS
Marking Brief Test 1.
(All answers either right or wrong, no partial marks).
1, A and 0 2
2. D. 1

3. (i) B (ii) A (iii) A 3
4* (i) Hydrogen j Sulphur;

(ii) Aluminium j Brominej
(iii) Magnesium | Nitrogenj
(iv) Sodium j Hydrogenj (A x X) A

5. (i) KBr

(ii)
¥

(iii) CC1,4
(iv) Al2°3

(v) NHj (5x1) 5
(Accept a correct equivalent if you use a different format.
Do not insist on charges on the ions.)

6. (i)| (iii)1 (iv)| 3
Give 1 mark for each correct answer and subtract 1 mark for 
each incorrect answer - minimum mark zero.
E jOj MgCl2| P203 (any. 2) 2

(Accept a correct equivalent. Do not insist on charges on 
the ions.)

TOTAL 20
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Marking Brief Test 2
(All answers either right or wrong, no partial marks.)

Sulphur, Oxygen (-§-) SO,4 (i) 2 (i)
Carbon, Oxygen (-§•) CO^ (i) 2 (i)
Nitrogen, Oxygen (-J-) NO^ (i) 1 (i)
Oxygen, Hydrogen (-g-) OH (*) 1 (i)

NH,4 (i) 1 (•§•) (14 x -§-) 7
(Do not insist on charges on the ion, the correct proportions

(a
(b
(c
(a
(e

(f

NaNCL
MgSO^
a i (o h)3
Ca3 (P°^)2
(NHp 2c°3

v ° 4 (6 x 1)
(Accept a correct equivalent if you use a different format. 

Do not insist on charges on the ions.)

(3 x 1)

Any 2 from HNO^j ^2^3* Ca(0H)2
(Accept a correct equivalent)
(a) Na^SiO^ (b) Na^SeO^
(Accept a correct equivalent)

TOTAL 20



Marking Brief
A.4.20

Test 3

1* (a) Na^S
(b) Na2SO
(o) Fe2 (C03 )3

(d) " W  (4 x 1) 4
Accept equivalent formulae but do not insist on correct ion 
charges,only on correct proportions*

2. (a) 23 + 35.5 = 58.5
(b) (2 x 27)+(3 x 16) = 102
(o) 56 + 32 +(4 x 16) = 152
(d) 2(14 + 4) + 32 +(4 x 16) = 132
(e) (2 x 23)+ 12 +(3 x 16)+ (l0 x is) = 286

(5 x 2) 10
Give 2 marks for a correct answer and 1 mark if the r
answer is wrong but the working is correct (i.e. there has 
only been an arithmetical error,)

3. C 1

A. 180 g. 2
Score 1 if units wrong.
Score 1 if error is purely arithmetical
(working will need to be evident),

5. 1 g. 1
Units essential,

6. D 1

7. i l

TOTAL . 20
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Marking Brief Test L

1. (a) Ha + HjO — » NaOH + Hj
(b) Fe S + HNO. -* Fe(N0,)2 + E,S

Do not insist on charges on ions. Accept correct 
alternative formulae.

right or wrong (8 x £) 4
2. (a) Ca(0H)2 + 2HC1 -* CaCl2 + 21^0

(b) 441 + 302 -» 2A1203
OR

241 + 1-J02 -*■ AlgO,
(c) 241 + 3CuS0^ -* A12(S0,)3 + 30u
(d) 2Pb(H03 )2 2PbO + 4 » 2 + 02

right or wrong (4x1) 4
3. (a) Zn + 2HC1 -* ZnCl2 + Hj

(b) CaCOj + 2HC1 -+ CaClj + C02 + HjO
1 mark for correct formuale - right or wrong 
1 mark for correct proportions - right or wrong

(2x2) U

4-. D. 2

5. N2 + 3H2 2NH3 2 mrks
(l mark if gets correct formulae)

Therefore 1 mole 3 moles IL> 1 mark
11 28 g* —* 6 g, 1 mark
11 84- g. Np -» 6 x 84. go Hp

28
= 18 g« 1 mark 6

TOTAL 20

If formulae or equations are wrong, but calculation is 
correct on the basis of the wrong equation, give the 4- calculation 

marks*
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Markina Brief Test 5
A. (X CaC12

