EDUCATIONAL PROBLEMS IN WRITING CHEMICAL FORMULAE AND EQUATIONS
BY
T. V. HOWE.

A THESIS IN PART FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF M.Sc. AT THE UNIVERSITY OF GLASGOW.



ProQuest Number: 11018037

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 11018037

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



CONTENTS

Abstract

Introduction

Chapter 1 = General Introduction and Preliminary Review
of the situation in 1970.

Chapter 2 = Phase I - Gagné Study and fttitude
Questionnaire

Appendix

Chapter 3 = Pre-experimental planning and design
of the revised teaching order.

Appendix

Chapter 4 - Phage 2 - Maturity study involving the
revised teaching order and attitude
questionnaire,

Appendix

Chapter 5 = Phagse 3 = Survey of situation in 1974,
General Conclusions, suggested revisions
for the '0' grade syllabus and suggestions
for further work.

References

Acknovledgements

(1) = (411)
(iv)

1.01 - 1,11

2.01 - 2032
42,01 - A2,53

3.0l ~ 3.04
A3,01 - A3.08

4eOLl = 4o18
ALJOL =~ ALe36

5401 = 5,06



(1)
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 Gagné 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 (71%) 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 "en 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.
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The teaching order of the 'O! 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 first' 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 Gagné 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,C0, to Na,SiO (12%) (ii) writing balanced equations (20%)

273 3
(1i1) calculations from equationsz(ZO%).
However pupils did seem to gragsp 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.
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A final survey in 197/ 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 '0' grade syllabus and its
replacement by work involving lower order skills, including purely

practical ones.

N—
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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 éourse 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 '0' grade
in May 1969 with mixed results.

A. H. Johnstone set up his maturity study in August 1969(1) to
examine on a systematic basis the maturity barriers existing within
the '0' grade syllabus. This, however, did not deal at all with
formulae,equations, the mole and caleculations, 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
equations within the context of the S.C.E.E.B. '0! grade'Syllabus(z)
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.

0! grade"syllabus(g)o

L



CHAPTER I,
GENERAL INTRODUCTION AND PRELIMINARY REVIEW
OF THE SITUATION IN 1970
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Situétion Extant in 1970

The alternative '0' grade syllabus in Chemistry first published
as Circular 512(3) and revised in 1969(2),~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(A)
was not without its problems.

Objectives for this '0! grade course were drawn up (retrospect-
ively) and they include, at the cognitive level (as described by
Bloom et al(S)).

Pupils should acquire in knowledge and understanding.

l. ZKnowledge 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 formlae.

3., Ability to carry out relevant calculations based on formulae
and equationse.

4o 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 procedﬁre.
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 metrods to other fields of
experience,

It would appear that nearly half of these objectives - 1, 2, 3, 4,
9, 12, 13, 14, 15, 17 = require conceptual . thinking at least of the
stage 3(a) level as described by Piaget(é).

It will be shown later that this level of development is not
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reached by the majority of our population until 15+,

That the pupils were failing to achieve objectives 1 and 2,
was evident from the annual reports of the S.C.E.E.B,(7) for 1967,
68, 69, which all draw attention to the inability of many candidates
to write formulae and equations correctly.

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

(1) Symbols

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

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

and simply means gome of the element and pupils might be allowed

to use symbols in this way in description of reactions."

(b) ™n a balanced equation it may mean 1 mole of the element.

Similarly in the equation

Zn + 2HCL —> ZnCl, + H,

2HCl stands for 2 moles of hydrogen chloride."

Later work will show that pupils cannot interpret symbels
correctly:ao 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.).

"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.™
Later work will show that in fact state symbols appear to serve
only to confuse the issue,
(3) Significance of Formulae
(1) "The formula of an ionic substance may be written indicating
the charges on the ions.

Zn2

* Soif(s) is so0lid zinc sulphate, anhydrous, or 1 mole of
solid zinc sulphate, anhydrous., The presence of the charge
indicates the ionic nature of the substance,®
(11) ™The absence of any charge in a written formula indicates
covalency; H2804(l) represents covalent sulphuric acid."

(111) "™in a medium in which ionic substances can dissociate,

7n°* SOﬁf is not a possible species., In water this can only

be represented as Zn%;q) + SOizaq) and would mean Zinc ions
and sulphate ions or 1 mole of Zinc ions and 1 mole of sulphate
ions."

(iv)  MAlthough 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."

Even though the memorandum did raise the possibility of doubt as
to thevtype 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 ZnSC, might well be

4
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.
2+ 2m

| ou50%] [ 50, 0% ] (@)

especially when it should be
2+ R
[Cu(HZO)A_I "SOA(HEO)] ,
Formulae which are derived by analysis, were first used to

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

2%

need for using even Zn SOQm would be when reactions involving

4
individvual 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 s6 precise.”

The problem area of ‘organic' found by A. H. Johnstone in his

(1) might well be due to the paragraph

work
"for certain purposes it is satisfactory to write the formula

of ethyl alcohol as 02H60, more often it is useful to write it as

CQHSOH and OCCASIONALLY it MAY (capitals mine) be desirable to write

it as CHBCHon.“

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

HoH
H- é _é - 0= H or CHBCH20H
BB
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).



1.06

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 was 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
Curriculum Papers No.7 (9) 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 f In application of § In analysis, synthesis
knowledge § knowledge 't and evaluation of
E ! knowledge
observing . é rearranging E justifying
comparing f relating ? assuming
classifying ?' explaining - inferring
summarising : predicting i imagining
interpreting estimating . inventing
diseriminating i ; discovering
illustrating z % generalising
extrapolating i hypothesising

testing and re-
assessing of
hypothesges

| 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 céntained 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."

(i1) "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 (- conceptusal ~material which was rather
abstract and quite complex; i1t 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."

(111) "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 'few' would come to
an understanding later (and anyway the bright ones need the practice).
As will be shown later, this 'few! turned out to be the 'majority'.
Developmental Theory

The work of Piaget(é) which has set out in some detail the
conceptual = development of the child through the stages of
(1) sensorimotor (ii) concrete (iii) formal, operations, has been

(10) (11)

and Shayer with respect

examined in some detail by Lovell
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) 'y
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He stresses however, that while such relations are basic to seciénce
they are quite inadequate for the concepts required by science.

The new skills necessary e.ge

(1) deduction from information given |

(i1) 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 'hypodeductive thought!?,
begin to emerge in early adolescence, according to Piaget.

However, Lovell maintains that

"this development takes place at 11l-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 (1) that this can persist
up to University level. While Piaget puts the full capacity to
deal with proportionality at between 14 & 15, Shayer reports (12)
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 poﬁulation to have reached this third stage by about 14 and

only 3% at about 1l.
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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 rulese.

With virtually the whole of sections H, I, J, and some of K
of the S.C.E.E.B. '0! grade’szllabus(z) 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 14 years old).

It is difficult to see which more abstract thought patterns
the writers of Papers No.7 (9) propose to introduce , yet gtill
remaining withih the confines of concrete operations.
Nomenclature

The use of formilae for the communication of chemicél 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 III!
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appeared on laboratory shelves. The Association for Science
Education published in 1970 a draft of a paper on proposed
nomenclature (13). 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
formmlae and nomenclzature more dependent on Stage 3. thinking and
hence less understandable to the majority of Class 3 pupils.
Teacher Reaction

As has been szid above, many teachers opted for a "maximum
always®™ approzch and this led to the production of notes such as:=
(1)

Associated ions in compounds

: Tonic compound ' SOLID I SOLUTION ,

: - - ;
Magnesium bromide Mggzs)+ 2Br(s)‘Mg2an)+ ZBr(aq) ‘

: . . + o+

 Sodium hydroxide Ha(gy + Of(g) Ba(yg) * O,
vE@drochloric acid - Htaq) * Gl(aQ) Dilute
) ) , + L

! Sulphuriec acid : 2H(aq) * SOA (aq)
Hydrochloric acid H:‘Zl) * °171> Conc
L

. Witric acid Hepy + 905 (. Acids.
ii ‘ “ ” (l) J \L; ‘ /
‘1Sulphnric acid Zqu) * SC4 (1)#*

4

2 -
* some writers prefer lig *2Br(s)

*%*  szome teachers prefer Hésoﬁ(l)

re 21l iornic to different extents and (1) should

7 thess

9
9

differentiate the concentrzted acids from the dilute acids (az).
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(11)
Equations should now be written in the following final form
eege for addition of a solid carbonate to dilute hydrochlorie acid.
(ZNa* +C05) () * 2H‘an) + 2007, ) = 00y, + B0 + 2Na-‘zaq) + 2017,
(1ii)
Get the class to write some formulae eog.

e’ v a17) gy, KT8y, T e30T)

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

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

Summary

In 1970 the situation was a very confused one with on the one
gide, 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-Gagné,(lA) the basis of which is,
"that any piece of knowledge can only be acquired by people who
possess certain prerequisite pieces of knowledge which have their
own prerequisites in turn“’(White(l5)), is relevant for the teaching
of formulae and equations, then in the light of the work of Piaget
et al(é), it is not surprising that pupils find great difficulty in

these topicse
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PHASE I - GAGNE STUDY AND ATTITUDE QUESTIONNAIRE
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Introduction
Much stress has been placed in recent years on structural learning

(9)

e.g. Curriculum Papers No.7. The learner is seen as a logical
thinker, progressing from one step to another in a fashion similar to
Buclidean 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
conceptial . 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 formulee presentations of varying degrees of com-
plexity. The fourteen different ways of writing calcium chloride produced
t6)

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 14 year olds.

It has been the experience of those involved in the teaching of
these topies, 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
giftéd 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 Gagné apprcach. s
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Experimental Desi

(1)

(2)

(3)

(4)

(5)

(6)

Construct a Gagné net for the steps involved in writing binary

formulae e.g. (HCL CO, etc).

2
Construct a structured test on Gagng lines to break:down'formula
writing into sequential steps and see at what stages in the thought
processes most difficulties occur.

Analyse the results, compare them with the Gagné net and draw valid
conclusions,

Construct a questionnaire to test pupil and teacher ideas of
difficulty among the topics of formula writing and equations.
Analyse the results and correlate these subjective results with
test results.

Conduct a series of l:1 interviews with pupils as they work through
the structured test,in order to establish whether the Gagné 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 teste 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 part:-

School Number School Type
l} 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.

4 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 pupilss 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 Gagn€ type flow diagram was constructed for tﬁe learning steps
involved in writing formulae. This is given in diagram 2,01,

The first 17 questions of the test were then constructed, structured
g0 as to seperate these learning steps. Questions 18-26 were added to
investigate the pupils' 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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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.

Full details of the reasoning behind each question are given in the
appendix pages A.2.05 - A4,2,07.

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 SIII,
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 p.A,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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Resultg
 Full details of results are given in appendix pages 4.2.10 = A.2,14).
Percentages quoted were calculated from the total population (513)
unless otherwise stated (see appendix pages A4.2,15 = A,2.16)

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
Gagné 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 ' . No, of Hesponses - Level of Ac¢ceptable Compeience
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



Discugsion of Results
1. Question 1,2

2.06

Ref, Numbers 1,2.

l, 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.

3e The electro

(tick the appropriate box)

n arrangement for

185 is (a) 24402
(b) 2.6

(¢) 2,846,
(d) 2.84442 -

4e Atoms seem more stable when they have a completely filled out-

side level (shell) of electrons.

16

The “50 atom might achieve this by seescesssecscesses.two electrons

with another oxygen atom or by essssessensessesese LWO electrons

altogether,
(Ci)
gain/loss
. of electrons
(8) . (8)
Atomic (1) Electronic
Structure < Configuration
. (Ce)
Sharing of
Electrons
Step %
(a) failed (i) 27
(b) failed (ii) 38
(¢) failed (iii) 29
(d) failed (i) passed (ii) 63
(e) failed (i) passed (iii) 46 Yo of @
(f) failed (i) passed (ii) & (iii) 37
(g) failed (ii) and (iii) 13 % of )




(a)

2,07

This may be caused by a lack of real understanding of A causing

misinterpretation o

(b) = (e)

16
£ 70

may be due to bad wording in Question 4.

(£)

The ionic path seems to be better understood,but any differences

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; &1-83:
5« Complete the following table
Atom Electron Arrangement Valence No. (Valency)
lH
60
80
9F
6. Using the information in the table above write the formulae for
(a) Hydrogen fluoride teeecesscesatensasosons
(b) Carbon hydride seessssesanssesssssnans
(¢) Hydrogen oxide cacesnsssesessssesssses
(d) Carbon oxide coesesssssssssscsscones
(1i1)
Atéiic (%g Eliziron (%i) Valégle‘No-‘; Me;ﬁinical‘ - Forégiae
Structure Arrangement (Valency)v/ es " l(Covalent)
Step %
(a) failed (%) 22
(b) failed (ii) 20
| (e) failed (iii) 22
(d) failed (i) Passed (ii) 37 } Yo of &
(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) (£) (g) As mors 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.
4o Questions 7,8, Ref, Numbers 17-25

7. What elements are presenf.in.each of the following compounds?

(a) Hydrogen Sulphide 0020008060000 0C00000C0S00000

(b) Boron fluoride 66v1ests000RBeORsssO0OOIENOOOE
(c) Phosphoms oxide 000N CeOBOOOH S0P OOOSOODESPSOOS
(d) Silicon hydride 6660008000000 ECEE00000000R8O0OD0

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

e . C{dd
(&) 1) 1) v fﬁ.) I —{c)
Nomenclature > Elements; . | Formulae
(Binary Compds) Present ru-es (covalent)
Step %
(a) failed (i) 30
(b) failed (i) because put in oxygen 75
(¢) failed (ii) 67
(d) failed (ii) but had correct method 52

(a) & (b)e 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,
itgis probable that the difficulty arises because of confusion with - ITE
compounds.

(¢) & (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,



could not manage step (i),

that this is recall of known situations,

2,09

It is surprising that 13 pupils managed step (ii) successfully but

the test can not be overlooked of course,

5e

uestions 9,10.  Ref, Numbers 26~33.

9.

10.

From the compounds used it would not appear

The chance of non.validity of

If an atom loses or gains electrons, it will become a charged

particle (an ion)

+ -
€oBo llNa S llNa + e
2.8,1 2.8

Complete the following, by filling in the spaces marked with

an *
17Cl + > 1701*
* 2.8.8

In an ordinery compound the total amount of positive charge will

equal the total amount of negative charge

will be zero.

e.g. the formila for lithium iodide Lt

- the overall charge

The fomla for Sodilm chloride is 009 O0SOENDOODOOOOCGOCO0ODO
(11)

(4)

(1) (B) gain of

(c)

Electron 5 | Stable | Charge on
arrangement Octet >~ <\electrons the ion
(D)
Formula
(ionic)
Step %
(a) managed to get C 48
(b) passed step (ii) 69
(¢) passed step (ii) but failed to get C L0 %o of(b)

(d)
(e)

D correct

D correct but C wrong

48 Yo O'f ()

80
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(a) This illustrates a fundamental lack of understanding of atomic
structure,
(b) Presumably efficient mechanical use of the Periodiec Table accounts
for the extra 20%. Very few (38 pupils) managed to work out C correctly
without step (ii). These are probably purely recall.
(¢) 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 74% of those who had C wrong
arriving at the correct answer to D,

6. Questions 11-1/ Ref. Numbers 3-47; 84-87

1l. Calcium is in column two of the Periodic Table, Write down its
electron arrangement.

Ca

20 000800000006 00000000000D

12, How many electrons will it lose to have a completely filled
outside level (Shell)? 060800088886 000800006000c80

13. Wri‘be down 'bhe SymbOl for the CalCium ion 0600 008000068060008000

1.4. Write the formula for calcium chloride ©000060000600000000060000

@ | W @ |G (M) (@ @ (m
Periodic[—>> Elecron [—>—|Stable[—>{Formula forf—>—Formula of
Table Arrangement Octet | the ion | Compound
Step | -k
(a) failed (i) 22 (* each figure
quoted as a %
(b) failed (ii) 6 of the number
successful at
(e¢) failed (iii) LA the previous
step)
(d) failed (iv) 18%*
(e) E correct but failed at least 52 Yo of & covreek
one of (i) = (iv)
(£) B wrong but (ii) correct 38 Yo of R ooy
(g) (11i) wrong but D. correct 27 % of (1) g
() D wrong but E correct | 56 %o of D vy
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(a) = (d) As can be seen step (iii) was the most difficult., When 50%
of pupils faill 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), A measuré of this are the 22 pupils
who had step (i - iw) 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 Gagné net,

7. Question 15 _ Ref, Numbers /48,49,

15, By balancing the charges write the formulae for the compounds
named., USE WORDS AND NOT SYMBOLS.

(Magnesiun®')  (Sulphate®)

(Potassium’ ) (Nitrate™)

(Sodium™) (Oxidez")

The first one has been done for you

(a) Sodium Oxide (Sodiun’),, (0xide™”)

(b) Magnesium Sulphate ©66000000600000066000800
(C) Magnesium Nitrate ©89050000000000600080%
(d) Potassium &lehate 9000006060000 0006000008

(e) Potassium Nitrate ©000000000600000000000D
. {a) (B)
Charge on Formula
" 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 tye 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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8, Questions 16, 17 Ref, Numbers 50-5%5.

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

e.go lodide (r7)

(a) Carbonate 0060000000880 080000008 000
() Sulphate ©0006000000000000000680000
(¢) Hydroxide se0vceesenocosesso0csecos
(d) Nitrate c0eesc000seessorssetoasoo
(e) Ammonium ccoceacssscaccsnsssncnsen

17. Using your answers to questions (16) write the full formulae
for the following., (It is NOT essential to give the charge
on each ion),

€.ge Potassium Iodide K1

(a) Potassium sulphate eooonccesoenessestoene.
(b) Magnesium nitrate s00000000008000000a0000
(¢) Ammonium carbonate e0008000000000000000800
(d) Iron (III) hydroxide ecccsecossecosccccessscs
(e) Sodium silicate 56060000800000000000000

(&) (1) (c)
Memory > Formulae of
Store ions compounds
N
(B) (11)
Periodic >
Table
Step %
(a) passed (1) 50
(b) passed (i), failed (iii) ) 50 (of (a))
(¢) © wrong but correct method for (iii) 17 e of C oy

(a) This major hurdle has now been removed by the provision of a table

&)

of oxyahions in the data book supplied for S.C.E. Examinations in and

after 1973,
(b) That only 25% of pupils can proceed both logically and correctly for
all the steps involved is disturbing, That some of the formulae were

obtained by recall is apparent (15 pupils had C wrong and D correct).
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(¢) Again it is disturbing that so few had the correct method here.

17 (e) Write the formila for sodium silicate.

