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GLOSSARY

'0' grade Examination

This is the ordinary grade examination in Chemistry set by the Scottish
Certificate of Kducation Examination Board (S.C.E.E.B.), and taken

normally by pupils in the fourth year of their secondary course at school.

S1, S2, 83 etc.

This indicates the year of study in secondary school. In Scottish
schools the majority of pupils commence the S1 stage at 12 years of age.

The '0' grade examination is normally taken towards the end of S4.

.

A’ B1L_B2’ ® o 00 c1’ L )
A denotes Section A of the Chemistry Syllabus
By " " B " n " " » Subsection 1

etc.

A1L1; A14L24.L esoe G1L1j esse Ar1,1; XK T5!1.L XXX 08,1; «ecse

A denotes Algebra; G -~ Geometry; Ar - Arithmetic; T - Trigonometry;
and C - Calculus as sections in the Mathematics Syllabus

1,1 denotes Book 1, Chapter 1 of Modern Mathematics Series of text-books
1,2 denotes Book 1, Chapter 2

2,1 denotes Book 2, Chapter 1
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ABSTRACT

It is at least twelve years since the Alternative Syllabuses in
Chemistry and Mathematics were first introduced into Scottish schools.

The "new" syllabus in Chemistry stressed the importance of having pupils
involved in iearning by discovery and exploration while the "new" syllabus
in Mathematics had as its main aim the encouragement of an interest in
Mathematics and a greater understanding of fundamental principles. As the
two subjects have developed in their own way over the past years, a
considerable gulf has formed between them and now separates them.

This research is concerned with a close examination of the present
Chemistry and Mathematics syllabuses side by side and an attempt is made to
identify real problem areas in Chemistry which are linked to Mathematics.

The Chemistry and Hathematics syllabuses up to '0' grade were set
out in chronological order and this revealed some related topics which were
obviously out of phase. Chemical topics were also examined for mathematical
content and a list of these topics was drawn up. It showed just how much
Mathematics there is in the Chemistry syllabus. Pupils in schools were
then used as subjects in an «amination of their ability to cope with some of
these éopics, e.g. chemical concept of 'containment', graphs and proportion-
ality. It was borne in mind that the necessary mathematical skills had been
taught in the Mathematics department and that Chemistry teachers assumed
that for their needs the teaching was adequate and done at the right time.

Findings showed:-

(i) that the pupils' ability to grasp a concept was inadequate mainly
because the concept chosen was not dealt with in context or not

dealt with at all;

(ii) /



(ii) that for graphs, the pupils' ability to picture data clearly and
interpret it in real terms was not what it was assumed to be;
(iii) that for proportionality, the mathematical operations were beyond
pupils who had not reached 'formal' thinking level and chemists'

teaching in chemical examples was a significant factor.

The methods used included written tests and face to face investigation
when pupils defined their methods of tackling problems. From results, it
was possible to define for teachers and curriculum planners specific
recommendations which can only better the present situation.

In general, chemists are not aware of 'new' language, notation and
methods used by Mathematicians, and so there is unavoidable confusion for
the pupils, and hence they do not achieve the 'mastery' of topics they
might aspire to. Choice of topics for a rewritten syllabus will be of
prime importance for curriculuﬁ planners but they must also remember long-

term objectives for making Chemistry a significant part of a child's education.
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CHAPTER 1

ORDER IN THE TEACHING OF MATHEMATICS

AND CHEMISTRY



1.1. INTRODUCTION

Traditionally Methematics and Chemistry have been linked for
'calculations in equivalents' but now that developments in “athematics
and Science courses at all levels have taken place independently,
Mathematicians and Scientists often find themselves at cross purposes
when topics they are teaching overlap.

From previous work, recorded in the first reportl to the
Scottish Zducation Department in 1969, several distinct areas of
difficulty in the 'O' and 'H' grade Chemistry syllabuses of the
Scottish Certificate of Education Examination Board2 were revealed.