(2 Na2°
(3 H_S (Accept other correct methods)

u Sn(0H)2

(5 Ka2S°4
(6 BaCO^
(7 Fe2(S04)3
(8 4 3
(9 MgSi03
(10 K2Cr2°7 (10 x l) 10

B. (11 2 Li + 21^0 — * 2LiOH + Hg 1

(12 3 Mg + A12 (S04)3 — * 3MgS0. + 2A1 4 1

C. (13 2S + 3 02 — * 2S03 : l

(14 3Pb(N03 )2 + 2A1C13 ---* 3 PbCI2 + 2Al(N03 )3 l

D. (15 D. l

(16 B# l

(17 Go l

(18 Co l

(19 Ao l

(20 A. l

TOTAL 20

Mark each question as right or wrong0



Marks Return Sheet
A. 4*23

University of Glasgow 
Research in Chemical Education

Schools 
Test Numbers
Teaching Order (Revised/Standard)

Number of 
Pupils Mark

0 - 4
5 - 9
1 0 - 1 4
> 1 5

Total No* of pupils ........
Medians  .... .
Means...... .................

Signed?  ..... .
(Principal Teacher)

t
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Test 5»

MARK RETURN SHEET

Number [ Number of
correct responses

1
2

3
K

3
6

7
8

9
10
11
12

13
14

15
16

17
18

19
20

School
S ig H © d . S o « o o e o o o o a o e o o o o o « ® o o o o o o

D a te  o • » o » o « o e o o o s a e e o o * o o o o o « *
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V.R.Q.. Data

Revised Standard (I) Standard (II)

mean 110.8 110.4 115.1
7.6 9.5 8,6

KU 340 67 18

No. of Schools 6 2 1 !



A.4,26
RevisedL Group Results Tests 1 - 5

Test ^\School
Score 1 2 3 7 8 9 10 12 13 14 15 16 Total

1 0—4 3 0 1 1 2 0 3 1 0 8 0 1 20
5-9 A 3 0 6 10 2 17 1 0 36 3 7 89
10-14 27 9 3 21 13 3 18 10 A 43 12 9 172
>15 93 27 47 59 13 11 7 A 11 30 47 2 351
-"fx/ 127 39 51 87 38 16 45 16 15 117 62 19 632

16 o0 15,8 17.3 15,6 12.2 15.5 10,4 12.6 16.2 11,3 16.3 10.3 14=3
cr 3,7 3,6 206 3,8 5.0 4®1 4 ® 4 4®2 2.7 4.8 3.2 4.0 4=6

2 0-4. 0 1 0 4 0 0 5 2 12
5-9 15 9 15 14 7 5 44 12 121
10-14 39 11 18 10 7 7 39 2 136
>/ 15 69 33. 33 4 2 4 22 2 189
O’V 123 54 86 32 16 16 110 18 458
WV/ 14,8 14,6 14.8 9.3 10.6 11.9 10.7 8.2 12.9
cr 4,0 4,6 4o3 4® 6 3.8 4.2 4»5 4.3 4.8

3 0-4 3 3 0 2 0 0 7 2 17
5-9 5 3 9 7 1 1 20 8 54
10—14 37 25 27 18 14 12 51 2 186
> 15 78 24 AA 5 1 2 23 2 179

123 55 80 32 16 15 101 14 436
'VYs-' 15,4 13,8 14,7 11,2 12.1 12.5 11.7 8.6 13.5
cr 3,9 4* 4 3.9 4.5 2.0 2.6 4.5 4=9 4.4

4 0—4 18 3 7 2 7 37
5-9 40 14 30 4 7 95
10-14 54 21 27 9 1 112
>  15 12 15 14 4 0 45
'V\s 124 53 78 19 15 289
sYi\s 9,5 11.8 10 o3 11.2 5.0 10,0
Cr 4.5 4,8 4.7 4®9 3.2 4= 8

5 0—4 3 2 2 2 3 7 0 9 0 28
5-9 20 7 7 10 9 14 0 42 5 114
10-14 34 15 10 37 7 5 8 27 4 I47
> 15 49 7 32 21 1 2 4 11 5 132

?■.... .
'VW 106 31 51 70 20 28 12 89 14 421-- --
w 13,5 11.6 14,7 12.8 8.5 7.4 14.0 9.4 12.4 11.9
or 4,7 4,6 4,8 4.1 4.1 4,6 3e0 4.4 4.8 5 = 0



STANDARD I STANDARD H
School

Score Total r o t a l

10-14, 54

15 o 4 13*3 113*8
rh

10-14

11*0“TVV

10-14

4 * 0  4 * 9

10-14

29 70

* Individual Scores Obtained*
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Detailed Analysis of Test 5.