Na,810, correct = 4% (23 pupils)
NazsiOB_ correct by rscall = 6 pupils
Misunderstanding of nomenclature = 68%

(1000 left out oxygen)
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,

18, The formula weight of a compound can be found by adding together
the individual atomic weights.

eoge Nal 23 + 127 —> 150

Use the following list of atomic weights to caloulate the
atomic weight of the compounds (a=d).
Mg = 243 I = 127; B = 113 H=1
K = 39; N = 1 = 16,

6000000 H6DODOCAOBO00

(a.) MgIz ;eoooeeooooeooa

8008000000008 000

0

—

(b) BzHlG @oceoco000c0000 0 _ﬁ
(C) KN02 6008000000008000 ——9 secaoneosseceos

(d) Mg(NO2)2 cocecoo0o0e000000 _>

o8 Cc080000606800000

19, How mahy moles (gram atoms) of iron are there in 1 mole of
Fe, 0,2
23 0800800000006 000000000O0

(a) Could not caleculate formulae weights

(even when shown the method by example) 31%
(b) failed because of arithmetical errors 12%
(¢) Do not understand the quantitative meaning

of formilae. 19%
(d) Failed when formula weight question is

phrased in terms of moles. 68%
(e) Had 18 correct but 19 wrong. 64L% *

X P@\/C&whkr 0}7‘4&1& ol e bt waflyel e,
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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
Na + S —_— Nazs
Q000000 QQO0QO0000000CCO0BO0AGN0COO00BO0D0000000C0000CCVO0BSDOO0GIO000OGO0O0O

©000000000000000000000V00V00000000000000000BOBO00V0OGO00C00000000D

X 9000000000000 0000000000000000000000000000000QOO000000©G00S000

2ls What is meant by the term 'Balanced Equation!'?

00000 0O®00O0OV0V0NOBOVO00000000000000000A0DO00DOG0COODO000000O00000000

8006000000000 00000000800006000000080000000000000000000000060 0

22, When is it esgential 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 distinetion outlined in Memo-

(8) 1,

randum 7 tween "some" of a substance and "moles of a substance" from
a balanced equaticn. Large numbers failed question 20 by including
quantitative descriptions., And yet these pupils also show a lack of
understanding as to the purpese 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 oniy
when necessary, to emphasise the quantitative nature?

12,

Question 23  Ref, Numbers 66=£9

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

heat
2Pb(ﬁﬁ3)2, —_— 2P0 + 4NO, + O,

(a) How many moles of NO2 would you be able to get from 2 moles
of Pb(NOB)Z?

8000000000000 80030000000600¢000

(b) How many moles of oxygen would you get from 1 mole of
Pb(NOB)Z?

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

1x, causes confusione
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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.

13. Q=1
Rh4e  When chalk is roasted, carbon dioxide is produced.
heat
CaCO3 >, Cal + 002
formla 100 56 44
weight

What weight of 602 would be made by completely roasting 15 g.
of chalk? ’

This question which has had ag 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-

(1) introduced toc early
(i1)  taught conflictingly by scientists and mathematicians
(i11) taught very badly.

The work of Fiaget (6) would seem to confirm (i) but (ii) and (iii)
are at present under investigation, (17)

Question 23(b) wrong but 2 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.
lie Question 25  Ref, Numbers 72-75.

25, Balance the foliowing egquations

(2) Cea(0H), + HCL > 0all, + HO

2+ - + -
(b) CGalpgy * g * B8(gg) * MO3(a)

2+ - + -
% G’i.(aq) + 2N03 (aq) + Ag Ol(S)
It would appear that pupils found an ionically written equation
slightly easier to balance, but this question was very much school tiased

(see Ref., Numbers 72,73 ).
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Pupils whe had balanced a 'covalent'! type equation correctly could
'extrapolate! to an ionic equation slightly better than vice-versa, although
this again was school biased (ses Ref. Numbers 73,74.).

15, Question 26 Ref, Numbers 76-80

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 H, G
b H,0, ' i i
(v) 20(1) and Mg(s) do not react readily to give H2(g)

but, when H2O(g) is passed over hot Mg(s) it gives
HZ(g) and MgO(s).

+ = + -
) A N :
(e) Agrygy *+ NOG( .y were added to Hi ) + OIf o

aq)
ive Ag C17 + H + NO,
& ( (s) (aq) 3(aq)"®
Memocrandum N@o"F‘B recommends the use of formulae as "shorthand"
for names, It is evident that pupils are far more facile with covalenily

written formulaes, and that state symbols convey little useful information.

It would be more effective to write "steam"™ and not HQO(g)a

(4) (1) (B) (11) (c)
Covalent N A + state > Ionic formulae
Formilas symbols + 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 of competence. That only 5% of pupils can
interpret AgZaq) + No;(aq) correctly is condemnation enough of over=

complication for no good reason.
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Attitude Questicnmaire (pPhase 1)
At the same time *hat pupils completed the structured test, they
also filled in a questiomnaire to estimate how difficult they found
parte of the course, 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 questicnnaires are given 'in Appendix pages A.2,17 - A.2,18
Analysis of Questiomnaires

The responses were given numerical values as follows:=

Responses Numerical Factor
Very Easy 1
Easy 2
Hard 3
Very Hard A

The responses for each question were then totalled, multiplied
by the respective numerieal 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.)

1lts from Questionnairs
Final results are tabulated in Appendix pages A.2,19=8.2,20 From
thipidata graphs were drawn showingsi-
(1) Pupils idea of difficulty
. Teachers idea of difficulty to teach

Teachers idea of difficulty for pupils to learn.

(i1) Pupils idea of difficulty

" actual performance in the test.

(iii) Teachers idea of difficulty for pupils to learn

Performance in the test.
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These are shown in graphs 2,01 - 2,03,
Discusgion of Results
(1) Teachers generally found these topics easier to teach than
the pupils found them to learn,
(11) Teachers eslimate of how difficult the pupils found these
topics to learn was cenerally higher than the pupils own estimate.
(111) 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 shcw any special bias towards covalent
or ionic ideag.

n
w

The following corzelation coefficients were calculated using
TRKY =2X%Y
— . 5
fj(za K= (3 x Q‘XZy‘,(Zi )>
n

ey
-_——

n
“f’l (pupil respanse V teachers 'to teach!) = 0,73
1o (pupil respinse V ieachers ‘pupils to learn') = 0.65
13 (teachers 'to teach! V  teachers 'pupils to learn') = 0,86

These good correlations highlight the apparent discrepancies
at the following questinns,

3, IS&topes

4y  Mass spectrometer

8, Electrulysis and conductance by ionic compounds
9, sharing electrons, covalent bonds

11, Binary formilae
14, Formilae with cxyanions
16, Calculaticn of formila weights
17, The mcls and caleulations
19, Writirng symbcl equations.

* (See Appendix Page A.2.52.)
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Pupils found 3; 4, 8, 16 more difficult than the teachers thought
they did and found'%lg 1y 17, 19 considerably easier.

The correlatioé:gf only 0,18 between pupil estimate and actual
performance in the test (questions1§, 16, 17, 18, 23, 24) was dis-
appointing. Teachers, correlatio%;O.70, had a more consistent
estimate of difficulty., The calculation of formula weights appears
to cause far less difficulty than anyone estimdted. It is perhaps
significant that those areas which have causéd most problems,.viz.
formulae, equation writing, mole calculaticns,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 insurmcuntable 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 Testo

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 tc help try to establish the validity of the test, it
was decided to run part of the test again, wising 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 “cxyanions"
(3) Writing formulas of 'ionic' compounds
(4) extrapolation te Na, 510,
(5) Mole galeulation frem an equation

The full test is given in Appendix page A.2,21
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Adminigtration
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
Full details are tabulated in Appendix page A.2.22 as well as detalls
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,

1'5 (test 1 score v. Re-run score) schools 2, 3, 4, 5, 7 = 0.81
T} (test 1 score schools 2, 3, 4, 5, 7, v test 1 score
schools 1 = 73 = 0,74

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 (TL = 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 writing (49%).

Si0, the

Although more pupils can now extrapolate to Na,5i04

response level of only 19% probably includes an increased number
of recall answers. The 'mole! problem 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 No.2, although scoring less on average in Test No.l than
the whole grdup average, correlate highly with that group,
Correlation calculated as average score for schools 2, 3, 4, 5, 7,
v. average score for whole group for each item.) (r7 = 0.74) and
therefore can be taken as representative of it. Allowing for
a possible overall increase in performance if the whole 7 schools
had completed test | run No2 these levels of competence are
still far from satisfactory.

Validation of the Gagné Net

Although validation of the Gagng net would in many ways
be beside the point, since the net was constructed to represent
the logical schema which teachers tend to assume, the criticism
could be raised that using the techniques of anonymous test and
mass 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 Gagné’net need not corres-
pond to the logical steps followed by any individual. A study
was therefore necessary to establish whether the Gagné net
composed using those logical steps assumed.by a large proport-
ion of teachers and which had been used in the construction of

the test, was in fact a fair representation of the steps followed

by pupils when writing formulae.
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Experimental Method

A small group of pupils were interviewed individually while
they sat relevant questions from Test 1. (See pages A.2.01 -
A.2.04). Questions were asked to elucidate their thought
processes while completing these questions i.e. to hear these
out loud instead of being dependent on misunderstandings built
into the test. The entire interviews were tape-recorded and
transcribed later. The results were analysed for differences
from or similarity to theseAsteps‘in the Gagng net.

Choice of Pupils

Pupils were 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 whether any maturity
difference woul%faisccrnable.
These pupils were then arranged in order of merit based on
performance 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 would be '"above the red line" in presentation for 'O' grade

in chemistry.
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Conduct of the Interview

Each pupil was allowed to proceed through questions 5-14
and 16-17 of the test (sce pages A.2.0l - A.2.03) at their own
pace. The periodic table was provided for questions 8-17.
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.
Questions 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 where in the thought processes the mistake had
occurred and where any possible barrier existed in these
processes.

The pupils were encouraged to think aloud while answering
the questions in the test and supplementary oral questions were
only asked to clarify a particular point where a mistake had
occurred.

The order of interview of the pupils was random.

Results

An edited transcript of each interview is given in the
appendix pages A.2.23 to A.2.51. The transcript has been
arranged so that for each question from the test the pupil's
replies are given in the order 1-12. Supplementary questions
or other essential information are shown in braciets. The tests
were marked according to the scheme used previously (see Appendix
A.2.08 - A.2.09). A table was drawn up showing the performance
of each pupil, a tick representing success and a cross failure

*
in that particular question. This is shown as Table 2.01.

on page 2.24.
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Ref. Pupil
No. Question — Y
! 1 :2 13,4 15]6%7]|8%09/10|11¥% 12
,;
1 electron arrangements from 5
atomic numbers V2Va N4 I I IV x) x ] ox
2 . valence numbers from R 1
¢ clectron arrangements “ . e Xl ? JX X x| X
7 I
3  binary formulae i X o s XX X XX
. ; L
; S : |
i 4 !method for binary formulae |./| /i I/ | /| J/|/ /I /| 1/
A - N | :
' i I i
5 : elements present from L ‘
vl !
! nomenclature SNV x S S v
6 writing binary formulae Y /i,/Ev/ Aolsi s s
- using the periodic table vt E I
: I
v i ! |
7 ° completing the equation Co i
clL+% — ¢l VALV I x L x Ik x 3] x
: * 2.8.8. 1 :
i i . ! '
; - i . ' :
! 8 formula for Na Gl iV S S ./l/ v X ‘J JiS |
; 9 electron arrangement for Ga|./ v/!u/lv/ u/; v v/jv/ JIV IV
T T :
10 . Calcium losing twoelcctrond /| ./ / /| J/ /JI/ VIV I/ /S
' | i !
o
11 formula for the calcium tonj. | /{7 /., I X IX |X |X| X|X | X
s |l ' i |
i i . T ]
‘12 formula for CaCl2 Sl v/ iu/ o v/{uw VD«
E . N )
13 Charges on the ions in J «’rin// 2% lx ix X1 XX | X
! CaCl i } ' | !
: 2 —— [
i 7/" /! o
14  formulae for oxyanions VIV v | S P |- j“ﬂ X1 -7
i 1 ! ;
15 charges on these oxyanions |. |1 X X S X - Ev/ X | = X
L] ! A
! ; o
16 formulae using oxyanions V/‘/i {;}X b= V/i_ iy/ X1 - X
’ | i
17 method for writing formulae AV aN; N .«A - 1o
with oxyanions | ! 1
b ; i
18 = extrapolation to Na,SiO, vﬂvfiv/ VAR RVA T Lvﬂ X - !X
i H
, * S
19 | wrltlng formulae by ;/iJ»v/ X X |x x x| x|x X
' balancing charges J 1 |

ate
w

Denotes third year pupil

Table

2.0%
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Analysis of Results

The completed, marked,tests and the transcript were
examined in depth. It is to be noted that the general perfor-
mance of the pupils interviewed was higher in certain areas than

that found previously in Lhc mass sample. (Pages A.2.10 - A.2.12)

Ref. numbef % Success
(Table 2.0L) Interviewed pupils | Previous Results
? >3 65
’ >0 43
4 100 63
> 92 70
6 100 13
11 42 50
15 L 50
17 90 61

The pupils interviewed were far more facile with the
'mechanical rules' for formula writing (Ref. numbers &4, 5, 6,
17) but in questions which required reasoning through a sequence
of steps (Ref. numbers 2, 3, 11, 15) their level of performance
was similar to that observed with the mass sample. It is
possible then that this small sample of pupils does not differ
significantly from the mass sample tested as regards depth of
understanding.

A summary of the salient points from the pupils' replies and

tests, compiled by a process of distillation from the full transcripts

is given below.



Ref. No.

¢

(2)

(3)

2-26.

Most pﬁpils had a good understanding of how to derive
electron arrangements from the atomic number. Pupils
10, 11, 12, who did not seem to understand this procedure
in question 5 were able to write the electron arrangement
for calcium in question 11 and to reason correctly when
they were using the periodic table. It is possible 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
periodic table provided the initiator for a process of
recall.

Pupils 1--6, 8, all appeared to be able to reason
through correctly from electron arrangement to valence
number and showed understanding of what was the physical
significance of valency. The remainder did not appear
to understand this. Two used the number of electrons
in the outer level, two were relying on using the period-
ic table and could not work it out without this. These
poorer pupils appeared to be applying rote-learned rules
without understanding and did not appreciate when they
had made errors even when these were pointed out.

All pupils had a correct method for writing binary

formulae.



Ref. No.

(3)

(5)

(6)

(7)

(8)

2.27.

Pupiis 7, 10, 11, 12 were all relying on position in
the periodic table and consequently, not having one,
wrote wrong formulae when their memory was at fault.
Only pupils 6, 8, 11 (all of Class 3) were confused

over the -IDE ending but only No.6 included oxygen.

All pupils could write binary formulae correctly using

the periodic table and were all using a set of rules

namely (i) Write down the symbols
(ii) Write down the valencies using the positions

of the elements in the periodic table
(iii) 'Cross-multiply' or 'flip-over' or
'change round'.

Pupil 2 appeared to understand the physical significance

of these rules while the rest used them as a means to

an cnd.

The concepts behind ion formation seemed particularly
difficult for the poorer pupils. The reasoning offered
by these pupils showed a complete lack of understanding
and the inability to reason in a coherent sequence of
steps.

Only pupil 8 had the formula Na+Cl- wrong and this
because the answer given was Na Cl . However pupils

6, 8, 9, 10, 11, 12 did not appear to understand the
significance of ,or concepts bchind, the charges on the
ions. Only pupil 1 showed understanding of the overall
balance of charges, but most could tie up valency with
the number of positive or negative charges. Most
pupils treated this as a separate question without
relating it to what had been given above or in the

previous question.



Ref. No.

(10)

(11)

(12)

2.28

All pupils seemed to be able to work out

why calcium should lose two electrons. Pupil 10

was able to arguc logically back from an error.

The concepts behind the formation of Caz+ appearcd
beyond the grasp of pupils 6-12. They appeared to be
recalling facts or rules and then applying them to the
problem at hand regardless of applicability.

Only pupil 12 did not write CaCl2 correctly. Pupils
1-4 knew and understood the significance of the charges
on the ions and ensured an overall neutrality. Pupils
5-12 mainly added charges as an afterthought having
written the formula using the same rules as mentioned
in (6) above, pupils 7-12 getting these wrong. Pupils
5=12 tréated this question as a separate entity without
referring at all to the previous questions, they were not
reasoning through a sequence of logical steps but were

applying rote-learned rules in isolation.

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

(14)

(16)

The formulae for oxyanions are rote-learned and committed
to memory. Recall of the stoichiometry involved was
good although the charges on the ions were confused by
even the bright candidates. These however, tended to
spot any mistakes and to correct them when writing
formulae.

Generally pupils could apply the 'rules' correctly
although the poorer pupils tended to get more confused
with the "cross-over'" of combining powers than when
writing binary formulae. Only pupil 1 used the idea of

balancing charges.
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Ref. No.
(16) The act of writing formulae seemed to trigger the recall

of the formulae for oxyanions.
(18) All the pupils could extrapolate from 0032- to Si032-
except pupils. 10,12 who attempted the problem as
a binary compouﬁd.
Summary
(1) Pupils were very successful in those questions where rote-
learned rules could be applied. Poorer pupils tended to apply
these rules regardless of errorscommittéd and tended not to
recognise them even when pointed out.
(2) Poorer pupils could not cope with those questions which
needed understanding (Understanding seemed to stop at about
pupil 6-7) They seemed able to rote-learn a procedure but not
to fully understand the reasoning steps behind the method e.g.
the need for a periodic table to reason in questions 5 and 6.
This is further cvidenced by the fact that on an crror being
pointed out, they tended to reason in such a fashion as to
embroil themselves further. In other words they coped well
with questions involving Knowledge or Comprenension i could not
deal with those involving Application or Higher Abilities.
(3) When faced with an application step in a sequence
most pupils tended to treat this as a scparate entity without
reference to what had prece%dcd it and applied learncd rules
i.e. Comprchension. This led to sequences such as:
(i) ealcium will lose 2 electrons
(i) ca’

(iii) CaGl, or even Ca2+012'

K9
v

These terms are used in the same sense  as by Bloon
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(4)  All pupils used the pathway on the Gagng net as indicated
by:-
Correct Elements
Nomenclature| -~ present
) \'4
:> Mechanical ——%}»—
Symbols Formulae
Rules
N
Use of the
Periodic
Table
(5) More able pupils reasoned through the steps.
No. of half Mechanical
filled > Valency > echanica > Formulae
-~ Rules e
orbitals
(6) The most able pupils rceasouned through the sequence
o Charge on Overall Mechanical
F
arrangement iom > charge >4 Valencygﬂ Rules > Formulae

although they too used 'learned rules' possibly for speed and

convenience.

(7)

There did not appcar to be any apparent maturity difference

between the pupils in Class 3 and those in Class 4 except perhaps

an increased readiness to say 'don't know' rather than to attempt

something difficult.

(@)

ablie

The Gagné net (Pages 2.031 0 2.032) appears to be a fair

representation of the steps followed bx&pupils writing formulae.
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General Conclusions

(1) Pupils appear to use one or more of the routes shown in the
Gagné net (Page 2.031 - 2.032) when writing formulae.

(2)  Poor performance in test 1 was not primarily 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
understanding level. Rather they recall a learnt procedure and
apply it in any situation.

(4)  Pupils do not think through the complete logical sequence of
steps when writing formulae, recall playing a large part. Thus

when formulae of increasing complexity are used, recall becomes
less efficient. Time must be given for a learnt procedure to
develop with practice into a 'known' procedure.

(5) A large number of the mistakes in formula writing stem from
a basic misunderstanding of nomenclature.

(6) The understanding of the formation of ious, i.c. losing
electrons to become a positive ion, is a major obstacle.