This work was followed by an investigation into the aspect of
maturity entering into the learning process3. Results still indicated
that areas which were a real source of trouble could be grouped under
three headings, namely -

1) concepts of writing formulae and the mole
2) salt interconversions
3) condensation reactions

It has also been established that the '0O' grade course may be
taught in the recommended order or in an alternative way, with
essentially Uth year and 3rd year work interchanged, without detriment
to the pupils.h

2 to the Scottish Education Department in

A follow-up report
October, 1972 confirmed that the same areas of difficulty as above
reappeared and so it was decided that some research into these areas

would be advantageous. The topics in the '0' grade Chemistry

syllabus which were identified as difficult were:-
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use of ion detector and measure of conductivity
writing chemical equations
calculations from equations

electron transfer in redox reactions
acidic and basic oxides

methods of preparing soluble salts
methods of preparing insoluble salts
calculation of molarity
ion electron half equations

the making of addition polymers
ester formation

the conversion of fats to soaps

condensation polymers

Work has already been carried out to investigate the understanding

of concepts related to writing formula.e,"L and the mole6 and work is at

present being done to investigate the perception of patterns in orgenic

structures.

7
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1.2. Topic Difficulties in Chemistry 'O' grade and the link

with Mathematics '0O' grade.

Many of the topics in Chemistry '0O' grade would appear to assume
a knowledge of related mathematical topics and this may affect the
pupils' understanding of the Chemistry. In fact, fifty-six out of
the eighty-one topics in Chemistry 'O' grade have a link with
Mathematics, in concept, if not in mechanical mathematical usage -
these will be identified later in this chapter.

The initial part of this investigation, therefore, involved an
examination side by side of the Chemistryzand Mathematies 'O’ grade8
syllabuses for any obvious anomalies and to check the order in which
each was generally taught.

Of course, the key to the interdisciplinary problem may well be
found in a study of the development of logical thinking in the
adolescent, but verification of order and timing had to come first.
On the face of it, each syllabus has a logical development with a
certain amount of hierarchical structure, so that some topics appear
several times with increasing degrees of sophistication, therefore
teachers were well advised to follow the order in which the

syllabuses were written as being the order of teaching.



1.3 Experimental Design

The initial hypothesis adopted and tested was that schools tend to
adhere to the order of topics recommended in the Chemistry '0O' and
Mathematics '0O' grades. Sheets, copies of which are in the Appendix page 19
requesting the necessary information - namely week, month and year when each
topic was taught - were sent out to Heads of Chemistry and Mathematics
Departments in schools which were randomly selected. Schools which had
undertaken a recommended order change in Chemistry instigated by T.V. Howe's
workh and schools which were involved in the Mathematics alternative
syllabus B,9 or Mathematics with Statistics, were not asked to provide
information ~ this explains why twenty schools supplied information for
Chemistry and only twelve supplied information for Mathematics. The
completed sheets were summed with respect to month and year when each topic
wvas taught and this summarised form can be seen in the Appendix pages 19=27
Information provided was in general not explicit enough to state for all
schools the week when topics were taught. So, the frequency distribution of
results showed for each topic in the Chemistry and Mathematics syllabuses
the number of schools teaching each topie in any month between September
and June for S 1-lL.

Topics in Mathematics were listed in the order of appearance in the
original Modern Mathematics series of bookslo’ since the syllabus does not
detail topics nor order adequately for teaching purposes - it was assumed

that most schools used this series of books, at least as a guide.
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1.4, Explaining the Results

Individual topics were not taught by all schools in one month of the
same year, and so it was decided to assume that the 'most popular' or
modal month was that month when the largest number of schools taught each
topic. A table showing which month sach topie was taught in, in both
Mathematics and Chemistry, was made for each year up to '0' grade - See
Appendix page 28. This provided an order of teaching topics based on the
results from the randomly selected schools used for the investigation.

The results were explained in diagram form:-

Is the order in Chemistry and Mathematics recommended
by the Scottish Certificate of Education Examination
Board adhered to?

R

Order is not faulty Order may be Order may be Order may be
and difficulties faulty due to faulty in terms faulty
arise from lack of unsuitable of logical

departmental iming of development

communication topics

There was clearly only little deviation from the recommended order
and only slight variation in agreement for monthly timing of individual
topics, so we could accept the hypothesis stated and assume there was
unlikely to be any change as long as the present syllabuses stood.