No, of correct responses per school

School REVISED STANDARD I STANDARD II
Total %Quest Total

281
11 211

66 4-6 o 535 31
201 62 90 63o411 55 3
204 62.8 16 51 37 33
175
54 16o 6

221 68oO

71 71.710
26 50

11 11
72 288

257
117 36.02,2 2

29 3

77 23.7
Total No. 
of Pupils 166 14295 51 70 20

* Results of 10 Pupils not included in the analysis.



School 

Question
Standard II 

8
Standard I

14 4 1 5
iMLlizfel

91.4 65.0 75.3 86,4 56.6 62,1 1 91.4
o7 68,6

55.2 30o0

83

20,0
55.2 8209
65.5 74.395.7 50.0
89.7 71.491.4 50.0

29.5 39.2 40.0 110 o 0
37.9 15.741.1 49.0 34.3 j 5.0 

95o7 75.0 61.8 100*0
77.6 96,682,1 82-/

10.0 32.6 4 34.540.0 43

52.6 1 56.9 

94°

44.3 40.0 38.2 32.9 65.5
0 73.0

10,0 13,5



A.4.31
Detailed analysis of Test 5.
% correct responses - questions in groups.

Group Question Revised Standard I j Standard II

(i) 1 - 3 78*8 65*0 48,1

(ii) 4 - 8 59.5 63a0 | 50,7

(iii) 9 1606 13 o1 9*2

(iv) 10 68.0 74*7 [ 55 *6

(v) 11 - 12 76,8 74*3 43.0

(vi) 13-14 | 30.0 18,2 13.8

(vii) 15 1 88.6 90.9 73.2

(viii) 16-19 1 60,9 59.1 54.6

(ix) 20 23*7 24.2 14.8



A»4-«32
Test Results for School 3.

TotalPupil

20

10



A. 4.33
Test Results for School 3 contd.
Pupil JL 2 '2, 4 I 5

I Total 
1 - 5 <0«

27 20 17 14 10 18 79 9
28 15 12 13 5 9 54 13
29 16 13 13 12 14 68 4
30 19 18 14 11 15 77 9
31 18 16 11 7 13 65 9 1
32 20 20 16 15 18 89 3 1
33 20 20 19 19 19 97 1

34 17 19 13 12 19 80 4 |
35 18 12 13 5 8 56 9 1
36 19 15 11 11 15 71 7

37 19 9 15 10 15 68 6 1
38 15 19 15 18 15 82 3
39 19 12 15 6 8 60 8

40 17 17 1 r}aL ( 17 16 84 6

41 19 9 17 15 15 75 5
42 18 16 11 8 12 65 8

43 19 » 17 7 13 73 5

44 18 16 16 18 19 87 6



A, 4°3A
Pupil Questionnaire - Phase II

Research in Chemical Education 
Now that you have finished your *0* grade course in Chemistry, 

we would be grateful if you would read each of the following topics 
and tick the appropriate column.

No. Topic
Easy to Hard to 
grasp grasp

Never 1
really
grasped

1 Structure of the atom
2 Arrangement of electrons

3 Formation of ions I

k Idea of valency 
(combining power)

5 ...Writing formulae like 
C 01. ? S0o o 1L04 - ft J /c

6 Formulae of ions like sulphate, 
nitrate

7 Writing formulae like "sodium 
sulphate1'

8 Calculating formula weights !

9 Calculations involving the "MOLE"
10 Balancing equations
11 Calculations from equations
12 Idea of "MOLAR" solutions 1 1
13 Calculations involving 'molar* 

solutions -------- --
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A. 4*36
Results of Questionnaire matched with Test 5 Results

Questo Revised Standard I Standard n ._...' ' 'No Questo Test 5 Quest. Test 5 Quest. Test 5

5 (i) I 40 • 4 19.8 45.7 36.7 49 e 4 J 51.9

7 (ii) 1 45.2 39.5 44.3 32.8 47.4 j 49.3
8 (vii) 43.1 9.5 47.1 12.9 53.1 | 26.8

9(viii) 65.2 38.4 71.8 43.6 75.8 | 45 0 4
10 (v) 1 50°7 22 0 4 57.1 27.2 60 08 57.0

11 (ix) j 63.0 75.4 71.8 82.9 70.8 | 85.2

1) For comparisons schools were chosed that had results from both 

Test 5 and the questionnaire.