(7) Pupils handle formulae of the type CaCl2 better than those
written with ionic charges. Although this is now strongly
recommended,(IB) pupils still have to be taught the ionic form to
comply with"writing equations.... including ions in solution

or in melts”(18)

(8) Increasing complexity leads to increased difficulties, not
only with thesc morc complex ideas, but also with those simpler
oncs learnt previously, and should only be introduced whore
absolutely necessary. We must remember that we are not training

future chemists but educating children and if GaCl2 will carry as

2+
much information as we require, we should not use Ca (aq) + 2Cl(aq).
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9) Individual formulae 'hurdles' in themselves do not pose too
large a problem but do so when taught 'en bloc'.
(10) The 'mole' concept or more particularly calculations
involving the mole concept and proportion, appear to be above the
attainment level of the majority of third ycar pupils.
(11) Pupils do not understand what a chemical equation is saying.
This arises from inabiliﬁy to translate formulae into words, and

a lack of understanding of the 'mole' concept.
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TEST 1.

l. What are the three main particles in the atom?

(a)_-oooooo-ooooo (b) e0o0es0eceonoes (c) s0escoessoecce

2. Which of these is mainly responsible for chemical behaviour.

008000000008 00000060806G6800¢0

3. The electron arrangement for lgD is (a) 2442

(b) 2.6
(tick the appropriate box) () 5 g ¢

(d) 2.804920

4e Atoms seem more stable when they have a completely filled
outside level (shell) of electrons.

The 16O atom might achieve this DY seeesccescessss two electrons
with another oxygen atom OF DY soccscsesecseceseso tWo electrons
altogether,

5. Complete the following table

Atom Electron Arrangement, Valence No. (Valency)

-

6. Using the information in the table above write the formulae for

(a) Hyd‘rogen flu@ride 0soeco00000008C000000CO0RBOCCEGEQS
(b) Carbon hydride 000000088 00008000000080000000
(0) Hydrogen oxids 060600000 00000000086000000000000

(d) Carbon oxide 8006060060060 080000000000800c000

7. What elements are present in each of the following compounds?

(a) Hydrogen sulphide eeccecesscscescsssssssceasccas
(b) Boren fluoride 0608000000000 0080060000000600000
(C) Phcsph@rus 0X1de eoesecesseccenescsscoscescsce
(d) Silicon hydride 0000000000500 8600000000060800000
8. With the help of a Periodic Table write the formulae for the
four compounds in question (7).
(a) 6065060860008 000000000 (b) ses0000600000000000 8000

(C)  seescccscessosssscssan (A) eevevscsccscsersscnnss



9.

10,

11,

12,

13.
e
15.

16.

A.2,02

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

€oLo llNa —_— llNa+ + e

Re8al 268
Complete the following, by filling in the spaces marked with
an *

i Al — L

* 298.8

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

eego  the formila for lithium iodide Li'I™
The formula for sodium chloride is 6006800000080 0000

Calcium is in column two of the Periodic Table, Write down
its electron arrangement,

206& 6000000060000060000686 460

How many electrons will it lose to have a completely filled
outside level (Shell)? 600000 cses00000v0PB0CCDE

Write down the Symbcl for the calcium 10N cecssvesecsocccose
Write the formula for caleium chloride ececseesescssceecssoe

By balancing the charges write the formulae for the compounds
named, USE WORDS AND NOT SYMBOLS.

(Magnesium®") (Sulphate *™)

(Potassium ') (Nitrate™)

(Sodium’) (Oxide>")

The first one has been done for you

(a) Sodium Oxide (Soatum’),, (0xide™™)

(b) Magnesium Sulphate seessesesessscsssscesssssse
(¢) Magnesium Nitrate eoecssscccesessseansessosso
(d) Potassium Sulphate sc0s0sn000ssecaestestacsass
(¢) Potassium Nitrate vasossasessscssssessosnases

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

€sLe Todide (17)

(a) Carbonate esoecescssesnosconesonens
(b) Sulphate eoessesssssssces00atecace
(¢) Hydroxide eooo0ssesssssssssscssneco
(d) Nitrate soescosnessssncsosascosses

(e) Ammonium 6060000900800 00006000000008
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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),

.8 Potassium Iodide KI

(a) Potassium sulphate ¢s00ec00sesccnsscsesn
(b) Magnesium nitrate ccocscsscsscsesssssses
(¢) Ammonium carbonate cscssoececscssscsasas
(d) Iron (III) hydroxide eeecescccceeesssessss
(e) Sodium silicate Gssesnsessscacnsasass

18, The formula weight of a compound can be found by adding
together the individual atomic weights.

eege  Nal ==p 23 + 127 > 150

Use the following list of atomic weights to calculate the
atomic weight of the compounds (a - d).

Mg = R4 I = 127; B = 1; H = 1
K = 39; N = 1 0 = 16,

(a) Mglz sce600006800800000 0 .. ®eocnoceseensssoo

(b) BzHlo 0000000880000 0000 —\é' 0000000006000 0 0
KNO

(C) 2 ooooooooooooooa.v-. -é esc0eco0enssene
(d) Mg(NOZ)z 8‘9’0000’09'.’0,’. “—" 0000000600000 800

19. How many moles (gram atoms) of iron are there in 1 mole of
F6203?

0050000000000 0C0000000

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 sayse.

000000 P0008000D0C00000000000008#00000606800000008000000080000000
9000000000000 06860000000P000C00@000000000060000000000000000000

0000000000000 00600000006800008B00060085006008088860860000600000TPR

21, What is meant by the term 'Balanced Ehuation'?

00500900000D0000900000000BOOO!Ql..’BOOO.Q...G.'D.O."'.DO
‘0000°G0000000000800000000000000000‘.l.’@.‘..oﬂ..oﬂl.."o

22, When is it essential +to write a balanced equation?

oeonoeooo.uonoeoeoneooooooueoescaoaon..clltlo..o-a-ooooon

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

heat
2pb{Noy) ca 5. 2 Pb0 + 4NO, + O,

(a) How many moles of NO, would you be able to get from
zmoles Gf Pb(NOB)z? 00 OCPOCODSO08 0000808 GOS0OCETDT

(b) How many moles of oxygen would you get from 1 mole of
Pb(NO

3)2? 006008000 C006PRESPBOASSSD
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24.  When chalk is roasted, carbon dioxide is produced.

h
caco, eat s Ca0 + 00,
formala

woight 100 56 44

What weight of 002 would be made by completely roasting 15 g
of chalk,

25, Balance the following equations

(a) Ca(OH)2 + HCL > CaCl, + H20

R+ - + -
(b) 02(aq) * T Ag(aq) * N05(aq)

2+ - + -
> 08(aq) * ANOy(gq) + A2 0l

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 H,0,
b 0 d i
() H, (1) and Mg(s) do not react readily to give H2(g)

but . .
ut when Hzo(g) is passed over hot Mg(s) it gives Hé(g)
and MgO(s) °

+ = + -
Ag; N ‘ [ i
(c) €(aq) + 03(aq) were added to H(aq) + Gl(&q) to give

Ag+Clzg) + HzaQ) + NO;(aq).

(a) 8000008080000 0000008008008006800000000CCG000CCOOTBSDES
200000008000 00008000000000800000000000000800000¢
(b) 8000060008060 0000000000000006080008000000000008000F0
000000000 C000000800000000000000000000080006000C0
(c) 600000000080 0080080000000000000000000008000800000060C

000000000000 00000000000800000080000000000000009
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Details of reasoning behind test construction.

Question
1,2
3

10

11-13

Comment
Straight recall, Used aé 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's 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 = 17 investigate the "ionic™ pathway,
Given a similar example, this is to test understanding
of ion formation - how do positive and negative ions
arises
To test understanding of the reasoning behind the
"mechanical rules™ - dependent on 9.
The stepwise formation of the calcium ion, investigating
understanding of electron arrangement, stable octet,
formation of ions and the logical sequence of thought
involved, FEach 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 1l=13.
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Question Comment,
15 Teachers have often asserted that pupils can easily learn

and understand these mechanical rules for writing
formulas, the biggest stumbling block being to remember
the formulae of oxyanions, there being no appropriate way
of logiecally 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
formilae,

16 Before May 1973, pupils had to remember the formulae of
oxyanions in '0' and 'H' 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,
(1i1) 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.
S.C.E.E.B. marking schemes gave zero for any balanced
equation in which there were incorrect formulae, and
therefore, statistics provided by the S.C.E.E.B. 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.



Quesgtion
Rl

25

26

4,2.07
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
lons recommended in memorandum No.7 8) had been taken
tod far by many teachers and that anyway this only serves
to make equation balancing even more difficult. The two
equations used both involve a 2:1 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 Numberg No, of Pu

1 00l - 112 92
2 113 = 213 8l
3 216 - 247 32
4 248 - 322 55
5 323 - 435 93
6 436 = 535 80
7 536 - 635 80

TOTAL ;Z;

Marking Scheme for Test 1.

1.
2.
3.
e

5e

Te
8.

9.

10.
11,
12,
13.
Lie

15,

right or wrong., Spelling mistakes ignored.
right or wrong.
right or wrong.

any words, phrase’that carry idea of ggg shiring
gaining

right or wrong. Any reasonable format accepted,

Any reasonable format accepted, but proportions and symbols
mst be correct.

right or wrong, spelling mistakes ignored,

Any reasonable format accepted, but proportions and symbols
mist be correct.

right or wrong.

right or wrong, 'ionic! or 'covalent! format accepted.
right or wrong.

right or wrong.

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

Symbols accepted = proportion muist be correct.



16,
17,

18,
19.
20.

21,

22,
23,
Rbeo
254
26,

A.2.09.

right or wrong - symbols and charges must be correct.

Any reasonable format accepted but proportions and symbols

muist be correct,

right or wrong,

right or wrong.

No symbols and no quantatative ideas allowed.
Any reascnable description accepted e.g. same
weights, same number of atoms etc.

Used for calculations or equivalent.

right or wrong.

right or wrong, 6g and 63g not accepted,
right or wrong.

No symbols accepted, but only correct names.

formula

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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s |2 SCHOOLS
i
= ° =
I QUESTION ASKED =
| 1 2 3l 45l 6l718 |
ERE: 92|81|32|55/93|80[80 | &
§ 1l | 1 |recall of protons, neutrons,
1 electrons (more than one
wrong) ol ol o] o] 1| o] 0| 1| 0.0
2 | 2 |recall of electron wrong 91 8} 6| 4| 9| 5] 9| 50| 9.7
ment
3 | 3 |bad arrange,of & in oxygen
wrong 24|16|14| 6[24]19]|36 |139|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
é gaining two electrons 39130|13| 91221523 |151{29.4
6| 4 |had 8 arrangement wrong but (1)
idea of sharing 2& right 110 7| 4] 3[11[12116 | 64|46.0
7 | 4 |had € arrangement wrong but (1)
idea of gaining 28 right 12| 9| 8| 3l13]16]27 | 8863.3
8 | 4 | had both 'gaining' and
'sharing right 25128| 8135|48|45129 | 218| 42.5
9 | 4 |had both gaining and sharing L)
right but e arrangementwrong | 4| 3| 4| 1| 6|11|12 | 51|36.6
10 | 4 | had neither gaining nor
sharing 15111] 9| 1{10| 812 | 66|12,9
11| 5| e arrangements - more than
1 wrong 15118|10| 5|20(13{34 | 115| 22,4
12 | 5| Valence numbers = more than
' 1 wrong 7115121129 46127 (32 | 177\ 3465
213 5| e arrangements wrong, but (2)
valence no, right 13110( 2| 1| 3| 1{13 | 43|37.3
14| "6 | binary formulae = 2 or more
wrong 2632|120 )48|63|56{50 | 295| 57.5
15| 6| binary formulas - method
wrong 14120112 |26]50|35133 | 190{ 37.0
16| 6| binary formulae wrong, but (3)
method right 121{12| 8]22113{21|17 | 1051 35.5
17| 7| elements in-IDE compound -
had 2 or more wrong 116 (14(10{21|35{2533 | 154 30,0
18| 7| included oxygen in IDE
compounds 11(12110119118|19{25 | 114]| RR.2
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P SCHOOLS
=8 QUESTION ASKED 3
|3 1l 2]3| 4 516/7]|8 ™
& | & 92 |81|32|55|93|80(80 | =
19 | 8 |writing binary formilae from

the Pericdic Table -~ 2 or

more wrong 30{42119|50]78162(61 | 342|66.6
20 | 8 |writing binary formulae from

' |the Periodic Table = wrong

method 21135 7[35[681 47|31 | 244|475
21 | 8 |writing binary formuilae from

Periodic Table, method right (3)

but got 2 or more wrong 9] 7112]15(10|15(30 | 98|28.6
22 | 8 |had elements wrong in Quest,

7 but wrote formulae correct- (4)

1y. W 1] 1l 1] o] 1| 5| 13] 84
23 | 8 |included oxygen in Quest.7 (52

but wrote formilae correctly | 3| 1| 1| 1} O] 1} 4| 11| 9.
241 8 |had elements wrong in Quest,

7 but method for formilae {4)

correct 51 11 5] 5] 2| 1|14 33|21l.4
25| 8 | included oxygen in quest.?

but method for formlae (5)

correct 31 1| 5| 4] 1] 1|12 | 27{23.6
26| 9 |did NOT get CL~ 51159119{23{43|39|33 | 267|52.0
27 19 | did NOT get idea of gaining

le 31]37(10{14|25[26{16 | 159|30.9
28| 9 | had idea of gaining 1& but (6)

got C1~ wrong 29128110]12]26{19(20 | 144| 58.5
29| 9 | had C1” right but not idea (7)

of gaining 1 electron 10| 6| 1| 3] 8] 6] 4| 38/23.8
30 {10 | had formula (NaCljwrong 21120| 9|16|20{12| 7 | 105{R0.4
31{10 | had NaCl right but had

neither idea of gaining (8)

1e nor C1~ right 18(20] 3| 4| 9|17| 8| 79]65.2
32|10 | had NaCl right but C17 (9)

wrong 3943|1213 |30|33|27 | 197 73.7
33|10 | had NaCl right but gaining 7)

le wrong 25|23| 4| 7|15|21|12 | 107| 67.2
34|11 | © arrangement of calcium '

wrong 15|15{12| 9{23|10|28| 112| 21.8
35(12 | idea of losing 2e wrong 1614] 91 8|15 8{24| 94{18.3
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. zo‘ SCHOOL
s QUESTION ASKED =
= | E | =
P 1 2] 3] 41 5| 6] 7| &
& |5 92|81(32(55|93|80| €0
3613 |Symbol for Calcium ien
wrong 65(57(11|18|50|30|22 | 253|493
37 |14 | formila CaCl, wrong R1|30|16|17|40(19|16 | 159|30.9
3811/ |e arrangement right but (10)
| losing 2e wrong 3|1 9] of 3| 2| 2| 7| 26| 6.4
391l | & arrangement wrong but (11)
losing 2& correct 2110} 3| 4|10| 4|11{ 43{38.3
40|14 |idgg of losing 26 right but (12)
Ca™ wrong 51143 5|15|36{25| 9| 18414349
4111/ | losing 2& wrong but Ca;2+ (13)
right 2| o| 3| 5| 1| 3|11| 25{26.5
42|14 | bad Ga*" right but GaCl, (14)
wrong 5\ 7| 9| 6] 7| 5| 7| 46|17.6
| 43|14 | bad Ca®* wrong but Call, (15)
] right L9(34 41 7|17|16]13 | 141|55.7
| 44|14 | losing 2& wrong but CaCl, (16)
, right 141 6] 3{ 3| 3| 3|14 46]48.9
| 45|14 | € arrangement wrong but (11)
CaCl, right 13| 71 41 4] 5| 4|19| 56]50.0
46|14 | steps 33, 34, 35 wrong but {17)
Ca012 right; 10| 21 2] O 31 1| 4| 222|440
47114 | steps 26, 27, 33, 34, 35, (18)
| wrong but CaCl, right 4 11 1 o| 1| of 1| 8|38.0
| 48(15 | 2 or more 'word! formulae
| wrong 35(37| 8|17]45|25]21] 188]36.6
49(15 | word? formulae, wrong (19)
method used : 32129 2117(39(21|15| 155|8R.4
50116 | 3 or more ions wrong 41155 [20{29 166 (24|23 | 258| 50,2
51|17 | had 1 or more wrong of the
first 4 '"ionic! formulae 451701234784 (52|50| 371|72.3 |
52|17 | wrong method for 'ionic! (20)
formulae 40143 [20145(76 48|39 311) 83.4
53|17 | 'ious! correct but formulae (1)
wrong 16{17} 3118119 (28[28| 129| 50.5
54117 | Tons wrong but fermilae (22 )
correct 11| 2} 0] O] 1| Of 1| 15 5.8
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ol 2 SCHOOL
=l g QUESTION =
ASKED
| 2 12 3l 4 5l6l 7|8
HE 92| 81| 32| 55/ 93| 8o 80
55117| ions wrong but method for (22)
formulae right 15{16] 3] 0] 4| 1| 4| 43116.6
56]17| formulae for sodium silicate
wrong 871 73| 2715591 79{78 | 490]95.5
57117] left out oxygen in Na2SiO3 60[ 37| 16| 44|73| 57|62 | 349|680
58/17| ‘ionic' formulae wrong but (23)
Na28103 correct 0} 51 1| of of Ol O 6126,0
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| 98i19.1
61|19| moles of Fe in F6203 wrong  |33]|75|19|36|72| 64|51 | 350[68.2
62|19| method for formula weights (24)
right but moles of Fe wrong [25|59|14|R9|55| 45|38 | 265|63,.8
63|20 cannot translate an equation
written in formulae 61| 42125(44183151|56 | 362170.5
64|21 do not understand what is
meant by a 'Balanced Equationi65|50{22{51|73|45|50 | 356{69,3
65(22| do not know when it is essen=
tial to write a balanced
equation 82165|31|35|81| 54|48 | 396|77.1
66(23 | had simple 'moles from
equation' wrong 64173123143 17416965 | 411}80.1
67123 | had 'harder moles from
equation' wrong 851803252 [93| 78|79 | 499]97.2
68|23 | simpler moles wrong but } (25)
harder moles right 31 1{ 0} 0|0 2] O 6]42.8
169123 | simpler moles right, harder (26]
moles wrong 24| 8| 9] 9|19|11|15| 95{93.1
70 24‘ had proportion calsulation
wrong 6415627 {37 76| 42160 | 362|70.5
71|24 | had Yharder moles' in Quest.
23 wrong, but proportion (27]
calculation right 24125 5115 (17{37120 | 143 28,6
72 125 | could not balance a ‘'covalent’
equation 47154116 {50 (90|63 (56 | 376{73.2
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gl2 SCHOOL
) A

=14 QUESTION ASKED 2 w
o |3 1 2| 3] 4{5| 6|78
& | & 921811325593 |80|80
73|25} could not balance an 'ionic!

equaticn 51153118{46 (8352148 | 351| 6844
74125 could balance 'covalent!

but not 'ionic! 13112| 51 21 0| 81 6 | 46| 8.9
75125 could balance ‘ionic! but

not ‘*covalent' o113 3| 6| 7]|19114 | 71|13.8
76126 | equation (a) incorrect 18119 5(17123|11] 7 {100|19.4
77126 | equaticn (b) incorrect 57156116 |38 |57 |54 (68 | 346|674
7826 | equation (c) incorrect 8778129 (52 |87 7480 | 487|949
79 |26 | equation {b) szorrect, equation (28)