So, there were three possibilities for further investigation:-

(a) There was lack of departmental communication, or little or no
co-operation between Chemists and Mathematicians.

(b) There was unsuitable timing of topics.

(c) There were problems in terms of logical development.
It would also appear that the problem could be seen as belonging

to one of two other areas:-



(1) Techniques and processes of the 'new' Mathematics exist which

might benefit Chemistry
(2) Weaknesses in Mathematics exist which might hinder the attainment

of objectives of Chemistry.

To help identify the proper level of mathematical ability for
Chemistry pupils, it was felt at this stage that a close examination
of the content of both Mathematics and Chemistry syllabuses had to be
made and possible interdisciplinary links checked for timing. Obviously
a uniformly high level in all branches of Mathematics would be desirable
for all pupils of Chemistry but in practice it could only be important
for pupils -

(a) to acquire facility in mathematical manipulations
(b) to cultivate sufficient mathematical ability for comprehension

of topies in Chemistry which involve Mathematics.

In the preface to their book "Mathematical Methods for Chemists",
Mackie, Shepherd and Vincent say:- "At the simplest level, the use of
Mathematics enables Chemists to make precise descriptions of relationships
between physical quantities. More fundamentally, however, the methods of
Mathematics permit relationships to be established that could not be
arrived at intuitively.” This emphasised the point that high level
thinking in Mathematics might very well be a necessary prerequisite for
studying Chemistry. High level thinking in Mathematiecs involves the

processes of gemeralisation, evaluation, proof induction and inference.
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1.5. Mathematical Content of Topiés in Chemistry

In broad terms, the Mathematics required for S1 and $2 Chemistry

involves: -

(1) the four operations, i.e. addition, subtraction, miltiplication
and division

(2) fractions

(3) percentages

(4) area and volume

(5) ordering

(6) '"best-line" graphs and charts

(7)  sets

(8) relations

and for S3 and Sh the Mathematics required involves:-

(1) ratio and proportion

(2) indices including standard notation

(3) formlae

(4) flow diagrams

(5) interpolation and extrapolationof line graphs

(6) deductive reasoning

but a more specific account was necessary.

The result of MAST the Maths Skills Test for Chemistryll stated the

necessary skills in maths for chemical calculation success:

(1) computation

(2) parentheses

(3) signed number usage;

(4) fractions

(5) decimals



(6) exponents
(7) percent
(8) equations
(9) ratio and proportion
(10) gravhs

Bach Chemistry topic from S1 - S4 was scrutinised for Mathematics
content in terms of skills and abilities implied or stated as explicitly
required and the information was detailed in a table - see Appendix p. 29.
The Mathematics content was then directly linked to an appropriate part of
the Mathematics syllabus and possible interdisciplinary links were made.
This timing of linked topics was investigated by superimposing the appropriate
Chemistry and Mathematics graphs for the same year. A sample of these can
be found on p. 37 in the Appendix.

Some topics in Chemistry and Mathematics which were linked showed an

obvious time lag in Mathematics required and these were summarised as the

following:-
Chemistry Topic Related Mathematics Topic
B3 kine?ic mode} in particular close packing of spheres
cooling to give ordered crystals
02 solubility and its uses graphs and rate of change
D oxygen, nitrogen and carbon reading scales with positive and

dioxide in particular temperatures | negative signs
for fractional distillation of
liquid air

B action of metals on cold water

3 seriation: the idea of an
E4 action of metals on dilute acid "ordered" rate series using
logic of the form:-
F, |naturally occurring elements if AX<B
and B C
F3 naturally occurring sulphides, then A< C

oxides and carbonates

H salt interconversions

6 . 1
Flow diagrams
J1 acidic and basic oxides




In the light of this information the following considerations

had to be made:~

(a)

()

(e)

(a)

Should the Chemistry teachers reject the topics above because the
Mathematics is out of step?

Should the Mathematics teachers who provide a service to so many
other subjects alter their order to suit the Chemists' requirements?
Should the Chemistry teachers accept the lack of necessary Mathematics
and alter the content of the Chemistry to accommodate only Mathematics
of a lower level which has been taught?