Revised? - 1, 3$ 7* 14®
Standard Is- 110 
Standard IIs- 4? 5®
2) Means from the questionnaire were multiplied by 33*3 to give a 
mean of 1.5 a score of 50*

3) 5* 7, 8 etc question numbers from the questionnaire (see page 

A #4o34)
(i), (ii) etc - refer to the grouped data from Test 5 

(see page A.4*31)*



CHAPTER 5
PHASE 3 - SURVEY OF SITUATION IN 1974 
GENERAL CONCLUSIONS, SUGGESTED REVISIONS 

FOR THE *0* GRADE SYLLABUS 
AND SUGGESTIONS FOR FURTHER WORK.
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Situation Extant in 197£„

1. In July 1971, the National Curriculum Development Centre
(13 \

for Mathematics and Science published Memorandum No.3 which 
revised the official position as regards formulae and equations.
This documents produced by a joint committee of the Scottish 
Certificate of Education Examination Board, followed, in general, 
the same line of argument as has been proposed in this study, 
e.g. (i) the reason for writing a formula for such a compound

(calcium chloride) is either as a shorthand representation 
of the substance or as a meaningful unit for calculations. 
For neither of these purposes is it necessary to indicate 
its structure. Hence calcium chloride, CaCl^ is to be 

preferred ....o1*
(ii) .. •it is strongly recommended that ionic charges should 

not be written in the formulae of such compounds (NaCl, 

CaClg).
(iii) "CaCO, CaO + C02 is all that would normally be

required rather than Ca^CO^’" > Ca^+0^““ + GO^.
(iv) "When Zinc is added to a solution of copper(II) sulphate 

pupils should recognise that the sulphate ion plays no 
part and the appropriate equation would be

Zn + - »  Zn^q) ♦ CU ••

(v)**Where equations are used as a shorthand means of indicating 
qualitatively what happens as a result of a reaction, or 
of indicating the main steps, it is unnecessary for them 
to be balanced. It should be emphasised than even 
balanced equations need not be written unless they serve 
a real purpose

For organic formulae however, it does not go far enough. The 
recommendation is for "extended molecular formulae" e.g. C^H^OH.



5.02
(6> ̂When trying to use stage 2 thought processes as far as possible, 

the more logical conclusion would be to write 
CH^CH^OH and not 0 2 ^ OH 

As indicated in Chapter 3, this condensation process is best 
developed very slowly i,e,

H H
i i

first H - G~ C - OH‘ \ IH H

secondly C H ^ O H

thirdly C2H^0H - only to be recommended because of the
possibility of meeting it in the 
literature.

This document, however, should have continuing repercussions 
at all levels within the school chemistry scene. It will have made a 
major advance if the sort of formula and equation writing seen in 

Chapter Mp, 1,30)-as being advocated by some Principal Teachers is 
laid quietly to rest. However, it raises the problem that the 
PUPIL is left -to decide which is the most appropriate type of formula 
to use in a given situation and therefore, they must still know the 
most complex ones. This will possibly mean that some teachers will 
still always insist on the most complex to stop pupils using 
’covalent5 type formulae where "ionic11 were essential,
2, The inclusion of formulae for oxyanions in the data book issued

(21 )at S,C.E,EeB, Examinations in and after 1973 also was a major 
step in alleviating the problem of recall as revealed in Phase I 
(Chapter 2 p, 2,12 ),

(22)3. The work of I, M 0 Duncan had shown clearly the difficulties 
experienced by pupils when dealing with calculations involving the 
mole, especially those other than 1 s 1 relationships.



5.03
Pupils found the concept of concentration in terms of Molar solutions 
especially difficult and volumetric calculations proved very trouble­

some, His work does seem to support the belief that the concepts 
involved are best taught in Class J+, if not Class 5> while confirming 
the finding of this project that pupils find little difficulty with 
formula weights, weights of one mole etc.

School 3 also participated in Duncan’s programme learning 
project in May 1973. The results were very encouraging. On his 
Test 1 - formula weights, mass of 1 mole etc, - which was concept­
ually'.: undemanding, the mean scores from School 3 on each question 
were very close to the average for all the schools tested. The 
pupils in School 3 then, would not appear to be significantly better 
in overall ability than the rest of the pupils under test. In Teste

•i

2-4- however, which measured the more difficult conceptual material 
such as calculations from equations, molarity and volumetric 
calculations, School 3 performed considerably better than the other 
schools under test. This would seem to confirm the high scores of 
School 3 for these topics in Phase 2 of this present study. This 
improved performance may of course, be a function of the teacher 
involved, school conditions, size of class etc., but may also indicate 
that postponement of these topics, as in the Revised route until Glass
4., leads to increased understanding.