(a) incorrect 1{ 20| 2|3f1lo0 9] 5.3
80|26 | equation (¢) correct, but

equations (a) and (b5 (29)

incorrect 0l 0l 0jOlO}0O]O 0 0
81 11 right but 12 wrong 51 7113125129115111 | 105|20.4
82 11 and 12 right but 14

wrong 15116 21{18|2131(10 [113]22,0
a3 11, 12, 13 all correct 571401 71 7123 (21|24 1179 3?08)

30

84 33, 34 right but 35 wrong U9 137 | 4114129123 6 |162(43.2
85 33, 345 35 right R5 20 |16 [29 13914539 {213 [41.5
86 33, 34, 35 right but 36

wrong 5(5|51 4| 4] 2| 3| 28[13.1
87 33, 34, 35, 36 right RO 15 [11 25 (35 143 36 1185|36.0
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Notes on data pages Appendix 2,10 - 2,14

L,
Re
3e
o
50
6.
7o
8,

9
10.
1l
12.
13.
1.
15,
16,

17,

18,

19.
20,
21l.
R2,
3.
2o
R5e
26,

27

% of those
% of those
% of those
% of those
% of those
% of those
% of those
% of those
(21, 31, 9,
% of those
% of those
% of those
% of those
% of those
% of those
% of those
% of those
% of those

3, 9 = 50).

who had & arrangement of oxygen wrong.

who had & arrangement in Quest. 5 wrong.

who had 2 or more binary formulae wrong.

who had elements wrong in Quest. 7.

who included oxygen in Quest. 7.

who had idea of gaining 1é right in Quest.9.

who did not get the idea of gaining le in Quest. 9.
who had neither C1~ or the idea of le in Quest.9
11, 17, 20, 12, = 121)

who did not have C1 in Question 9,

who had e arrangement correct in question 1l.

who had electron arrangement wrong in question 1l,

whe had idea of losing Re correct in question 12,

who did NOT have idea of losing 2& in question 12.

with Ca2+ correct.,

with Ca2+ wronge

who had idea of losing 26 wrong in question 12,

with all steps 33, 34, 35 wrong (12, 5, 6, 3, 12,

% of those with steps 26, 27, 33, 34, 35 wrong (4, 1y 4s 3, 5,

1, 3 =21),
% of those
% of those
% of those
% of those
% of those
% of those
% of those
% of those

% of those

with 2 or more formulae wrong in question 1l5.
with 1 or more formulae wrong in question 17,
with ions correct in question 16,

with ions wrong in question 16.

with Na23103 correct,

with method for formula weights correct.
with 'harder moles! from equation right.
with 'simpler moles' correct.

with 'harder moles' wronge
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28, % of those with equation (b) correct.
29, % of those with equation (¢) correct.
30, % of those with 33 and 34 right.
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ATTITUDE QUESTIONNAIRE

This is a questionnaire to discover how you found the various

topics that you have studied so far in the third year,

carefully and decide how you found it to learn, using one of the

Read each

four categories, Very Easy (V.E.); Easy (E); Hard (H); Very Hard

(V.Ho)o

1.

TOPIC

The structure of the atom - protons, neutrons,
electrons.,

VE

VH

2« Atomic number/mass number,

3s  Isctopes,
"4e Mags spectrometer.

5 Atomic weights and their determination, Idea

of an average value for atomic weights.

6. 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.
9. Atoms sharing electrons - covalent bonds,
10, Unequal sharing of electrons - polar covalent.
11, VWriting formulae for simple compounds like -
water or sodium chloride etc. The use of
valence numbers (valency).

12, Valence numbers (valency) from an elementts
position in the Periodic Table,

13, Writing (remembering) formlae for complex
ions such as'ammonium',

14 Writing formulae for compounds such as
calcium carbonate.

15, Putting the charges on formulae e.g.

2+ \\ R=

Ca 003 .

16, Calculation of formula weights.

17. The 'mole! (gram atom) and calculations

using it.,
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VE |E |H | VH

18, Writing word equations e.g. calcium + water

-> calcium hydroxide + hydrogen.
19, Writin symbol equatlons €ogo Ca + H20

-> Ca%o
20, Balancing equations, *
21, Writing equatlonsfglth se rate ions e.ge

Ca + 2Héo -3 Ca + 20 H2
22, Writing equations, puttlng in all the

state symbols e.ge Ca + 2H20 1) >

2
Clng) * A g ¥ H2(g)

TEACHERS QUESTIONNATRE

pupils found it

|
i How you thought
f to learn

Same as above but with 2 sets of response columns headeds=

How you found
it to teach

|
?
l
|
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A. Pupils Responses
Q§§Tt° SCHOOL | Wfight Stard | vEan
G| Gul ol &l &l G| | |en | X
1 |1.772 {10940 {1,719|1.709 [1.761{1.513 |1.913 | 1,768 |0.136 | 35.4
2 2,022 |1.73812.219(|1.873 [1.967| 1.963 [2,165 | 1,976 |0.140 | 39.5
3 |24529(2.75312.594]2.67313.051| 2.468(3.205 | 2,746 {04227 | 54.9
L |24333(2.63812,53112,782 [2,931( 34744 [3.063 | 2,883 {0,440 | 57,7
5 [2.615|2.81012.719]2.764 |2.830| 2,684 [2.775 | 2,742 {0,076 | 5449
6 |24533 |2.:274|2.375 24400 |2,478| 2,757 24513 | 2,489 |0.143 | 49.8
7 12,750 [2.690|2.781 3,091 [3,022| 2,868 2,900 | 2.870 |0.133 | 57.4
8 |2e511]2.476|2.813|2.636|3,077|2.778|2.704 | 2,712 | 04205 | 5442
9 [2.163(1.952|2.656]2.673 |2.522] 2,650 {2,475 | 2.404 | 0.259 | 48.1
10 |2.3372.155|3,063|2.727(2.890] 3,095 [2.688 | 2.668 | 0.330 | 53.4
11 |1.793 10774120290 2.418|2.446] 1962 |1.463 | 1.981 | 0.347 | 39.6
12 [1.598[1.57112.344{2.69112.391(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 | 0.366 | 51.1
14 |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
116 12.250(2.536|2.531] 2,655 |2.696| 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
18 20424120107 [20344]2e400[2.533|2.163| 1,988 | Ro277 | 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 | 04223 | 5447
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|Ra745]3.2933+125|2.913 | 2.940 | 0.328| 58,8

Total Number of Responses - 513 .




Teachers Responses A.2.20
Question Difficult to teach Difficultyl to learn
Number (mean x 20) (mean x 20)
1 3640 39.6
2 38,0 44,60
3 45,0 5440
4 470 5563
5 55.0 60.0
6 4740 5540
7 49.0 5940
8 4340 50,0
2 49,0 5540
10 53.0 6540
11 4640 58,0
12 37,0 4540
13 IA: 94 6804
1 50,0 64,40
15 4643 63.1
16 4040 4540
17 5740 67.0
18 50,1 4940
19 5503 6904
20 5306 67.0
21 5547 6747
22 5567 642

Total Number of Responses 20
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Second Test on Formulae - May, 1971,

UsGe/ToHof2

1.

2e

3.

o

56

Mark each answer right or wrong.

Write the formulae for

(a) Hydrogen Sulphide

(b) Phosphorus Oxide

(¢) Boron Fluoride

(d) silicon Hydride

(pass = 3 or 4 right)

Write the formulae for the following ions

(a) Carbonate

(b) Sulphate

(e) |Nitrate

(d) Hydroxide
(e)  Ammonium

(pass = 3, 4 or 5 right)

Write the formulae for

(a) Potassium Sulphate

(b) Magnesium Nitrate

(¢) Ammonium Carbonate

(d) Iron(III) Hydroxide

(pass = 3 or 4 right)

Write the formula for

Sodium Silicate

How many moles of oxygen can be produced from

heating 1 mole of lead nitrate?

2Pb(N‘03)2

-—9

2PbQ + ANO2 + 02
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Results of Re-Run on formulae etc.

All results shown as % correct response.

estion 1 2 3 4 5
2 4R3 7945 5246 28,2 246
3 50.0 8163 5603 5643 18,8
4 4o3 6547 37.1 8.6 1.4
5 Rel 3642 33.0 10.6 5¢3
7 R3.8 9205 71e3 2245 2603
TOTALS 19.2 67.8 4845 19.2 9e5
Results of 1st Test run on formulae etc,
’/ffffgé%//”"//, 1 2 3 4 5
estion
2 4801 32.1 13,6 9.9 1.2
3 40s6 | 3745 | 3het | 15.6 | 0.0
L 9.1 4743 1405 0.0 5.5
5 16.1 29.0 9.7 2.2 0.0
7 R5.0 71.3 375 205 1.3
TOTALS 27.0 43 el 60,2 5.0 1.5
Schools 1=7 33,0 5060 2740 40 3.0
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Transcripts of Interviews with Pupils

N.B. In this section supplementary questions or other infor-
mation essential for understanding are shown in brackets.
Ref. number (1)
Main question asked:-
How do you work out the electron arrangement from the

atomic 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 oxygen 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 number 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
boxes.
9 Carbon has got six, so it is 2.4 (Why?) Well it has got

six electrons and the electrons are arranged in the orbi-

tals and there are two, then the next one is four.
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Pupil Replies
10. (for oxygen) Because the sixteen thingmes, I remem-

bered that from the thingme (You remembered there were
sixteen electrons) Yes (Why is it 2.8.6) Because there
~is the imner shell can carry two, then the next onc is
eight. so there are only six lett in the next one. (Is
there any way you can work out the arrangement of electrons
using 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 arrange-
ment. |
Ref. number (2)
Main question asked:-

How do you work out valence numbers from electron arrange-

ments?
Pupil Replies
1 The number of half filled boxes is the valency number
(so .for oxygen how do you go from 2.6 to two) it is two,
you fill the bottom two, éhen in the next row four (boxes)
there are six, that leaves two half filled and that gives
you valency 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 ;hat one (Carbon)
it is going to be eight, the maximum you can get into it

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

get something into.



A.2.25

Pupil Replies
2. In this one (oxygen) there are two you can put something
into. In that one (fluorine) there is just one you can

put something into.

3. (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.

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

Because its column, second from the end of the periodic

table.
5. (carbon) four half filled orbitals gives you a valency
of four. (oxygen) six on the outside and it has a

valency of two becausc there are only two half filled
orbitals.

6. (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.

7. You take the last number (from the electron arrangement)
you take how many electrons are in the outer orbital. (and
is that the combining pover, does fluorine have a combining
power of seven?) Yes.

8. Don't know - its the number of half filled boxes (why
did you write one for fluorine when 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.



10.

11.

12.

A.2.26.
Replies

From the number of electrons in the outer shell (How
do you go then from 2.6 for oxygen to two for the com-
bining power) There are two unused, there are two empty
boxes. (for carbon you have written down two - No reply
to this and pupil:could not work it out.)
(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.
(Do you know how to go from the arrangement of electrons
to valency numbers or combining power?)  No.
It goes down the way from hydrogen down and then the next
column down and when 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. number (3)

Main question asked:-

Pupil
1.

Explain how you arrive at these formulae.

ReElies

Carbon has valency four, hydrogen valency one, so that for
every one bond in the hydrogen you need one bond in carbon
carbon has four bonds, so you need four hydrogens. (Why
did you write 002?) It is the short form of CZOA' It is
the same way as you got CHq but only this time oxygen has

a valency of two, so for every carbon there is going to

be two oxygens.



Pupil
2.

A.2.27.

Replies

Hydrogen fluoride that is just HF, CH,, hydrogen oxide
H20, carbon oxide is CO2 (How do you know it is 002?)
Oxygen 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 four. You take that down to
the simplest one, that is CIOZ’ but you do not need to
bother writing iﬁ the one, so you just write COZ'
(How do you get CHQ) Becasue the valency number of carbon

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

did you go from 0204 to 002?) Because it cancels by two

(What does €O, mean?) With every carbon there are two

2

oxygens.

" Carbon hydroxide - C(OH)4 (Do you get that?) No. (pupil

then changed this to 0102. How do you work out the
formula for carbon oxide?) Carbon's valency number is
four, oxygen's valency number is two, CO, (Why is it co,
and not 0204?) Because you swap them over, swap the
number over. (If you do that it would be 0204, why have
you written 0102?) Because it is two oxygens per carbon.
Carbon symbol C, and hydrogen, hydride, H, carbon has a
valency of four, hydrogen one, cross multiply, CHQ
(Explain how you got CO, then, rather than 0204) Garbon
has a valency of four, oxygen has a valency of two, cross
multiply you get two, four, cancel down to one two.
Carbon has four half filled boxes and oxygen has got two

and whenever you multiply them round you have carbon with

two and oxygen with four, and you cancel them down, carbon

can have one and oxygen two.



Pupil

A.2.28.

ReElies

(pupil wrote CH. Is that right?) No it is CH, (How

4
did you arrive at CHQ?) Carbon is in the fourth column
of the periodic table, having combining power four and
you change combining powers over to the hydrogen to give
hydrogen four. (Tell me exactly how you got H20)
Hydrogen is in the first column, giving it a valency of
one, oxygen is in the second column, no it is the sixth
column, giving it a valency of two.

(pupil wrote all formulae using atomic numbers as valence
numbers. Why 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
number of half filled boxes.

Hydrogen and fluorine, combining power one, fluorine is
one, so it is one each. Carbon is C, hydroxides OH,
hydroxides one, carbons, means that it should be (OH)Z'
Oxygen is eight, hydrogens H, oxygen is O so, hydrogen
one, oxygen two SO HZO. (Explain carefully how you

go from the combining power for oxygen and hydrogen to

the formula for water of H2O).



A.2.29.

Pupil Replies
9. Their combining powers, hydrogen is one, oxygen is two

S0 you reverse them, it. is HZO' (For part 'd' you have
gone from a combining power of two for carbon and two
for oxygen to be'COZ) It should be one, it should be CO
(Why did you write CO2 the first time?) I hadn't, it
would cancel out. (Had you remembered CO2 from other
times or had you just made a mistake?) Just made a
mistake.

10. H for hydrogen, F for fluorine, fluoride and hydrogen is
one and fluoride is, I think that is two. (Why is it
HZF?) Because hydrogen is one and I think fluoride is
two and you swap them about. Carbon is C, hydrogen is

H and that is CH, and hydrogen oxide, oxide is O and two

3

Hy0 (Why is it H,

got one of a valency and oxygen has got two and you just

0 and not HOZ?) Because hydrogen has

swap them over. Carbon oxide that is C,0, =~ 0203.
i1. (Pupil could not do this question. Why can you not write
the formulac for these questions?) ‘I cannot mind where
it is placed on the periodic table - the half filled orbitals.
The number of half filled orbitals is its combining power.
12. The hydrogen H plus fluorine combining power three,
hydrogen is one so it is HBF' (What have you done with
the combining power?) flipped them over.  Carbon is C
cannot do this one, hydride. (Why can't you do it?)
Do not know hydride. (You do not know what elements
are there) No. = Hydrogen plus oxygen, oxygen has got

two, hydrogen has got one, flip them over so it is HZO'



A.2.30.

Pupil Replies
12, Carbon and oxygen, valency of carbon is three, so it

is flipped over C203.
Ref. number (5)
Main question asked:-
| How 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

present.)
Pupil . Replies
6. (You included oxygen into all of them. How do you

actually go from the name to what elements are present?)
Well ~IDE means that there are two and oxygen. (1f 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
many 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 know by - you can tell from the name. (How do you

know it contains hydrpgen and sulphur and nothing else?)
The oxide says there is oxygen there (so what does the
ending ~I1DE telljyou?) 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.



PuE'l
11.

A.2.31.
Replies
(What does the -IDE tell you?) Oxygen or hydrogen.
(Is oxygen present?) Yes. (Pupil did not include

oxygen in the answer to the question.)

Ref. number (6)

Main question asked:-

Explain how you work out these formulae using the

periodic table.

Pupil
1-.

Replies

Get the symbols, it would be H and f, get the valency
numbers, cross them over. (whe;e are you getting the
valency numbers from?) The Periodic Table. Boron B,
fluorine has a valency of one, borom valency three (How

do you know boron is three?) It comes before carbon, it

is one less.

The first one is hydrogen U, S is in, the electrons

number is leaving us two sparc ones at the end to make

up the complete shell, so you would manage to get two

more to join up with it, so it has a valency of two, put
across, so as hydrogen just has the one, so it does not
really count, HZS' Boron fluoride, boron being, it has

got a valency of three because you are going to take three
out of it to take it to go into the other one (How do you
know you are taking three out of it?) It is the easiest
way to get it back to an inactive one. (How three?)

You are going td take three electrons out. (But why three?)
It is because from writing out the arrangement of electrons,

it is giving it as three.



Pupil

A.2.32,
Replies

(You looked at the periodic table, so how do you know
from the periodic table that it is three?) The third
column.  Phosphorus, that one thereis, has three more
to fill up. Oxygen just has two and so it is P203.
Silicon is in thé 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 SiH4'
Hydrogen 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 H28° (Pupil wrote
SiH3. Why did you give silicon a combining power of
three?) It should have been four. fwhy?) Because it
is in the fourth column.
Hydrogen valency one, sulphur valency number two, so it
is HQS. (How do you know that sulphur has a valency of
two?) Because it is under oxygen and oxygen has a
valency two, it is in the sccond column, the columns are
in valency numbers, that is 3, 4, 2, 1, O.
Hydrogen H, sulphur S, hydrogen has one electron, so it
has a valency of one, sulphur has two electrons in level
so it is HZS and you cross multiply. (How do you know
sulphur has a combining power of two? Were you using the
periodic table?)  Yes. You work it out to get two
electrons, two half filled orbitals in the outer level.

(Can you work it out from the Periodic Table?) No reply

(You said two, was two mainly from memory?) Mainly, yes



Pupil

A.2.33.
Replies

(Try the next one) Boron and fluorine. Boron has a
valency of three and fluorine of one, so it is BFB' (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 which 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.
Well the hydrogen sulphide, put down the symbol for
hydrogen 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 1 swapped over the valencies giving hydrogen two
and the sulphur one to make HZS'
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 know 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 HZS'



Pupil

10.

11.

A02034.

Replies
Hydrogen sulphide, hydrogen is H, sulphide is S,
hydrogen has got a combining power of one, sulphur two
so0 reverse them, so it is st. (How do you know sulphur's
got a combining power of two?  Where did you get it from?)
The periodic table. (What is the relationship between
positioqm;n the periodic table and combining power? How
can you look at the periodic table and find out what the
combining power is?) The wayit is laid out, it is done
in metals and non-metals. They are laid out in groups
of combining power one, two, three, four. (What about
the groups headed with nitrogen?) Nitrogen has got a
combining power of three, then three, two, one.
Hydrogen sulphide, S, combining power two, (How do you
know the combining power of sulphur is two?) Because
you count along the lines to four and then you, .....
you count across cach row to four and then you count back
the way 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 PZOB. (And 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, HZS’ B, boron combining power three, F, fluo-

rine combining power one, B,Fj.



A.2.35.
Replies

The H comes from the hydrogen, sulphide comes from sulphur
S, valency of hydrogen is one, valency of sulphur is two
flipped d;er HyS. (How do you know the valency of sulphur
is two, where do you get it from?) The tables. It is
the sixth column along, it is cight minus six which is two.
(How did you get,SiHa?) Used tables again, looked up
silicon and wrote down Si, and looked up hydride as
hydrogen and thevvalency of hydrogen is one and the

valency of silicon is four, flip over.