Should the Chemistry teachers teach the Mathematics themselves?
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1.6. Difficulties in Mathematics topics which were linked to

Chemistry topics

Specific difficulties of topies linked in the Mathematics/Chemistry

interface included:-

(1) objectives of the courses were not the same
(2) interpretation of words was not the same
(3) notation used was not the same

(4) approach used was not the same

(5) emphasis made was not the same

(6) depth of treatment - Mathematics treatment was too shallow
(1) age at which taught

In particular, weaknesses in Mathematics which seriously affected
understanding of related chemical concepts were identified as -
(1) Qggggggg_ggﬂ_ﬁymppligﬁ

So many areas exist in which a continuing dialogue is needed
between Chemistry and Mathematics teachers; it is vitally important
that the two departments speak the same language. At present, it appears
that Chemists are not familiar with language used in the 'new' Mathematics,
for example, they don't employ, and therefore don't understand, concepts
such as 'sets' and 'mappings'. They make no clear distinction between:-
(a) minus as an operation on a number and negative as a state of a number
(b)  the equals sign '=' in a Mathematics equation and the equals sign in

a Chemical equation

Given NaOH + HC1l = NaCl + H20

Equality can be assumed for mass alone and therefore ' apparent'

equality of reactants and products should be shown by using _’to

mean 'gives' and not ‘equals'



(¢) the similarity sign '=' in Mathematics in connection with similar
shapes and the same sign in Chemistry used in connection with
neutralisation problems to mean 'is equivalent to'.

For exsmple: What volume of 0°SM HCl is required to neutralise
50ml of 0+:5M NaOH solution?
50ml of O+5M NaOH # x ml of 0-+5M HC1
This is a symbolic representation of the situation which presents
problems for the pupils. A symbol must have one interpretation
only, and it must be used in context.

(d) the meaning of the word 'contains' in Mathematics with respect to
sets and 'contains' in Chemistry with respect to mixtures and
compound .

(e) symbolism in chemical formulae, for example, Mg3N2 meaning 3 Mg's
and 2 N's while the analoguus algebraic expression would be:-
3Mg + 2N

Gauss is reputed to have said:- "Mathematics is the Queen and
Servant of Sciemce" 3. It is imperative that Chemists as a pre-requisite
familiarise themselves with the language that is used by Mathematicians.

There is also a lack of conformity in standard abbreviations for units
used in calculations - SI units should be used exclusively or another
system adopted. There should be no confusion as to whether it is lb/yd2

or lb/yd-a, or regarding the equality of ml and 3.,

(2)  Sets

Classification of concepts, data and arbitary lists of facts can be
approached by using Venn Diagramslh - this ensures the classification

process is done in a rational and systematic way. In this respecy



-13-

Yathematicians could introduce chemical examples, showing relations

between, for exarple, acids, bases and salts or isomers, stereolsomers

and optical isomers.

Suggestions could include

(1)

Solids

Salts

(i)

E~ Entire Set

=
1

Set of all hydrocarbons

A~ Set of all alkanes

B-~ Set of all alkenss

(iii) C- Set of all alkynes
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Spatial properties of crystals can involve ideas of symmetry and the
idea of regularity in the crystal shape can be related to close packing
of spheres. Symmetry is also a useful concept in recognition of structural
formulae in organic compounds. Mirrors could be used as lines of symmetry
when building up shapes and structures.

(4) Equations and Formulae

These are used as Mathematical models for chemical situations and the

problem in manipulation is largely notational. Pb3o4 in Chemistry would
be translated as 3Pb + 40 in Mathematics _ hence the initial problem in

interpretation and secondary problem in evaluating a formula weight.

Does H,0 mean 2H + O or H + 207

In a test given to 1st year medical students at the University of
Glasgow in 1971 15 one question asked the students to draw the structure
of the water molecule showing all bonds as lines. 70% gave an incorrect
response and a high proportion ( around 20% of those who answered incorrectly

wrotede as the structure.