(23)4., Publication in 1972 ' of some of the results of Phase I had
brought the problems involved in formula writing into the open for 
public discussion and many teachers expressed agreement with the 
results indicating their preference for covalently written formulae.
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GENERAL CONCLUSIONS

(1) Pupils appear to wri t e formulae m a in l y  by ap p ly i ng  learned rules 

to arrive at the answer w i t h o u t  u n d e r s t a n d i n g  the concepts behind these 

rules. Some m a y  commit c ommon formulae to memory.

(2) The teaching of formulae and equations using a full ionic 

approach leads to very poor pupil understanding. In the majority 

of cases pupils are also unable to translate back from a formulae 

into words, and state symbols tend only to confuse the issue,

(3) Pupils do not really .understand the meaning behind chemical 

equations and do not appreciate when balancing is necessary,

U) it is possible to postpone the teaching of ionic formulae, 

equations, calculations until Class L, dealing with the "organic" in 

Class 3 and still present pupils for examination at ’O’ grade with 

at least as much chance of success as following the traditional order,

(5) Teaching formulae and equations from a covalent point of view 

seems to increase understanding, leading to improved performance in 

calculations involving formulae and equations,

(6) There is some evidence to suggest that leaving the conceptually 

more difficult material (mole, calculations etc.) till Glass U gives 

improved performance on these topics, while not impairing the per­

formance on the topics studied in Class 3,

(7) There is some evidence to suggest that pupils who were taught 

from a covalent approach, thought the course easier than those 

taught from an ionic approach,
(2)(8) The present *0* grade syllabus contains too much conceptual 

material at too early a stage for a course that is to serve the top 

1,0% - 50% of the population.
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Suggestions For Further Work
(22)lo The work of this study and that of I. M. Duncan and

( l 7 )  rMiss K. D. Urquhart *r has shown that mathematical problems are
often at the heart of failure in certain topics in chemistry,, In
the .experience of the author, pupils often tended to accept overall
defeat when faced with the topics that needed mathematical concepts,
and in consequence overall chemical performance was adversely
affected. Bearing in mind that ’O' grade Chemistry is not directly
aimed at producing degree level chemists, an investigation should be
made into the desirability of retaining certain mathematical aspects
of the present syllabus and to the possibility of delaying material
such as molarities, volumetric calculations, proportion calculations,

(2A.)until Class It is proposed ^ to set up in August 1974 in 
School 3 and one other school in Central Scotland at least three 
classes containing mathematically less able pupils, to teach them 
a revised chemistry syllabus in which the mathematical content is of 
the absolute minimum, leaving out altogether those areas mentioned 
above,and to present them for examination at 50 s grade in 1976,
2, As this study has found the j03 grade syllabus to contain too
much conceptual material for years 3 and 4 (as did Curriculum Papers

( 9) \No,7 for years 1 and 2,J further investigation should be carried
out to consider the possibility of lessening the amount of conceptual
material replacing it by lower order skills such as those outlined

(9 )in Curriculum Papers No.7 e.g. observing, comparing, classifying,
(see page 1,06 of this study) 0
3, These lower order skills are to a large extent dependent on 
carrying out practical experiments. These of course are ideally
done at pupil level. There is the danger, however, that more practical 
work would mean for many teachers a return to the old style demonstration 
for the majority of the work. An investigation should be set up to 
examine what practical work could be included and to find consistent,
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reliable and acceptable ways of measuring this at pupil level.
4<* There is the possibility that by delaying much of this difficult 
conceptual material to later in the school course, the pupil who is 
progressing towards a University course (or courses) in Chemistry, 
will be adversely affected. He may be inadequately prepared for 
entry into such a course because of the lack of time in Classes 3 and 
6 to include the material that has been delayed from Classes 3 and 4, 
to sufficient depth.

The solution to this problem would not appear to increase the 
time allocation for Chemistry in Classes 3 and 6 as this would not be 
in line with current curriculum development and would tend away from 
the broad Scottish education to the narrower, more specific English 
approach.

Rather an investigation should be set up varying e,g. course; 
content, course order, teaching methods, teacher-pupil ratio^to see 
whether Bruner's now famous maxim that uany subject can be taught 
effectively in some intellectually honest fashion to any child at 
any stage of development11, can be applied to the study of Chemistry,
In effect an investigation to finds-
(i) the best level of treatment of these conceptually difficult topics,
(ii) the correct sequence for teaching by this method of diminishing 

deception.
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