Ref. Number (7)

Main question asked:-

Pupil
1.

2.

Explain how you fill in the blanks in this equation.

Replies

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
one.

(You have written 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 my head.
(And how did you work out the arrangement of electrons
as being 2.8.7.7) Well I counted that and had eight-
een with that at seventeen so I decided to add on

another electron.



Pupil

A.2.36.
Replies

(How do you know that chlorine becomes Cl ?) Because
there is one extra electron. (Why is it gaining 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
sec that and underncath it you want the shells of
electrons, so it‘will be two for chlbrine, 2.8.7. (How
do you know it is 2.8.7.7) 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 negatjve. Plus one electron (and why is it plus one
electron?j 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. with seven-
tecn. You have to add on an cleclron to get it to 2.8.8.
(How do you know chlorine is 2.8.7.7) 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
eléétron to make 2.8.8. (Why does chlorine become
negative?) Because it has gained another electron.
Weli chlorine has got seventeen electrons and the formula
f;f;that is 2.8.7. and it has got a positive charge and
som;thingllike a negative charge. The chlorine plus
anofher chlorine would lose, they would gain together and

one would lose an electron and it would go onto the other/



Pupil

8.

].O.

A.2.37.
Replies

and the other would lose, one would lose and one would

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, hydrogen because

it has got one half filled box. (Pupil wrote Cl + Cl -
2.8.8.

Cl and changed this to C1 + H = Cl)
2.8.7.

(How did you know that chlorine was to gain an electron?)
Well 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
negatively charged?) Because it has got an extra electron.
(How did you know to add one electron?) By working out
the levels. (Why have you put Cl+) Because there is

an even number, all the orbitals are filled.

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
counting out the way electrons are, it should be two is
ten and seven is seventcen. 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 with
it. (Pupil indicated the chloride ion on the right hand
side.)

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.



Pupil
10.

11.

12.

A.2.38.
Replies

(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
would 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
c17?) it should be plus because it gained a positive.
(Pupil wanted to change Cl™ to Cl+. If your Cl~ was
right?) it wquld have to be e~ (1f you see Cl~ written
down, what 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+ef = ah
(Pupil could only attempt the electron arrangement for
chlorine and did not know how go attempt the rest of
the question even on prompting. How do you work out
the electron arrangement?) no replye (Pupil wrote
2.8.8. and then crossed it out and then could proceed
no further.
(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.



A02039'

Ref. Number (8)

Main question asked:-

Pupil

].I

How do you work out the formula for sodium chloride?

Reelies

(How do you knowfthe answer is right by looking at it?)
Because the charges balance and cancel each other out.
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.

Sodium is Na, chlorine is Cl, so it will be Na+C1-

(Why one plus and one negative, and why one of each?)
Because chlorine just needs one more electron to make it
a full orbital.

(You have written Nn+Cl-. How do you know that is right
by looking at it?) They are both valeucy number one, and
sodium is a metal so it is positively charged when it is
an ion, the chlorine is a non-metal so is negatively
charged.

(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 written down that you
have got a combining power of one ?) from the attraction
of one positive and one negative.

(How do you know it is Na+Cl_?) Sodium having gained
electrons will Becomc positively charged. Chlorine

gained an electron and it is negatively charged.



10.

12.

A.2.40.
Replies

The atomic number is eleven, one half filled and the
same with chlorine, therefore 1 : 1. (Why have you
written Na Cl™?)  There is one extra electron so it
will be negative.
(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
know is it Cl~ and not Clz-?) It has only got a valency
of one. (1f you write down Cl~ what does it mean has
happened to the chlorine?) Chlorine has lost an electron.
(So if you write Cl it means that chlorine has lost am
electron?) Yes.
(Pupil wrote NaCl, but added the charges when asked.
How did you work the formula out? You used the combining
powers from the periodic table?)  Yes.
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 why is it one negative?)  Because

it has got a valency of one.

Ref. number (9)

Main question asked:~-

calcium?

Pupil
3.

Explain how you worked out the electron arrangement for

Replies

There are two electrons in the first orbital so it starts

off two, then eight, eight, two.



A.2.41.

Pupil | Replies
4. (Looking at your arrangement of electrons which column

of the periodic table would you expect calcium to be in?)
The sccond.  (Why?)  Because the last one is two.

5. Calcium is a mass number of twenty, divide up into the
electron arrangeﬁent, there are two in the first level,
eight in the second, eight in the third and two.

6. You work it out from hydrogen and you work 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 working 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 Lhere arce cight and there are only two left.

11. There are two in the first level, then eight, then cight
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)

Main question asked:=

How do you work out how many electrons calcium will lose?

Pupil . Replics
1. It has got twb in the outer shell as it is and if it loses

these so thaﬁ_will make it complete.

2. You try to take it back to eight, being the completely

filled one.



A.2.42,

Pupil 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

usually filled, you cannot add anything to it.

7. Its electron arrangement is 2.8.8.2. it has to lose two
electrons.

8. There are two half filled boxes, you need to get them
to another with 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 worked 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 many electrons would it lose to have a completely
filled level.) 1 thought it was to gain. (So you put six
when you thought it was to gain, to bring it up to eight)
Yes. (S0 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. Number (11)

Main question asked:-

Explain 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

A.2.43.

Replies

2, 3, 5. Because it has lost two electrons.

4.

10.

11.

12.

Because it is in the second column so it must need{two

9
clectrons, 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
with a charge. (How do you work out the symbol for the
calcium ion?) Well, calcium is Ga (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
orbitals.

(Why have you written Ca2 down, how did you work that out?)
Because the symbol for calcium is Ca and it is in the
second column, so I put two after it.

(pupil made no attempt) I don't know how to do that
question.

(Pupil wrote 2e, Ca2-) Because it has got a valency 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?)



PuEil

12.

A.2.44,

Begligi

2~ . 2~
Ca” . It is Ca because it has lost two electrons.

Ref. number (12)

Main question asked:-

Explain how you arrived at your answer for calcium

chloride.
Pupil . : Replies
1. It is, Cl has a valency of one, calcium has a valency

of two, so it is going to take two chlorines for every
calcium to balance out the charges.

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.

Because chlorine is just onc negative charge and it has
got to become neutral, so there are two of them. (In
order to do what?) Cancel out the Caz+.

(you have written down Ca2+C121-. How do you actually
arrive at this formula?) Because they are all covalent
bondings so there is no overall charge.

(Pupil wrote CaCl2 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 CaCl2 (You did not worry about
balancing the clectric charge on the ions, you used a
rule, a mechanical method of getting it, for getting the
formula?) Yes. (Why have you written 012_?) There

are two chlorines there already, there should only have

been one.
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Pupil Replies
7. Calcium is positive, the chlorine is negative. (Why

two chlorines with the calcium?) Calcium is in the
sccond column in the periodic table, so you change the
two from calcium to chlorine.

8. (Pupil wrote Ca+012-) Well calcium 's combining power
two, chlorine one (Why Ca+ and Clz_?) Because calcium
has got an equal number therefore, positive, chlorine has
got an uneven number therefore, it is negative.

9. (Pupil wrote 031012 and then added the charges, making
Ca , 0122+. What charge d-o you have on the calcium ion
here?) Negative. (and on the chloride?) Positive.
(How many?j two positive. (How did you arrive at Ca
negative, one negative in this case?) Well, their
combining power, the formula is Calclz. (How did the
chlorine arrive at a double positive charge?  What had
to happen to it to arrive at a double positive charge?)
Well it gained two electrons.

10. (Pupil wrote CaCl, and then added the charges Ca-Clz+.

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 many did the calcium

lose?) TWO » (So you have written down Ca and CIZ+)

Yes. (Pupil did not wish to change these charges.)

Ll. (Pupii wrote CaIICIL, then CalCl2 and then added charges

2

crossed them over. (How did you work out the charges

making Ca+Cl ) I wrote down the valence numbers and

on the ions?) I don't know.



Pupil
12.

A.2.46,
Replies
(Pupil wrote Caz-Clz-) You flip over the clectrons.
First take the calcium to chlorine and calcium to chlorine
two of cach so ft will be zero. (So if it is two of

each you keep the charge zero?) Yes.

Ref. Number (14)

Main question asked:-

Pupil

How do you arrive at the formulae for these ions.

Replies

All the pupils except Number 10, stated that they just had to

memorise these ions. None of them knew any way of checking on

the accuracy of their memory.

5.

10.

(Do you have any way of checking to see if they are

right?} Well, there should be.

+ - -
(Pupil wrote Cz H 82 H H+; N,3 H NH,+; How did you

“+

work out the formulac 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 02 7) Because carbon was in the second

column and it was a plus. (How do you arrive at nitrate

as N3-?) Well nitrate was in the, after the fourth

column, in the fifth one and 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. Number (16)

Main question asked:-

Explain how you worked out these formulae.
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A.2.47.

ReElies

K is the symbol for potassium and it has got a valency
of one, it will be 1+ because it is going to lose¢e an
electron, (This (sulphate) has got two winus, it is
going to take two of the K for every one of the sulphate
ion. (Why do-fou put brackets around the OH in iron
hydroxide?) Because it is three of the complete ions,
not three hydrogens.

(Why have you wfitten (NHQ)Z’ 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 written (COB-) ) It should have. a
combining power of two. (So you remembered it was two?)
Yes. (Did that come from habit, from writing formulae
down?  llave you written (NHZI)ZOO3 sufficiently often
for it to stick in your mind as right?) No. (What
convinces you that two is right?) I can remember it
written down in the table above sulphate. (Why did you
put the brackets around the OH?)  Because it is the
whole lot two times.

Potassium is K, sulphate is 50,, there is nothing else.
(Pupil used (SOA-)) Magnesium is Mg, nitrate is NO,
(Pupil used NOB-). Why do you put twice after the
ammonium?) Because carbonate is valency number one.
(Pupil had written 033~ in previous question) and

ammonium is valency number, you swap the numbers over.



Pupil

A.2.48,

Replies

Potassium K, sulphates 804, potassium has a valency

of one, sulphate has a valency of two, cross multiply

K2504.

(Pupil wrote Mgl (N03)1. When you wrote magnesium
nitrate, what combining power have you given to the
nitrate?) No combining power. (None?) Yes. (How
did you work out Mg, (NOB)I?) No reply. (Tell me
first how you wrote potassium sulphate) I found the

symbol for potassium to be K, and sulphate SO,, sulphate

4°
has got a combihing power of two, potassium has got a
combining power of one. (Pupil wrote KZSO4) Magnesium

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 would be tripling

the hydrogen and not the oxygen.

Potassium is K, combining power of one, sulphate SO, »
combining power of two, change across, it is Kzsoq.

Ammonium is NH&’ combining power of one, carbonate CO3,
change across (NH4)2003. Iron Fe, combining power of .
three, hydroxide M, combining power of one so it is

Fel(OH)B' (Why do you put the brackets around the OH?)

Well you know you are not going to mix them up with the

combining power. (Would it have been all right to write

Fe(OH)3 without the brackets?) Yes it would.



PuEil
10.

12.

A.2.49,

ReElies

Potassium K and sulphate is SO (Pupil wrote Kl(804)2

4
and made this KZ(SOA)' So (804) has a valency, combining
power of two. = How do you know the formula is s0, and
combining powef two?) Just remembered that, Magnesium
is Mg, nitrate is NO, NO twice. (Why is it NO twice?)
Because magnesium has got a valency of two. (and what

is the valency of NO then?) One. Ammonium is NH,

and carbonate is CO and just put the four off the NH.

(Pupil wrote NH(CO)Q) it should be NH that should be

40
co. (Pupil wrote NHQ(CO).
Potassium is K, sulphate is 804, potassium has got a
charge of ong and that got two electrons (Pupil wrote
K'soa. If you do have to put the charges on potassium
sulphate, how do you do it?) Flip over the sulphates
charges and the potassium's charges. Potassium has
goL one negative, sulphate has got two clectrons, flip
over, it's potassium would have two clectrons, and sulphate
would have one electron. (Pupil wrote K?eSOA-l). Magnesium
Mg, nitrate N03, magnesium has got a valency of two and
nitrate has got a valency of two, it will be just the
same (MgNOB) Ammonium is NHA, plus carbonate COB’ both
got a valency of two, it will be just the same (NHQCOB)
Fe, three, hydroxides OH, iron has got a valency of three
and hydroxide has got a valency of two, flip them over,

. 2- 2~ 2- 2-
it is Fez(OH)B. (Pupil used NO3 H NH4 H 003 ; OH
Do you need a bracket around

in the previous question.

the OH?) Yes, so it is not just OH three, three hydrogen.
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Ref. Number (18)

Main question asked:-

4

10.

Explain how you arrived at the formula for sodium silicate.

Replies
Silicon is in the same column as carbon, it is going to
make the same ion with oxygen, with the same valency.
Silicon is in the same column as carbon so you take
silicate as carBonate.
It is in the same column as carbon, silicon, so it will
have the same valency, combining power. (Why Si03?)
Because it has the same combining power as carbon. (And
will be like?) Carbonate.
Silicate, plus oxygen, that is S5i0, silicon is underneath
carbon so that is silicate, maybe I missed out something,
SiO3, it is the same as using carbon and I think it has
got a valency number of two.
Silicon is in the same column as carbon, you just use the
carbonate and replace the carbon with silicon.
Silicon is in the same column as carbon, it must be given
the same combining power carbonate has, so I gave it

Si0,, a combining power of twice.

3’
Well carbonate is CO3 combining power of two, so,
silicate is in the same group, so it must be Si03.
I do not know that one. (Have you any way of working

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.



Pugil
12.

A.2.51.
Replies
I do not know that one. (How do you work it out?)
Si, silicate, means there are two elements, sodium has
got a valency of one and silicon has got a valency of
two, flip over, it is Naasi. (So silicon has got a

valency of four?) No reply.



Calculation of correlation cocfficients

A2.52

Each item in the questionnaire was given 3

(1) an
(2) an
(3) an
Similarly

average assessment
average assessment

average assessment

actual performance

of difficulty

of "learning"

of "teaching"

in Test 1

and

scores viz.
by pupils
difficulty by

difficulty by

teachers

teachers.

the re-run was taken

as Lthe average pupil performance in a question.

Pearson 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

average score group y on question 1 and so on for question 2, 3,

etc.

ry pupil response v teachers '"to teach'.

r, Pupil response v teachers 'pupils to learn'

Ty teachers "to teach" v teachers 'pupils to learn'.
r, pupils response v performance in test l.

e teachers "to learn" v performance in test L.

re test | score v re-run score (Schools 2, 3, 4, 5,
r7’ test | score v Ltest 1 score

(Schools 2,3,4,5,7,) (Schools 1-7)

7)
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Principles Behind Construction of Gagng Net

~(14)

The net was based on the ideas outlined by Robert Gagne and

was constructed to show three distinct routes by which pupils might
arrive at formulae

(1) A mechanical approach using rote learning rules and a minimum
of understanding i.e. functioning at the Knowledge and Comprehension
level.

(2) An ionic approach using a certain amount of learned rules but
showing all the steps necessary for understanding so that a pupil
may function at the Application level.

(3) A covalent approach being as above but omitting the steps
involving ion formation.

Calculation of Degree of Difficulty

It is appreciated that the method of matching subjective
degrees of difficulty, an ordinal scale, to a sct of cardinal numbers
is open to criticism, but it does give a qualitative picture of the
level of difficulty involved in a question. No attempt has been made
to say that a question difficulty level 4 is four times as hard as

one with difficulty level 1.



CHAPTER 3

PRE-EXPERIMENTAL PLANNING AND DESIGN
OF THE REVISED TEACHING ORDER.
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Introduction

With the evidence provided by the lst test and questionnaire
shcwing that a large proportion of formuilae 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 time,

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
years

The maturity study carried out by A. H. Johnstone(l)

at Glasgow
had shown that

(1) work carried out in Class 4 was done better than that
done in Class 3.

(2)  pupils could competently handle the "organic" work in
Class 3.

In this study however, all pupils had completed the work on
formﬁlae and equations in one block before setting out on different
routeses Pupils who followed the "organic" 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.
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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 'ionic! work was better left to Class 4 (1)
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 '0!
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 S.C.E.E.B. 10! grade
syllabus(z) 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 Simple i.e. "organic" i.e. words
formilae binary structural
H(5) = (9) H(2), (4) L rest
J(5) - (8) 1(5 N

)
)

K(6) 0
)
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There are of course very valid objections to using the absolute
minimum complexity. They are:-

(1)  writing full names of compounds in both formulae and
equations can be very tedious and time consuming,

()  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 Cels
in calculations.

(3)  Although pupils may be able to understand the meaning
behind for example the redox pair

ZIn —> Zn2++2§
CUE N

if this is the only form of equation they meet then they can find

2¢ + Cy

it difficult to relate this to the real life situation of a plece
of Zine 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,i pupils
found these relatively easy when approached from the “carbon must

always have 4 bonds" standpoint and when formulae are written e.ge.

H H
(1) H-»(l)ufl.‘.-o-H or (ii) CH, CH, OH

b
and pever as (iii) G H:OH,  The expanded form; as jn.(1); 1is 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 Na23103 or

CZHSOH with the real world of molecules and ionic lattices.

Having established the level of formulae to be used, the
new syllabus order was deviseds This is given in appendix A.3.05-4.3.08,

along with any relevant explanations.
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Detsails of Syllabus Order Construction

N.B. (i) NIL word formulae only e.g. sodium chloride
(i1) % equations involving oxyanions are provided in the
data book used in the S.C.E.E.B. examinztions (19)and
therefore need only be copied.
Section Topic Level of Formulae required

Gl Evidence for atomic nature [NIL, symbols only.
of matter

GR Symbols for elements. " " "

G3 Constituents of atoms and " " "
their arrangement in the atom

G4 Atomic number " " "

G5 Mass numbers " " "

G6 Isotopes " b "

G7 Atomic Weights " " "

0 Conduction of electricity NIL
by substances.

0 Model of chemical combination [Simple formulse e.ge Na'C1"
which fits in with the facts |based on use of atomic
discovered in HL. structure and the fact that

the overall charge in a
compound is zero.

13 Experiments to support the NIL
ionic theory.

Conductivity related to This is best left to much
number and mobility of ions. |later in the order but
requires HCX, NaOH and NaCl,

H5 ) | Chemical formulae

H6 ) | Ions containing more than Full formula knowledge
one element. required and the ability

H? ) | Deduction of chemical formulag to deal with percentage
from analysis., compositions,

H8 ) | Formula weights. v

HO Equations and their use in Full use of formulae and
chemical calculations, balanced equationse

I1 Action of metals on oxygen By considering only the
water and acids,. relevant species involved,

then equagtions such as
Na —»Na + g 201 —»
012 + 28 are sufficient.

I2 Displacement of one metal by las for (1)

another
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Section | Topic Level of Formulae required

I3 Reduction of oxides Formulae for binary compounds

but unless a calculation was
involved, words could be used,

I Do all metals form ions NIL
equally readily in solution

15 The ionisation of water. Formula for water.

16 Oxidation and Reduction as NIL if similar equations are
transfer of electrons. used as in Il and I2,
Electrolytic oxidation and
reduction.

I7 Corrosion of metals and as for 6.
protection.,

J1 Acidic and basic oxides NIL,

+

J2 The Hydr ion H .

e Hydrogen ion (aq) NIL

J3 Characteristics of acids, NIL if word equations or

equations involving only
relevant specie¢s are used.