In year 3, perhaps there is a case for using structural formulae

only for most €ar»on compounds, or at least until powers and indices
have been dealt with in Mathematics - hence the use of molecular formulae

could be developed gradually. This would avoid writing, say, C4H10 and

replace by CH30H20H2CH3 or even which are more mean-

—Q —i

H

|
H-?— ingful in terms of

H

H—a—m

H
l
—C-H
l
H B structure.
This would also reduce the tendency for pupils to memorise molecular

formulae.

(5) Rate of Change &nd Proportionality

Atomic weights of elements (as listed in data tables) are calculated
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as'proportional'means - hence the idea that atomic weight is an approximation
or relative weight related to the relative abundance of isotopes of an

element.

Many other chemical calculations, in particular stoichiometric ones,

require applicationof the schema of proportionality. Research has shown
that difficulty with this topic is due to the high level of abstraction

necessary. In terms of Piaget levels, the 'formal' thinking level is
necessary to develop the ability to understand and handle proportion16

Many pupils can cope with proportion in a Mathematical context and find
difficulty in transfer of the technique into a Chemical situation.
Some research by We Gapp suggests that chemical knowledge is faulty or

17
deficient when stoichiometric problems are presented . Part of the

problem is notational and part conceptual - an investigation of this
particular topic is described in detail in Chapter 4 p 97

In connection with rate of change, graphs are used a lot to represent
experimental data. Interpolation and extrapolation of data can be made

easier by carefully studying the relationship between the number pairs

involved. An investigation of this particular topic is described in

Chapter 3 p 56e
(6) _Statistics

Measures of length, mass, temperature etc. can be made and a 'most
likely' or mean measure can be calculated or a 'most frequent' or modal
measure - hence atomic weights for elements and isotopes of elements can
have more meaning and moee accurate interpretation of data from quantitative
experiments can be made.

These are useful aids in computation, if estimate answers can be

made first. Many pupils are not encouraged to use such mechanical aids

outwith the Mathematics Department, and so practice in using them is not
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apparent in the science department. Slide rule is taught at the end of year

2 and logarithms at the beginning of year 3 - perhaps morg extensive
treatments earlier might be advantageous to both departments.
(8) Deductive Reasoning and Seriation
The derivation of one 'big' reactivity series of metals is made in
S3 from five interrelated series. The metals can be ordered by trial and
error but it is more feasible to use algebra to express the relationships
and to work from these.
"Jane is fairer than Lilly, Jane is darker than Susan - which of the three
is the fairest?" is an analogous situation to the series derivation problem
A solution involves the relationships : JKL and S<J=) S<KJLL where
< means "is fairer than".
When a set of metals showing ease of oxidation is found, it can be combi:ed
with a set showing ease of reaction with dilute acid and ordered more easily
if a 1 to 1 correspondence is set up with the elements and the set of
natural numbers and the numbers are consequently ordered.
For example : Zn is more easily oxidised than Fe and less so than Al
Fe is less reactive with dilute acid than Al and more so than Sn
Let Sn<> 1
Fees 2

ine~ 3
Ale 4

Now express the relationships algebraically -

<> means ' corresponds to !

32 and 3<4 = 2<3<4

2<4 and 2>1 = 1<2<4

So, 1< 2<3<4, which translated means Sn< Fe< Zn< Al when"< "
stands for " is less reactive than"

Careful choice of numbers for elements can mean the resulting order is strict
numerical order and thus the reactivity order is more convincing. Seriation
is a useful experimental tool not only for reactivity butalso for arranging

in order of magnitude, e,g. heats of combustion.
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(5)
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Results of the Investigation

The order of teaching topics in Mathematics and Chemistry recommended
by the Scottish Certificate of Education Examination Board is in
general adhered to.

There is a lack of departmental communication and Chemistry

teachers are not, in general, aware of the language and methods, used
by the Mathematics teacher.

There are topics in Mathematics which are either out of phase with -
topics in Chemistry or inadequately dealt with.

There are topies in Mathematics involving techniques which could be
usefully applied to Chemistry.

There are problems in some Mathematics and Chemistry topics in terms
of conceptual development and demands.