J4 pH and its uses NIL,

J5 ) | The OH ion and the If acids are treated as

) | characteristics of bases. sources of H , alkalis as
) sources of O all volumetric
J8 ) | Simple volumetric work calculations can be achieved
) | involving acids and bases. by (i) writing correct
) formylae (ii) making the No.
of H = No. of OH e.g.
(2) NaOH = 1 x OH:
(b) H,S0, =% 2 x H then
2 x (&) £1x% (b), Yo ecquat-
ions need be written therefore
except
H + O =% HO

J6 The process of Neutralis- If the right solutions are
ation and precipitation chosen then only word equa-
Heat of neutralisation. tiong and names of compounds

are essential,

J7 Preparation of salts. NIL.

J9 Preferential discharge of NIL - when equations invol-
ions (a) electrolysis of ving only relevant species
dilute sulphuric acid are used.

(b) electrolysis of sodium
halide solutions.

K1 'Burning' of ion pyrites NIL.
and sulphur in air as
industrial sources of
sulphur dioxide

K2 Properties of sulphur dioxide NIL
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Section |

Topic

Level of Formulae required

K3

K5

K6

L5

EE S BB

8032" as an electron donor

Conversion of sulphur
dioxide into sulphur tri-
oxide °

Conversion of sulphir tri-
oxide into sulphuric acid

Properties of concentrated
and dilute sulphuriec acid

Industrial uses of sulphur-
ic acid.

The element carbon =
different forms

Combustion of carbon
Saturated Hydrocarbons

0il and natural gas
Hydrocarbons as fuels
Unsaturated hydrocarbons

Nitrogen

Ammonia

Manufacture of ammonia by
Haber synthesis,
Oxidation of ammonia

Properties of Nitrie Acid
(a) as an acid
(b) as an electron acceptor

NIL - ionic equations
involving oxyanions are not
required at '0O' grade, there-
fore word equations will
suffice,

NIL

NIL

formula for water eege

C = ? -~ ? - C
L 0
(B0 —> %
NIL,
NIL.,
NIL.

"Organic" covalent type
formulae based on Carbon
forming 4 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,

As for 3
As for 3,

A&s for 3.NeB, it is important
here for pupils to know the
difference in structure

between C2HL and 02H6 and

to appreciate on a simple
level the reason for Bro-
mine addition to 02H o

NIL
NIL

NIL
NIL.

NIL if equations involving
only relevant species are
used (ionic equations with
oxyanions not needed at 'O!
grade ° )
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-Section Topie 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
gtructure for amino acids,

0L | Synthetic polymers Formulae as in L3 and N1,
02 Silicones Formulae as in L3 and NI,
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Revised Teaching Order

Approx,
- ‘Time
Scale

| Ref's
No.

Topic

S.C.E.E.B.
"~ Section
Number

Aug.

Octo

Jane

March

April

May

June

Aug,
Oct,

~ Jan.

10
1l
1l
12

14

15

16

Mid Feb.x

17

Atomic structure etc.

Simple ideas on bonding (ionic,
covalent, metallic)

Simple binary formulae (from the
periodic table). Do not insist on
charges on the ions, NaCl is
acceptables

Fuels and related substances (exclude
addition polymers). Always use
structural formulee (to show carbon
valency 4 etc.) and equations (which
need not be balanced) treated as a
summary of what has happened,

Foodstuffs and related substances
(1) Carbohydrates, alcohols, acids,
esters. Quick revision of the idea
of ions and how they arise - do noE_
include complex structure e.ge SOA

(ii) fats and detergents

(1ii) Proteins
No.B. leave the explanation of basic
character of the amines till MR

Formilae of oxyanions such as

sulphate and compounds containing these,

Simple equatiogg - include those of the
type Fe —> Fe~ + 28

Reactivity series, corrosion. Write
equations in terms of relevant species.

The mole concept, formula weights etce
Balancing equations and their use
Sulphur Chemistry

Sulphur Chemistry

Nitrogen Chemistry. Use these
sections (K and M) as good practice
for balancing equations and their use
for calculations.

pH, conductivity etce
(Include section Hi here)

Simple volumetric work. Bring in the
concept of MOLAR solutions; and simple
calculations on molarities,

Preparations of salts - interconversions

(good practice at writing equations,)

Preferential discharge of ions, elec-
trolysise

Macromolecules

Gl - G7

H - 13
H>

Nl - N2

N3
NZ

H6

J9
0l - 02




A.3.06
Comments,

Ref.

Ry5 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,

3 Introducing binary formulae at this stage will give
formilae of sufficient complexity to deal with stages
4y 5, but are to be used tc convey which atoms are present,
and how many of each. Hence 'covalent! formulae are
sufficient,

5(ii) Even though most schools probably follow carbohydrates

with a study of proteins as in Chemistry Takes Shaperz
it was felt that, as in the S.C.E.E.B. scheme, fats and
detergents followed more naturally the study of esters.
5(iii) As the pupils have not met the concepts of acids and
alkalis, the explanation of basic character must be left
until Stage 12,

6 The ions that are introduced here should be only thOSel
that the pupil is going to use commonly, namelyse
Hydroxide (OH) Sulphate (804)2" Phospherte (PO 4)3"'
Mitrate (NO,)”  Carbomte (C0;)*"

Ammonium (NH4)+

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 laters

Formulae should be written covalently e.ge HéSOA.
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Ref.
7,8 Reactivity series and corrosion provide good practice

material for writing simple equations, hence formulae amd

equations of the type Fe —3 Fo°* + 25 remove the
need for formulae written ionically e.g. Cu.2+ + SOzf

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
Aggust 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* + SOif mst be introduced and

" used. The state symbol: (aq) can be introduced but it
is doubtful how much information it transmits to the pupil.

1, Having given the mole concept time to be assimilated,
progression can now be made to the concept of a MOLAR
solution.

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
(¢) simple equation writing
(d) reactivity series
(e) mole concept

17 This relatively straightforward and practical stage which

is not conceptually demanding gives pupils
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(a) a pleasant end to their '0! grade course,

(b) time for more revision.



CHAPTER 4
PHASE 2 -~ MATURITY STUDY INVOLVING THE REVISED TEACHING ORDER
AND ATTITUDE QUESTIONNAIRE,
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Experimenial Desisgy
l. Set up a :leavning sitzation in order to evaluate the revisad
teaching order, having both experimental and control grcips. This
would involve the two year period from the start of Class 2 to the
'0' grade examinuticn at the end of Class 4.
2o Devise a number of tests to measure pupil performance in the
areas of formulas, equaticis and the mole.
3. Gather from schools '0' grade results in Chemistry and
relevant I.Q. data where posgible.
bo Stafistically compare the performance of the groups involved,
56 Draw valid conclusions,
6. Carry cut a similar attitude survey as in Phase 1, at the end
of Class 4.

7o Draw valid con:lisicns,

Seleqtion of schuyis

About 20 achoolis wsre selected to give a reasonable cross-
gsection cf pupils. The Heads of their Chemistry departments were
met personally and ihs revised crder explainede Some had tc decline
for administrative reagons, others accepbed tc be purely conurels,
The 1list of scheels who accepted is given in Appendix page A:doTle
The final roll ¢! schools etill gave a sampie which containe. schocls
from a wide wvarie'y <0 usituaticns, reflecting ihe whole Scottish
situation. Internal difficulties in schools led tc there being three
teaching orders, see diagram 4.0l on page 4.011. It was hoped that
schools woul& be able to provide 'matched' groups of pupils i.e. that
pupils would be divided into two groups on the basis of performance in
Class 2, so that the two groups were equal in ability and performance.
Each group could then be subdivided into teaching sets. It was not

possible to obtain this ideal and the resultant arrangement is shown

in the table on Page 4.02.
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A general outline of the three teaching orders.
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;g;ggi(s) Description of situation
4e5 411 pupils following the traditicnal crder - toc be

called Standard (II)
1, 3, 7, 14 All pupils following the Reviged order.

9, 10, 12, 15 |Pupils divided into 2 approximately matched groups
(a) following Scvandard II order
(b )following Revised order.

2, 8, 13, 16 |Pupils divided into 2 approximately matched groups

(a) following ‘organic first! order but with all
formulae, equations and calculations at the
start - to be called Standard (I)

{b) following Revised order.

1 11 K11 pupils following Scandard (I) order.

This arrangement meant that a number of different aspects could
be examined at the cne 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 i.e., 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 'en bloc'! revelation wheh pupils follow the

organic first teaching order?

Testing Procedures

(a) It was decided to administer 5 short 20 mark tests, one for
each topiec, as given belows=

(1) Binary formulae
(11) Formulae with oxyanions
(ii1) Formala weights and the mole

(iv) Balancing equations and calculations
(v) Revision of (i) = (iv)
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The final compariséns would be taken from the results of the
May 1973 '0' 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=

A1l Pupils in Clags III

Atomie Structure

Simple formulae & bonding

Sept/Octe 7l = == = = = - == Test (1)
Standard Order /\\Revised Order
Test (ii)—

Test (iii)—>
Nov/Dec Test (iv)=—>

&——Test (ii)
é—— Test (iii)
——Test (iv)

Jan. 73  Test (v)—> &——Test (v)

\

10! 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.

4 complete fixed response . layout was rejected in order to allow
for testing of understanding rather than recognition in varicus parts
of the test, even though this made analysis of the results more
difficult.

The completed tests are given in appendix page As4.02=A4.17 dlong with
the reasoning steps involved,

Teachers marked the tests according to fixed marking schemes
details of which are given in Appendix page A.4.18=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 informaticn, and a detailed mark return sheet
was sent out with this test. 4 copy is given in appendix page As4el4e
Administration

Schools were asked to teach pupils
() as they had traditionally = Standard II.

dR(b) formulae, equations "en bloec" followed by the organic first -
Standard I (This corresponds to the covalent group of 4. H.
Johnstone(l)).

or (¢) according to the Revised scheme and using the approach to

formulae and equations suggested during the visit.
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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 '0' 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 LY
Results

The results are tabulated in Appendix page Aefe26-A.4.28,  Some
schools, for various reasons, did not send in the results of some
testss These are shown as blanks in the tables,
Calculationg,

Means and standard deviations were calculated using scores of
2, 7, 12, 18 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
wae.s 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 (asoxn ?¢3€ A2u5%>
were calculated between the results of Test 1 and '0O' grade scores

for the various teaching orders. These were quite high.

| Revised | Standard (1) | Standard (II)

1 (test 1 ¥ t01) 0.6 I 047 | 0.6  #it

##  School 4 omitted because its results from Tests 1 & 2 were
anomalous caused by internal difficulties.
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Bearing in mind also that any differences in teacﬁing up to
Test 1 should be minimal between the groups, it was decided to use
Test 1 as a pre~test in order to balance the 3 teaching groups.

It was obvious that the schools which were following the revised
order entirely could not be matched dircectly with those tfollowing
the Standard II order - there being too large a disparity in means
on Test 1. Even within those schools whose groups had been matched
on the basis of second year performance there was a considerable
variation. To overcome this the following procedure was adopted.

Schools were picked from the 3 teaching groups to give samples
that had

(1) means, as shown in the total columns page 4.061 - 4.063,
differing by less than % standard deviation,
(2) comparable total numbers,
(3) comparable standard deviations;
for each of the comparisons that were to be made.

Deatils of schools selected and tables of results are given in
Tables 4.01, 4.02 and 4.03. Pearson correlation coefficients were
calculated using average scores for each group on each question.
(see page A.2.52) '7Z' tests were used to test for significant

differences.
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4.07.

Discussion of Results

(a) Revised V Standard 1

The results show no significant difference between the two
groups. For Test 4 (calculations from equations) however, the
differences are largest, but this difference does not seem to be
maintained in the relevant parts of test 5.

(h) Revised V Standard TT

These results show no significant difference between the two
groups. The larger difference in Test & is again in evidence.

(c) Schools with all groups on Revised V Schools with matched groups

Data was too incomplete for any significant analysis tolbe made.
Summary
(1) Although lack of data prevented a complete matching of schools
so that no significant differences were obtained, there are trends
which suggest the success of the Revised route.
(a) the top mean score in each test and the top average performance
in '0' grade comes from the Ravised group (except test 2 where
top Revised mean = 14.8 - top Standard I mean = 14.9)
(b) Except for one school, the Revised group managed considevably
better at the difficult concepts of the mole and calculations.
Both of the above may of course be due to nothing more than an
inherent difference in ability of the groups. Given that approximately
50-60% of pupils follow at least a part S.G.E. course (based on data of
Stirlingshire schools), they will on average have a V.R.Q. of approx
97—140(20)and although the V.R.Q. data obtained was very scant, it does
show that our sample (V.R.Q. range 95-135 i.e. 110 t 207) does not
differ greatly from this
(2) Schools following the Revised route have not been disadvantaged
because of less time for practice of formula writing etc. They have

performed at least as well, if not better than those taught by the

Standard routes.
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Detailed Analysis of Tegt 5

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 thems The results
which could be identified are tabulated in Appendix page A.4.2%,
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 IIl.and this is shown in Graph 4.0l.

The results were then grouped together in broad topic areas viz.

Group Questions
(1)  Binary formilae 1o
(11) PFormulae including oxyanions L= 8
(111) 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 15
(viii) The mole consept 16 - 19
(ix) Calculations from an equation 20

and are tabulated in Appendix pagel.4.3ls A graph of this grouped

data was drawn for each of the three routes, and this is shown in

Grahp 4e02,
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Test 5 Results

(Grouped Data)
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Digcusgion of Regults

Althoagh the groups did not start their '0' grade course as
. , .
matched groups, the product moment correlations between the results
of test 5 are very high.

All Questions

vT: (Revised vV Standard I)

= 0.92

T, (Revised v Standard II) = 0.83
Grouped Questions

1; (Reviged v Stundard 1) = 0,97

4;(Revised.v Standard II) = 0,92

For many questions the % pass obtained by all three groups was
cry similar, It is therefore, those gquestions where there is large
disagreement that will be of most interest.

(a) Questions 1 = 3. Binarv formulae

(1) CaCl, (2) Ne,0 (3) H,S
Revised ST 86,5 64,69
Standard I 32685 TieT 57 o4y
Standard 1T el 5241 21.8

It is significant that the interpretation of %sulphide" has
once again proved & great problem especially to the Standard II
group, although this does seem to be very school biased, It is
unlikely that pupils would write Na20 from recall, and as the results
of 1 and 2 show cnly a relatively small decline, it is reasonable to
assume that pupils are competent at handling the "mechanical rules".
Tt would seem, therefore, that the problem with "sulphide" is the
inclusion o cxygen.

There is the expected increase in performance in question 1
comnared with Phise I, duc to incresnsed maturity, practice, etc,

* Galculated as on Page A.2.52.
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(b) Quegtions 4 - 8. Formulae with oxyanions

(4) sn(OH), (5) Na,SO, | (6) BaGOy |(7) Fe,(S0,) |(8)NH,NO

4 3 3
Revised LT T% 702 62.8 62,8 538
Standard 1 61,6 6506 66.7 6757 5395

Standard II 48+6 465 6344 49.3 4508

* Depressed so low by the exceptionally low score of 1 school and the
low score of another.

Q4e It could be that the problem here is the same ag that detected
in Phase I, namely leaving out the brackets, or possibly not inter-
preting Sn(II) correctly, although the results of question 7 would
seem to rule this out.

The figures show a remarkable consistency in performance with
"ammonium® 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(III) does not appear to have présented too much
difficulty.

(¢) Question 9, 10. Extrapolations

. ' P

(9) Na,510, (10) K,Cr,0,, (given Cr,05 )
Revised 16.6 68,0
Standard I 13,1 747
Standard II 9.2 5506

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
§tandard I group, performed considerably better in this question.

The evidence would seem to support the idea that slow revelation of

formilae/
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formuilae 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 '0' grade, merits further investigation.

That all groups performed better on question 10 when provided with
the formqiae Cr20§° than on average in questions 4 = &, would seem to
support the inclusion of the formilae of oxyanions in the data book(Zl)
provided at the S.C.E. examinations., Obviously the mechanics of

formilae writing can be mastered to a reasonable level of competency.

(d) Question 11, 12, _Balancing Fguations

(11) (12)
Revised 775 76,0
Standard I 717 76.8
Standard II Ale5 Llrody

A1l 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
queétion 3)s The evidence seems to indicate then that postponing
the bulk of the equation writing and balancing until Class 4 leads
to impfoved 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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(e) Questions 13, 14. MWriting Balanced Eguationg

(13) 28 + 30, —_— 2so3

(14) 3Pb(N03)2 + 28101, —> 3PbCL, + 2.:111(1\103)3

(13) (14)
Revised 2908 3002
Standard I 14e1 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 conteining formulae.
Schools have an 80%+ pass for writing formulae and for balancing
equations, yet only achieve 30-40% pass on these questions.

(£) Quesgtion 15. Calculation of formuls weights
(15) Cay(r0,),

Revised 88,6
Standard I 90,9

Standard II 7342

k11 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 CHBOOOH

(17) How many moles of Cu are needed to make 1 mole of Gu0

Cu +0 —> 20u0

2
(18)  How many moles of NO, are produced by heating 4 mole
of Pb(N03)2

heat

2Pb-(N03)2 —— 2P0 + 40, + 0,

(19) What weight of oxygen is there in 1 mole of Cu(N03)2

(16) an | G | )
Revised 79.1 36-0 4608 8105
Standérd I 8609 29-3 5005 69‘7
Standard II 7809 : 28.9 4—105 6900




4el3
The high pass levels in 16 and 19 confirm the rcsult from
question 15. It seems likely that the vartly 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 m:turity and oractice,

(h) Question 20. Calculation from equation.

What weight of Al would reanct completely with 80g of (uO.

Al + w0 ———> A1203 + Cu
(20)
Revised 2347
Standard I 2462
Standard II 1.8

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 '0' grade.

Sunnni Iy

(1) The basic idea of ‘organic! first can produce good results
for formula writing, talancing equations and the mole concepto,
(2) The major adviutages of this organic first avproach are in:e
(i) writing binary formilae, especially not confusing IDE
with ITE. |
(i1) no necd for balancing equations.until Class 4.
(3) From 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 loct of pupils following the
Revised order have achieved a higher level of consistency in forrulae
writing and calculations than those in the Standurd 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)

'1/5 (test 1 v '0' grade) 0.64
Te (test 2 v 10! grude) 0.42
1, (test 3 v 10! grade) 0.46
T3 (test 4 V 10! grade) .01 (lot of scores missing)
1’9 (test 5 v '0' grade) .80

Although these favourable correlations seemed tc suggest that at
least performance in the tests was related to overall chemical ability
(as measured by the '0!' 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 are tabulated in appendix page A,4.32~A.4.33., Product

moment correlations were calculated giving

‘rw (Total v '0' grade) = 0.68
411 (test 5 v '0F grade) = 0.68
Using the same results .. .. Spearman rank correlations were

“also calculated comparing rank order in each test with that obtained

at '0' grade;
Test 1 V '0! grade 0,37
Test 2 V '0! grade 0657
Test 3 V"O' grade 0.51
Test 4 V '0' grade 0.67
Test 5 V 10! 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 '0' grade examination. It is not surprising that the lowest
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correlation is for binary formulae which demand the lezst conceptual

developnent for mastery.

Pupil Quegstionraire = 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 thems The number of categories of answer
were also reduced to 3 to make evaluation easier for thems The
complete questionnaire is given in appendix page Ac4de34e
Administration

Pupils were asked to complete the questionnaire after they had
sat test 5.

Results

Not every school differentiated between thelr 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
(Sce pages 2.17 and A.2.53) where

Fagy to grasp = 1
Hard to grasp = 2
3

i

Never really grasped

(A topic that was theught by pupils éo be of reasonable difficulty
should have a mean score of l.5). The mean scores were then
multiplied by 25 to give a range of 25 - 75.

A graph wag then drawn ol the results from the three teaching
groups (Graph 4.03.)

The means of the corresponding questions from the questionnaire
in Phase I were multiplied by a factor of ;52 to give them approxi-

mately the same rance 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)

’T'l (Revised VvV Standard I) = 0.94
4’2 (Revised V Standard II) = 0,90
1'3 (Revised V. Phase I) =  0.32
.4’4 (Standard I V Phase I) = 0,80
1’5 (Standard II V Phase I) = 0.81
A (Standard I V Standard II) = 097

Ag 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.4e36.

Graphs were drawn of pupil response v % fail in the grouped data
from test 5. (Graph 4.04) |

Discussion of Results

(a) pupil responses

As can be seen from the graph, the responses from the 3 groups

are very congistent, The pattern that cmerges is
Revised group < Standard II  OR Standard I
(With II ¢ I on the Application level Questions)

These differences, however, could well be due to a basic
difference in performance of the groups as seen in tests 1 - 5.
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 arrungement

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 "covalent" avproach

and the lack of praciice witnh lons and ionic formulae.
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(iii) Questions 5 & 7., = Binary formulae and Icnic formulae

The Revised group thought that formulae of the type Na2CO3
more difficult to learn than those of the type NaCl, Both Standard
groups thought the reverse. 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) Pupil responses V performance in Test 5.

(i) A1l pupils over estimated the difficulty of these topics.

(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 formlae.

(1ii) 411 Pupils underestimated the difficulty of calculations from
equations.

(iv) A4s was discovered in Phase I, calculating formula weights
presented far less difficulty than anyone estimated.

(v) ©Pupils at the end of Class / 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) From 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 4, =T%nr exam hurdles
over estimated a difficulty, while pupils in Class 3 underestimated
difficulty (see Graph 2.02 page 2,172) is perhaps significant. Yet

pupils still underestimate the difficulty of calculations from equations.



4,18

(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 bloc' revelation when pupils follow the

'organic first' teaching order?
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List of schools who took part in the evaluation of the reviged

teaching order,

School No,
1

O e 2 W\

10

11

12

E

15
16

Description of the School

6 year selective in Central Scotland
6 year selective in a developing industrial area
6 year comprehensive in Glasgow overspill area

6 year Roman Catholic comprehensive in Central
Scotland

6 year comprehensive in a large city.

6 year comprehensive in a rural area.

6 year comprehensive on the East Coast.
Developing 6 year comprehensive in a New Town,

6 year Roman Catholic comprehensive in the West
of Scotland.

6 year comprehensive in a large town with an

average intake,
6 year comprehensive in the North,
6 year comprehensive in an Island community.

6 year comprehensive in the suburbs of a large
town in West Scotland.

6 year comprehensive in a large town in West Scotland.

New, developing, 6 year comprehensive in a large city.
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University of Glasgow
Research in Chemical Education
In question 1 and 2 tick the correct answer (or anéwers)

l. Atoms of the same element always have the same number of

A, Protons

B. Neutrons

Cs Electrons

2. Amatom of °° Fe has

26 _
Tick
Protons Neutrons Electrons 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. Whiceh kind of bond
{
A = Electrovalent B = Covalent

would you expect between the following pairs of atoms

(1) S, S
(11) X, Br
(1ii) Ca, O

Le Which elements are present in the following compounds
(i) Hydrogen Sulphide 800600000000006000060000

(ii) Aluminium Bromide 200800000800000600000008
(iii) Magnesiwn Nitride 00089 000000060600000080006
(iV) Sodium Hydride 0066080000000 000000C00 00

5. Write the formulae for the following compounds

(1) Potassium Bromide seo0ssesscscessasessess
(i1) Hydrogen Sulphide esecs0sesscoscossasasse
(1i1) Carbon chloride ceosac0oncssseesssssane
(iv) Aluminium Oxide seeescecscencssasoeanoe

(V) Nit‘rogen Hydride 0600600000000000009 0000
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6o A pupil wrote the following formulae in his book. Put a
cross against those you think he got wrong
(1) HO, (11) HN (111i) MgCl  (iv) P30, (v) HI

Now write the correct formulae for 2 of the ones he got wrong.

A‘ 9000008 000000006060

B. De000Q800000CCOROED



Test 1
Question

1

A.4.04

An easy starter, but testing understanding of atomic
structure

Typing error made responses C & D the same. This was
picked up by teachers and the papers changed accordingly.
Polar - covalent bonding was left out deliberately to
avoid confusion in those schools where this was not taught.
This was included because of the poor performance on a
similar question in Phase I,

These are relatively straight forward and involve no
cancellations e.g. 0204' -——;> 002,

This tests understanding of formula format.
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Tegt 2,

Research in Chemical Lducation

Answer all the questions in the space provided
l. 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 PO 3

Sulphate

Carbonate

Nitrate

Hydroxide

Ammonium Nitrogen, Hydrogen

2o Write the formulae for the following compounds in the spaces

provided.

(a) Sodium Nitrate ©00000000000008800080000800680
(b) Magnesium Sulphate ec0008000008000000000000800000
(¢) Aluminium Hydroxide 60000s00006000808000600080000
(d) Calcium Phosphate 6000600005600060600000000088800
(¢) Ammonium Carbonate 400000008086000006000000880000
(f) Sulphuric acid €902000080008s0s08e00s0sss 80

3. 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.

() Nitric acid H'2N04

(b) Iron Sulphide FeS

(¢) Lithium Phosphate Li PO L

(d) Potassium Carbonate P3CO2

(e) Calecium Hydroxide CaOH,

Now write the correct formula for 2 of those that you think he got wrong

.
(i) ©606008068000000080060060060 (ll) 8000000006006 000060600000
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4o 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:-
(3.) Sodium Silicate 600000000000 0080

(b) Sodium Selenate s60esc0ecseesse
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Test 2
Question
1 Phosphate was chosen as the example because many schools
do not include this ion. The elements present in
lammonium' were also given as there was no way for pupils
to reason this out.
2 The formulae all use the common anions as in question 1,
No extrapolation is required.
3 This again tests understanding of formulae format e.g.

CaOH,, knowledge of symbols and Tcancellation!(e.g. FeS)
L The more able pupils should be able to extrapolate.
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lest 3
University of Glasgow
Regearch in Chemical Education

Answer all the questions in the spaces provided. Use the following
list of approximate atomic weights where necessary.

H=1 (¢=12 N=14 0= 16 Na = 23
Al =27 8=32 Cl=235,5 TFe=56

1. Write the formulae for

(a) sodium sulphide ceessecosovasssasss
(b)  sodium sulphate pooesenosssoecasano
(¢) TIron(III) carbonate eco6o000800000acssee
(d) ammonium nitrate cosecsoosscscesesas

2. Calculate the formula weights for the following showing your

working
:(a) NaCl ©60000660000000006000660060600000000000
(b) A1203 0C00B0000COODOHNO000ONDEOO00GO0000GO0OS
(C) FeSO, 68 000D00060000600600000000606060000000¢
4

NH O OC00000ﬂ0000.0’QBQ'..0.0.Q.'Q0.0.‘
(@ ()80,
(e) NazGOBIOHZO Q0000060 O000C0000B8O0OO0O0COO0OO0O0DONOOOODOOO

3,  When hydrogen and oxygen are sparked together, water (H,0) 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 tlck opposite the correct answer.

(a). 160 o
(b) 95 g
(e) 90 g.
(a) 18 g.

Le What is the welght of 1 mole of glucose (GgH,04)?7 eoecsoscesss
5 What is the approximate weight of 1 mole of protons?esscesssesocs

6. One mole of Ca612 contains

(&) 1/3 mole of Ca** sons and 2/3 mole of C1~ ions

(b) 1 mole of Ga2+ ions and 1 mole of 012_ ions
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(¢) & mole of ca=" ions and % mole 012- ions.

(d) 1 mole of 0a2+ ions and 2 moles C1~ ions

(Place a tick against the correct answer,)

7. What is the maximum number of moles of chlorine molecules
that theoretically could be obtained from 36.5 g. of hydrogen
chloride?

[ AR E R RN NENNERNNNESRZS]



Test 3.

Question

1

Aolytlot

Revision of formulae. Testing distinction between

IDE and ITE - a problem highlighted in Phase I.

These become progressively harder, testing understanding
of formilae of increasing complexity.

A difficult question to test understanding of combination
in fixed proportions,

A straight forward question on the relationship between
formula weight and the mole.

As for question 4, but more difficult.

Results of objective tests given by the author in

schools (1) and (3), had shown that the interpretation
of formulae into moles of ions present was a problem,

A fairly difficult question on the mole concept involving
a further step to consider Chlorine mblecules, thus

bringing in fractions.
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Test 4.
University of Glasgow
Research in Chemical Fducation
You may need to use the following atomic weights.
H=1 N =14 C =12 = 16,
Asnwer all the questions in the spaces provided.

1. Rewrite the following word equations using correct symbols
and formilae. There is no need to balance the equations
in thig gquestion. -

(a) sodium + water =2 sodium hydroxide + hydrogen
(b) Iron(II) sulphide + nitric acid —> Iron(II) nitrate + hydrogen sulphide

2. Balance the following equations
(a) Ca(OH), + HC1 -> CaCl, + Hy0

(b) A+ 02 - A123

(c) AL+ CuSO, -> 1!1:1.2(304)3 + Cu
. ~_heat

(a) Pb(NO3)2 -—==%2> PbHO + No, + O,

3« Write balanced equations for the following reactions:

(a) Zine on hydrochloric acid to give hydrogen
B Oe0OO0O0CEB0O000000000000C0800800CG6CE2CCOSICTOISIIANDE

(b) Hydrochloric acid on calcium carbonate to give carbon dioxide

00000060 008000800 0000C8Q0800080000006060600006000CSFCRIOIARNOOOINOCONOBOODDS

4e  How many moles of oxygen will be used up when 2 moles of
ethane (02H6) is completely burnt?

Czﬂé + 0

) — 002 + HZO

Tick the correct answer

ol o wl =
-1} o w»} o~
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5. A pupil was calculating the weight of hydrogen needed to react
completely with 84 g. of Nitrogen gas to form ammonia and he
made a number of mistakes .

Rewrite the equation and the calculation underneath, correcting
all his mistakes.

Pupill's versgion:-

AN+ L4H, - 21\11114

Therefore 2 moles of Nitrogen reacts with 8 moles of Hydrogen

Therefore 14 g. of Nitrogen reacts with 8 g. of Hydrogen

Therefore 84 g. of Nitrogen reacts with 14 x 8 g. of Hydrogen
84

= 10 g, Hydrogen

Corrected vergions=—

¢ )y * ) —> )
Therefore ( ) moles of Nitrogen reacts with ( ) moles of Hydrogen
Therefore { )g. of Nitrogen reacts with ( )g. of Hydrogen
Therefore 84g. of Nitrogen reacts with go of Hydrogen

1t
~

) g. of Hydrogen
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l. Phase I hadf 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.
4o  Pupils had shown in Phase I a lack of understanding of when to
balance equations. Two moles of ethane were chosen to eliminate
fractions.,
5. This question provided the pupil with a backbone to work on
for the difficult task of proportion and it tests

(1) formula writing

(11) balancing equations

(iiis formuila weights

(iv) mole concept - moles from equations

(v) proportion.
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Test 5 Research in Chemical Education
You may need to use the following atomic weights
H=1 C =12 N =14 0=16
Al = 27 P=231 Ca = 40 Cu = 64

Answer all the questions in the spaces provided

(A) Write correct formulae for the following:-
(1) calcium chloride tecscscosesesssasos
(2) sodium oxide R xx
(3) hydrogen Sulphide ceceocscescosnceseee
(4) tin (II) hYdrOXide sesec00scc000000000
(5) sodium SU.lphate 60ooneccsocecssesscso
(6) barium carbonate ee0cs0s00000000000e
(7) iron (III) SUlpha«te TR Innnmmmmm
(8) ammonium nitrate 00000000000 0000000
(9) Inagnesium silicate e0e8000000000008000e
(lO) pOtaSSium dichromate socecoccccossscssace

(the dichromate ion is Cr2072")

(B) Balance the following equations:-
(11) 131 + HéO -2 LiOH + Hé
(12) Mg + M2(804)3 S MgSO, + Al

(C) Write a balanced equation for each of the following chemical
reactionss=
(13) Meking 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 CaB(POA)Z ?
A B c_____ D
215 248 279 310

(16) What is the weight of 2 moles of CH,CO0H 2

A

B

¢

D

R40g

120g

60g

Lhg
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(1’7) Hoxg many moles of Cu are needed to make 1 mole of Cul0 *?

C‘u-‘ﬂ“O2 —>» 2 Gu0

=

B c
% 1 2

lo

B

(18) How many moles of NO, are produced by heating %+ mole
of Pb(N03)2 ?
hea
2Pb(10,),, heal, oppo + 450, + 0,

to
(@}

D
1

A
5

.
o=

(19) What weight of oxygen is there in 1 mole of (}u.(l\IOB)2 ?

A B ¢c D
%6g 48g R4 1l6g

(201) What weight of Al would react completely with 80g of CuO ?

Al + w0 ——> A1203 + Cu

A B C

18g _7g 36g 548

o
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Formula Writing
A, 1 -3 Straightforward binary formilae,

4 tests understanding of the meaning of (II) ete.

in formulae ,
5 = 8 Formulse with oxyanions,
9 An extrapolation,

10 As the formlae for oxyanions were to be provided at
S.C.E. exams in 1973(21), this was included to see whether
pupils could make correct use of this information,

Balancing Fauationg

B. 11 Used to test the idea of doubling to remove fractions.

12 a 3 s 2 ratio - usually more difficult,

Ce 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 Welghts and the mole

D. 15 A straightforward question to test basic understanding,

16 This question moves one stage further than 15 and tests
understanding of the 'molef,

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
K. Urqubart in her work at'Glasgow(l7)).

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

difficult, but in which the arithmetic is as simple as
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possible, Failure should be due to a lack of under-

standing ofs=-

(1) proportion

(11) the mole concept.
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Marking Brief Test 1,

(A1l answers either right or wrong, no partial marks).

1. A and C 2
2, D, 1
3. (i) B (i) A (iii) & 3

Lo (i) Hydrogen ;  Sulphur;
(1i) Aluminium ; Bromines
(iii) Magnesium § Nitrogen;

(iy) Sodium ; Hydrogen; (4 x1) 4
5 .(it) KBr
(11) HS
(111) GCl&
(iv) A1203
(v)  NH, (5 x 1) 5

(Accept a correct equivalent if you use a different format.
Do not insist on charges on the ions.)

6. (1); (iii); (iv); A | 3

Give 1 mark for each correct answer and subtract 1 mark for
each incorrect answer - minimum mark zero.

Hy0; Mgllys  Po0, (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

(A1l answers either right cr wrong, no partial marks.)

l. Sulphur, Oxygen (3) SO, (3) 2 (%)
Carbon, Oxygen (%) C0, 3 2 (3
Nitrogen, Oxygen (%) v, () 1 @)
Oxygen, Hydrogen (3) OH (3) 1 (%)

N, (3) 1 () (L4x%) 7

(Do not insist on charges on the ion, the correct proportions
are sufficient,)

2, (a) NaNo3

(b) MgSO,

(e) Al(OH)3

(d) Cay(PO,),

(e) (WH,),c0

(£) H,80, (6 x 1) 6

(Accept a correct equivalent if you use a different format.
Do not insist on charges on the ions.)

3.  ag ds e3 (3x1) 3

Any 2 from HNO,;  K,00,;  Ca(0H), 2
 (Akecept a correct equivalent)
be (a) Ne., SlO % Na. SeO 2

(Accept a correct equivalent)

TOTAL 20



AolaR0

Marking Brief Test 3

1. Na.S
(a) a,

(v) Ne.,SO 4
(e) FeZ(COB)3
(a) NH4N03 (4 x 1) L

Accept equivalent formulae but do not insist on correct ion
charges,only on correct proportions.

2, () 23 + 35.5 = 58.5
(b) (2 x 27)+(3 X 16) = 102
(c) 56 + 32 +(4 x 16) = 152
(@) 224 + 4) + 32 +(4 x 16) = 132
(e) (2 x 23)+ 12 +(3 X 16).;.(10_3; 18) = 286
(5 x 2) 10

r

Give 2 marks for a correct answer and 1 mark if the
answer is wrong but the working is correct (i.e. there has
only been an arithmetical error.)

3. © 1

be 180 g, 2

Score 1 if units wrong.
Score 1 if error is purely arithmetical
(working will need to be evident).