There are topics in Chemistry where understanding is affected by an
obvious weakness in related Mathematics.

There is a lack of efficiency in mathematical manipulation and in
doing elementary operations, hence a corresponding lack in efficiency
when computing in chemical calculations, (even a high% performance

in elementary operétions can mean a low score in computing in a

problem;B).
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(1)

(2)

(3)

(5)
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Recommendations

Chemistry teachers within schools should make a list of

mathematical requirements of their course in time-order of being
required.

Mathematics teachers and Chemistry teachers must get together and
discuss interdisciplinary problems - if chemists use Mathematics

as a tool they must surely learn the mathematicians' language and
look into the mathematical basis of other techniques required. As
well as this, the Mathematics teachers can look for scientifiec
applications of their theory.

Standards of numeracy could be improved by providing more opportunity
to practise manipulative skills in Mathematics departments and hence
the transfer of repetitive practice to Chemistry would be easier.

A chemist works with mumerical quantities not pure numbers, hence
what would appear a 'mundane' mathematical operation is perhaps notlg
Planners of Chemistry and Mathematics syllabuses should check
intellectual demands of the respective disciplines before rewriting
the next version of the syllabuses to prevent obvious clashes in
conceptual demand and also timing.

Authors of school Chemistry text books should give guidance on

mathematical techniques required for "mastery" in Chemistry.
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CHAPTER 2

THE CONCEPT OF "“CONTAINMENT" IN CHEMISTRY.
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21 Introduction

In Chemistry, concept learning is fundamental and in many cases,
a model is a representative example of a simple concept. This means that
the process of comparing concepts can be carried out through the mediation
of memory as well as language.

A concept is defined to be an "inferred mental process" and
learning a concept requires discrimination which can be demonstrated by
the ability to classifye. It must however be remembered that early concepts
are much more constructively than analytically directed and that the
environment presents or does not present a pupil with experiences and
teaching suitable to his way of conceptualisation. There are three

stages in the process of concept formation:-

1) "Play" stage where activity is purposeless and undirected;

2) "Direction" stage where objects are grouped into classes, compared
and perhaps counted;

3) "Insight" stage where constituents of a concept click into place

explicitly, constructively or analytically.

The dynamic equilibrium of concept formation is delicate and is
easily upset by interference, emotional or intellectual and so a teacher
must be aware of the stage through which a pupil is passing and must
provide appropriate experiences or hints at times when these are beneficial.
Stones (1968) said, "Concepts are formed when we abstract the essential

attributes of things from many specific examples".
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22 Concept Acquisition in Chemistry

Pupils are first introduced to the idea of a chemical substance,
then to a chemical reaction and then to elements, compounds, mixtures,
atoms and molecules in that order.20 All these ideas can be related using
ideas of sets which exhibit an ability to classify.

Two factors in the classroom situation affect the development of

these and any concepts:~

1) the understanding of the teacher;

2) the climate of opinion, i.e. methods of discussion and demonstrations.

There is also a hierarchical structure in acquiring concepts, for example

rational thought on chemical reaction or transformetion cannot begin until

the Piagetian concepts of conservation of chemical identity, composition

and mass have been acquired. o Simple 'concrete' concept formation

should involve classifying, relating and quantifying where more complex

'formal' concept formation should involve constructing systems and theories.
This chapter describes some research into pupils' attainment and

understanding of the concept of 'containment' in Chemistry.
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2+3 Understanding of the Concept of 'Containment! in Chemistry

First year pupils in secondary schools, referred to as S1, first
meet the idea of containment in connection with set theory in Mathematics
where it is emphasised that a set "contains" elements or members and these
form a collection of objects of any kind, e.g. the individuals in a class
of pupils. A set is taken from a universal set, e.g. pupils in the
school, which contains all the elements in the particular context. A
little later, pupils meet again the idea of 'containment' in Chemistry in
connection with chemical reaction and change in composition which is a
much more complex idea. The pupils will undoubtedly try to relate ideas
of sets to what they are doing in Chemistry but can they surmount the
difference between "contains" in Mathematics, which is a 'concrete'
concept, and "contains" in Chemistry which is a 'formal' concept relying
on the ion concept and bonding theory?