Units essential.
6o D 1
7. % 1

TOTAL . R0
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Marking Brief Tegt A
le (a) Na + H,0 —* NaOH + H,

2e

3e

Lo
5e

(b) Fegs+ HN03-9 Fe(NOB)2 + HS

Do not insist on charges on ions. Accept correct
alternative formulae,

right or wrong (8x%) A
(a) Ca(OH)2 + Z2HCL - Ca.C:L2 + ZHZO

(b) 441 + 30, —» 241,0,

OR

281 + 130, —=» AL0O

P 273

(e) 281+ 30us0, ~> AL,(S0)); + 30u

(d) 2pb(No,), -228%» 2pno + 4H0, + O
372 2 2
right or wrong (4 x1) VA
(2) Zn + 2HCL —» ZnCl, + K,
(v) GaCO3 + 2HCL —» (CaCl, + CO, + H,0
1 mark for correct formuale - right or wrong

1 mark for correct proportions - right or wrong

(2 x 2) b
D. 2
Ny 3H, —> 2N 2 marks
(1 mark if gets correct formulae)
Therefore 1 mole N2 -=» 3 moles H2 1 mark
L 28 e N2 e3P 6 e H2 l ma-rk
" 8, go N ==>6x84g.H2
2 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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Maxrking Brief Test 5
A, (1) call,
(2)  May0
(3) HsS (Accept other correct methods)
(4)  sn(om),
(5) Nazso4
(6) BaCO,
(7)  Fey(80,)4
(8)  NH,No,
(9)  Mgsio,
(10)  KyOry0, (20 x 1) 10
B, (11) 2Li + 2H,0 —> 2LiOH + H, 1
(12) 3Mg + M2(604)3 —> 3MgSO, + 241 1
C. (13) 28+30, — 280, il
(14) 3Pb(NO;), + 2K1C1, —> 3 PbOL, + 2A1(NO,), 1
D. (15) D. ‘ 1
(16) B. 1
(17) ¢ 1
(18) G. 1
(19) 4. 1
(20) A, 1
TOTAL 20

Mark each question as right or wronge.
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Marks Return Sheet

University of Glasgow
Research in Chemical Education

Schools
Test Numbers

Teaching Order (Revised/Standard)

Number of
Pupils Mark
" o -4
5 =9
10 - 1
> 15

Total NQo of pupils ececeoce00
Median: 00006060000 000000¢C

Mean: 6000000000000 00CHES

Signed: oooooooovo-oooeooooooo
(Principal Teacher)
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MARK RETURN SHEET

Number of

Number
correct responses

Wl I lovjwm > | W

10

12
13
14
15
16
17
18

19
20

Scho0l ¢ acoscccocescacscecsscesscessonccooncescessosos
Signed 2 ©000006000000000000000600000

Date 3 ©00000000006006000000000¢@
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V.R.Qo Data
i .
Revised Standard (I) Standard (II)
mean 110.,8 110.4 115,.1
s 7.6 9.5 8.6
n 340 67 18
No. of Schools 6 2 1
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Revised Group  Results Tests 1 - 5

| Test| SRCBOLl 31 ol 3] 7| 8| 9| 10| 12| 13| 14] 15| 16|Totea

Score
1 O/, 31 0 1| 2 3 11 ol 8 of 1| =0
5=9 43 6| 10 17| 1] ol 36 3] 7] €
10-14 271 9 21| 13 187 10| 4] 43} 12 9l 172
¥ 15 931 270 47| 59| 13| 11| 7| 4l 11| 30 47 2| 351
~ 127 391 51| 87| 38| 16| 45| 16| 15| 117] 62| 19| 632
-y 16.0]15.8{17.3 {156 [12.2 [15.5 [1064[12.6]16.2|1103| 16,3 (10,3143
o 367] 306] 206| 308 500 | hol| Aol 4oR| 2.7| 4e8| 3.2 4,.0 o6
2 02, 0 il ol 4 ol o s 2| 12
5-9 15 9| 15| 14 70 5| 4 12| 121
10-14 39 11| 18| 10 70 71 39] 136
%15 69 33| 331 4 2] 4 22 189
| 123 5, 86| 32 16| 16] 110 18| 458
w1408 14.6|14.8] 9.3 10,6{11.9| 10,7 8,2(12.9
o 4s0 Lo | 4o3 | heb 3.8| LoR| 4o5 Lo3| 4.8
3 04, 3 3 2 0 7 2| 17
5-9 5 3 7 1 20 8| 54
10-14 37 251 27| 18 40 12 51 2| 186
> 15 78 RL| 4| 5 1l 2| =23 2| 179
~ 123 55| 80| 32 161 150 101 14| 436
v [1564 1308|147 [11.2 12,1112,5}11.7 8.6/13,5
- 3.9 hel| 3491 4e5 200 2.6| 4o5 4o bl
A O’ 18 3 7] 2 7 37
5~9 40 141 30 4 7 95
10=14 54 21 271 9 1 112
¥ 15 121 151 4| 4 0 45
w 124 531 78| 19 15 289
Ao 9.5 11,8 (10,3 [11.2 5,0 10,0
B Lo8| 4a7| 49 3.2 48
5 O’ 31 21 2| 2| 3 71 0 9 o| =28
5=9 20 7| 7| 0| 9 141 0 4R 5| 114
10-1/ 341 15| 10| 37| 7 5[ 8 27 4 147
v 15 49 71 32| 21 1 2 4 11 5| 132
L ~ms | 106| 31{ 51| 70| 20 28| 12 89 14| 421
v [13.5 (11,6147 [12.8] 8.5 74, 14,40 A 12.4]11.9
o boT| 4ob] 4o8 4ol| Aol lob | 3.0 bol, | 4.8] 5.0
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Standard Groups Results Tests 1 = 5

STANDARD I STANDARD IT
Test School . |
Scors 21 81111 13 | 16 |Totar 4 51 10! 12 Total
1 Ol of of 1l of =2 38 120 8] il 3| 24
5=9 1 1] 18l 30 4] 27f 35| 271 2| 10| 74
10-14, 51 141 341 71 121 72l 20] 231 8| 3| 54
Yy, 15 330 21 361 8] 2| osf 3| 14| 2| o =28
~ a7t 360 sof 18| 20| 200§ 70| 72| 22| 16| 180
e 11609115.4]13.3 113812006 | 14010 8.0110.2114.2] 7.0l 9.5
o 2061 3531 4e3| 4eR| 4e2| o3[ 4eO| 4oD| 4o6] 302| 4e8
2 O/, 1 2 1 5 1 o) 361 13 o 49
5=9 3 4123 8 5 i34 291 31 19K 79
10-14 12 18] 31] 3| 11)] 7il sl 29 e
> 15 220 11l 31l 2] o] 6] ol 10 o 10
Y 270 351 86l 18l 17| 193] 70| 19| 172
o 14.9112.7]12.7] 7271 8.2 | 12,4) 4a8] 9.3 5,8 7.2
o ho3 ) 45| 4e5] 5el| 2.8 4e8] 2.1 4o7 1.3| 4ok
3 O=4 of 1t 3| 1] 3 gl 8| 10 o 18
509 1l 6] 17| 3] 12] 390 15| 24 9 48
10-14, 1 19 341 9| 4| &l 23] 4 0] 74
> 15 20f 7| 34] 4| ol 65} 15| 7 o 22
v 361 331 88| 17| 19| 193] 61 & 19| 162
Py 1502 [12,1113.0 (11,9 | 7.3 | 12,6[[11.0( 9.8 906 10,2
o 303 | 4oOf 4ob| 4e5 | 3el| Lob| 562 4o3 2,6| 4o5
A Oml 41 201 18 32 171 49 ol 66
59 21 161 26 63 31| 25 14 70
10-14 1] 6l 2 B 13| 12 il 26
15 2! 1l 8 1 o 1 I
" 3g] 3% 78 149 61| &7 150 163
- 805 47| 86 842) 647 | 5.0 73| 5.8
o 308 4oO| 4o9 L5l 345 | 3.9 1.3] 3.7
5 3 ol o & 2| 1of 5| 25] 3] of 33
5=9 51 51 14 28 19| 23| 6| 1] 49
10=1/, 171 17| 36 10| 8o 28| 241 51 7 64
¥ 15 131 7] 12 ol 32f 4! 4 1i 1| 20
M 35| 29( 70 16 | 150f 661 76| 15| 9| 166
. 1345 112.6 10,9 9.5 [11.7]11.1 | 7.5 | 8.4112.1] 9,2
o 3.9t 3061 47| 307 | bkl hoT{ hoT( 4o 2:8] 49

¥ Tndiwidual Scores Cbtained,
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Detailed Analysis of Test 5.

No., of corrsct responses ner school

School REVISED STANDARD I STANDARD II
Quest. 1j 31 7] 8l14jtotal| % | 8{11|Tota1] # | 4| 5|7ctar]
1 85 47164 |13 167 276 |84.9)18|64] &2 |82.8]57{43] 100 |70.4
2 8. 115166 [16170] 281 |e6usl26] 28] 74 |72.736(38) 74 |52.1
3 73 {38157 11132 211 [64.9016{21| 37 |37.4124] 7| 31 |2i.8
b 531320471 61161 155 | 47.7011]150] 61 |61.6033{36] 69 |48.6
5 71139157113148 228 |70.2 21 L] 65 65613531 €6 |46.5
6 65136153 1111391 204 {62.8118[ 481 66 |66.7|155135] 90 [63.4
7 6838152 9137 204 |6R.8||16] 5L} 67 167.7|37133] 70 4943
8 59136 1441 71291 175 15368111421 53 [53.5140|25] 65 }45.8
9 9li5122| 41 41 54 [16.6| 40 o) 13 l2z.111) 21 13 | 9.2
10 64143 156 | slzso] 221 [68.016|58| 74 |74.736]431 79 [55.6
1 T4 148167 [10 {53 | 262 |77,5|19{52 | 71 [71.7[33126] 59 141.5
12 T LA 164110150 ) 247 [76.0l26)50 1 76 {76.8I371261 63 (4dod
13 28120128 | 21191 97 [29.8| 6| 8| 14 |14.1 91 3] 12 | 8.5
1, 391251240 1] 91 98 [30.2)11[11] 22 |22.2|j18] 9] 27 [19.0
15 85 149167 |15 |72 | 288 [88,6/[29{61| 90 [90.9l57 47| 104 |73.2
16 78142158 |13 166 | 257 |79.1|28{58| 86 86,9]53(59| 112 |78.9
17 381221261 21291 117 |36.0[10019] 29 {29,327 (14| 41 28,9
18 5029131 ) 8134 | 152 4668119131 | 50 [50.5[134(25] 59 [41.5
19 78 148158 116 |€5 | 265 [81.5]|19{501 69 [69.7149149| 98 |69.0
20 o7 helel 22| 77 |23.7li2|2] 24 |2s.2ln7| 2] 21 |48
Total No,
of Pupils |95 [51{70 20189 | 325 129 79{, 99 ’66 761 142

# Results of 10 Pupils

not included in the analysise.
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Detailed Analysis of Test A,
% Correct Responses

School Revised Standard I |Standard II
Question G| Lo Leo el eé | @l @9 | @)
1 8945 | 9202 | 91as 165.0 |75.3] 8644 | 5646] 62.1 | 91.4

2 8804 | 8302 | 94e3 [80.0 | 78.7] 54.5 | 50.0] 89,7 | 68.6

3 7608 | 74o5 | 810k 5500 [36.0) 3644 9.2] 55.2 ) 30,0

b 5508 | 6407 §67.1 130.0 {18.0{ 50,0 | 4704) 37.9 | 71e4

5 The | 7665 18104 [65.0 [53.9] 53.0] 40.8] 72,4 | 62.9

6 6804 1 70,6 7507 15500 {43,881 83,31 46.1] 62,1 | 68,6

7 71eC | Tho5 | ThoB3 14560 L4166 5601 | A3ak] 5502 | 729

8 62,1 § 70,6 [62.9 35,0 [32,6] 60,6 | 32,9} 37.9 | 60,0

9 9a5 | 2904 |310h [2000 | 4e5 | 16.7 | 2.6 | 13,8 | 12,9

10 Todo | 8Lo3 | 80,0 140.0 [5662 | 5445 | 56.6] 55.2 | 82,9

11 79 | 94ol [95.7 {5000 [59:6 | 5060 | 3462] 65.5 | 74e3

12 8101 { 90,2 |Glod [5060 {5602 | 56,1 | 3402 8'9“;7 7104

13 2905 | 39,2 140.0 110,00 {21.3 1 13.6 | 3.9| 20.7 | 11.4

14 4Ll 1 490 13403 | 500 11001 | 2703 | 11.8| 37.9 | 15.7

15 9Rod | 960l [9567 |75.0 1809 | 860l | 61.8]100,0 | 87,1

16 8201 § 8244 [8R.9 6500 7402 | 8063 | 77.6( 96.6 | 82,9

17 4060 | 43eL [37.1 {10.0 [32.6 | 4049 | 18.4| 34o5 | 27,1

18 52,6 | 5609 |44e3 |40.0 13842 | 5145 | 32.9] 6545 | 443
19 82,11 O4ol |82.9 [8060 [7340 |74eR | 64e5) 65.5 | T1lod

20 28041 35¢3 [25.7 10,0 [13.5 [R5.8| 5.3] Al.4 | 17.1




Detailed analysis of Test 5.

% correct responses - questions in groups.

A.Le31

Group |Question | Revised | Standard I | Standard II
(1) 1-3 78,8 65,0 481
(11) | 4 -8 5905 63,0 5047
(1ii) 9 16,6 13.1 9,2
(iv) | 10 68,0 747 5546
(v) {11 - 12 7648 743 4340
(vi) |13 - 14 30,0 18,2 13.8
(vit) | 15 88,6 90,9 7302
(viii){16 - 19 6049 59.1 54,06
(ix) 20 2367 RloR 14.8
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Test Results for Schooi 3.

Pupil | 1 2 3 4 5 §°:“'a:5L 101
1 20 18 17 19 17 91 7
2 19 7 3 3 6 38 9
3 16 16 12 12 17 73 5
4 19 20 16 19 19 93 1
5 20 19 17 19 15 90 6
6 20 18 16 11 16 g1 2
7 20 18 15 19 17 91 5
8 20 9 16 19 17 91 2
9 20 19 16 14 17 86 9

10 19 19 17 1/, 14 83 6
11 18 12 10 6 9 55 9
12 20 8 12 7 10 57 7
13 12 16 7 g 1, 57 9
1/, 18 18 16 13 17 82 5
15 17 18 14 1, 17 81 A
16 20 13 9 6 11 59 5
17 19 18 15 12 18 82 7
18 20 10 13 13 17 73 7
19 4 9 13 6 10 /2 8
20 20 19 17 19 16 91 A
21 18 20 16 19 17 9 5
22 1/, 7 A 3 4 32 12
23 20 16 12 20 19 87 3
24, 20 18 16 19 16 89 3
25 16 18 14 13 13 74 12
26 18 6 12 10 7 53 11
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Test Results for School 3 contd,

Pupil | 1 2 3 4 5 | 1% | o
27 | 20 17 14 10 18 79 9
28 | 15 12 13 5 9 5 13
29 | 16 13 13 12 1 68 4
30 |19 18 14 11 15 77 9
31 18 16 11 7 13 65 9
32 | 20 20 16 15 18 89 3
33 | 20 20 19 19 19 97 1
34 | w 19 13 12 19 80 4
35 | 18 12 13 5 8 56 9
36 | 19 15 11 11 15 71 7
37 19 9 l‘iﬁ 10 15 68 6
38 | 15 19 15 18 15 82 3
39 19 12 15 6 8 60 8
o | 17 17 17 17 16 84 6
2| 19 9 17 15 15 75 5
2 | 18 16 11 8 12 65 8
i3 | 19 17 17 7 13 73 5
Mo | 18 16 16 18 19 87 6
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Pupil Questionnaire = Phage IT

Research in Chemical Education

Now that you have finighed your '0! grade course in Chemistry,

we would be grateful if you would read each of the following topics

and tick the appropriate column.

solutions

Easy to | Hard to §SZ§§Y
No, Topic grasp gragp erasped
1 | Structure of the atom
2 | Arrangement of electrons
3 | Formation of icus
4 | Ildea of valency
(combining power)
5 | Writing formulae like
C C14§ 802 5 5,0
6 | Formulae of icns like sulphate,
nitrate
7 | Writing formulaze like "sodium
sulphate"
8 | Caleulating formuila weights
9 | Caleculations involving the "MOLE"
10 | Balancing equations
11 | Calculations from equations
12 | Idea of "MOLAR™ solutions
13 | Calculations involving ‘molar’
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A, 436

Results of Questionnaire matched with Test 5 Results

Quest. Revised Standard I Standard II1

No Quest. | Test 5 | Quest. | Test 5 | Questo | Test 5
5 (1) A 19.8 4547 3647 £9el 5149
7 (i1) 4542 3945 bdvo3 32.8 YA 4943
8 (vii) | 43.1 945 i7.1 12.9 5341 26.8
9(viii) | 65.2 3864 71.8 4346 7548 4501,
10 (v) 50,7 220/, 57,1 27.2 60.8 57,40
11 (ix) | 63.0 7504 71,8 82.9 70,8 85,2

i) For comparisons schools were chosed that had results from both
Test 5 and the questionnaire,
Revised:s = 1, 3, 7, 1lhe
Standard Is= 11,
Standard II:= 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
ho4o34)
(i), (i1) 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 Fxtant in 1974.

lo  In July 1971, the National Curriculum Development Centre

for Mathematics and Science published Memorandum No.3 (18)

which
revised the official position as regards formulae and equations.
This document, produced by a joint committee of the Scottish
Certificate of Education Examination Board, followed, ih general,
the same line of argument as has been proposed in this study.
e.go (1) ™.. the reason for writing a formula for such a compound
(ealcium 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 indicéte
its structure. Hence calcium chloride, CaCl2 is to be
preferred soooo®
(11) +e.it is strongly recommended that ionic charges should
not be written in the formulae of such compounds (NaCl,
G?Clz)o
(111) hCaCQ3=€> Ca0 + €O, 1is all that would normally be
required rather than Ca2+CO§“ —> Ga.2+02'= + 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 + cu%;q) 3 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 purpcse.®

For organic formulae however, it does not go far enough, The

recommendation is for "extended molecular formulae" e.ge 02H OH,

5
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(6)

When trying to use stage 2 thought processes as far as possible,
the more logical czoneclusion would be to write

CHSCHZOH and not 02H50H
Ag indicated in Chapter 3, this condensation process is best

developed very slowly i.e.

first Hea

m;?-m
Q=
§

(@}
==

gecondly GHjCHéOH

thirdly GZHSOH = 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 1{p.l.J0)asbeing advocated by some Principal Teachers is
laid Quietly to rests 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 cnes. This will possibly mean that some teachers will
still always insist on the most complex to stop pupils using
tcovalent? type formulae where "ionic" were essential.
2+ The inclusion of formulae for oxyanions in the data book issued

at S.C.E.E:B. Examinations in and after 1973(21 )

also was a major
step in alleviating the problem of recall as revealed in Phase I
(Chapter 2 pe2.,12 ).

3¢ The work of I. M. Duncan (22) had shown clearly the difficulties

experienced by pupils when dealing with calculations involving the

mole, especially those other than 1 : 1 relationships.
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Pupils found the concept of concentration in terms of Molar solutions
especially difficult and volumetric calculations proved very trouble-
gsome. His work does seem to support the belief that the concepts
involved are best taught in Class 4, 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 Tests
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 Class
4y leads to increased understanding.
4e Publication in 1972(23) 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 write formulae mainly by applying learned rules
to arrive at the answer without understanding the concepts behind these
rules. Some may commit common formulae to memory.

(2) The teaching of formulae and equations using a full ionic
approach lends to very poor pupil understunding,  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 chexical
equations and do not anpreciate when balancing is recessary.

(4) It is possible to postpone the teaching of icnic formulae,
equations, caleulaticns until Class 4 dealing with the "orgznic' in
Class 3 and still vresent pupils for examination at '0O!' grade with

at least as much chance of success as following the traditional order.
(5) Teaching formulae and eguations from a covalent point of view
seems to increase understanding, leading to improvéd performance in
calculations involving formulae and equations.

(6) There is some evidence to suggest that leaving the concentually
more difficult material (mole, calculations etc.) till Class 4 gives
improved performance on these topics, wiile 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 icnic approach. _
(8)  The preseny '0' grade syllabus (2) contains too much conceptual
material at too early a stage for a course that is to serve the top

L0% = 50% of the population,
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Suggestions For Further Work
1. The work of this study and that of I. M. Duncan(zz) and
Miss K. D. Urquhart (17) has shown that mathematical problems are
often at the heart of failure in certain topiecs 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
affecteds Bearing in mind that '0' grade Chemistry is not directly
gimed 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,

(24) to set up in August 1974 in

until Class 5. It is proposed
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 '0! grade in 1976,

2. As this study has found the ‘0! grade syllabus to contain too
much conceptual material for years 3 and 4 (as did Curficulum Papers
No.7 (9) for years 1 and 2;)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,. eego Observing, comparing, classifying,
(see page 1,06 of this study).

3. These lower corder skills are to a large extent dependent on

carrying out practical expefiments. 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,
4s  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 5 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 5 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 "any subject can be taught
effectively in some intellectually honeét fashion to any child at
any stage of development®, can be applied to the study of Chemistry.
In effect an investigation to find:=
(1) the best level of treatment of these conceptually difficult topics.
(11)  the correct sequence for teaching by this method of diminishing

deception,
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