This investigation was set up to find out what understanding
pupils in S1 had of the word "contains" in Chemistry. A sequence was

developed in the experimental design as follows:-

(i) Pupils were given a situation where formation and separation of
s mixture were investigated. Components were solids, recognisably
present in the mixture and easily separated by mechanical
means. See Questions 1 and 3.

(ii) Pupils were given a situation where progressively more intimate
mixtures were presented and more subtle methods of separation
were necessary. See Questions 2, 4, 7 and 8.

(iii) Pupils were given a situation where chemical reaction was

described. Two solids combined to form what was clearly a new

substance /
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substance which could not be changed back to the original
substances. See Questions 7 and 8(ii).
(iv) Pupils were given the product of a chemical reaction and asked
to describe the reaction in terms of what had combined to form
the new substance and how they could find out what was "contained"

in the new substance. See Questions 9, 12, 14, 15 and 16.

Solids were used in all examples or situations and by presenting
situations some of which were familiar and some not, it was hoped that
thought processes used in connection with the word "contains" could be
clearly defined; it was also hoped that thought processes which were

clearly understood could be defined.
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2.4 Experimental Procedure

Three groups of pupils with 4, 5 and 6 pupils respectively from
a "good" first year class, and two groups of pupils with 6 and 7 pupils
respectively from a "poor" first year class were used as subjects in an
‘interview' experiment where the main aim was, "to test understanding by
providing unfamiliar problems which could be solved only if the necessary
principle was understood". The average age - of the first three groups
was 125 years, and their average class examination mark, based on one
formal examination, was 74 +0%. The average for the two groups was 127
years of age, and their average class examination mark was 40-8%. Both
sets of groups had the same class examination. The outline of the

discussion was based on the following questions:-

e Here is a box and some red and blue balls. If I put the
red balls into the box with the blue ones on top, can you

see the red and blue ones? YES / NO

Would it matter if I put them in in any order - can you
still see the red ones? YES / NO

and the blue ones? YES / NO

2. Here is a piece of paper with some red and blue paint.
If I put a layer of red paint with a layer of blue paint

on top, can you see the red and blue paint? IES / NO

If I start again and this time put a layer of blue paint
with a layer of red paint on top, can you see the blue

and red paint? YES / NO

Do you /
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4.

5e

6.
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Do you have any difficulty
(i) recognising a colour of paint? YES / NO
(ii) seeing which primary colour combination might

have been used to give a mixed colour? YES / NO
(iii) telling if there is more of one primary colour

than another in a mixed colour? YES / NO

How do we know if a coloured paint "contains" one primary

colour of paint or a mixture of colours?

How do we know what a dark green paint contains compared

with what a light green paint contains?

(Can you explain a little more fully? Are there any

other reasons? What do you mean?)

Let us now think of a parking meter which "swallows" 2p

and 5p coins, can you see the 2p and 5p coins? YES / NO
How could I find out how many 2p and 5p coins are inside?

If T take some salt grains and some sugar grains and put

them in a dish, can you see the salt and sugar? YES / NO
How could I find out how much salt and sugar I have?
What do you think are the differences in these two problems?

How often do you think you can see the separate contents of a

mixture?

When you or your mother bakes a cake, you know what it

contains /
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9.

contains if you see the ingredients before mixing and

bakinge. Let us suppose you see the baked cake. Do you

have difficulty

(i) seeing that it contains flour?

(ii) seeing that it contains eggs?

(iii) seeing that it contains raising agent?

(iv) seeing that it contains butter or margarine?
(v) seeing that it contains currants?

(vi) seeing that it contains cherries?

(i) Now let us take some iron filings and some sulphur
and mix them. Can you see the iron filings and

the sulphur?

Could you separate them?

(ii) If I now heat the mixture, the iron and sulphur will
Jjoin together. Can you now see the iron?

the sulphur?

Could you separate them?

Now, I would like you to tell me, if you had been given the

iron and sulphur 'joined' as iron sulphide could you have
said it contained iron and sulphur? (A stick of FeS is

presented. )

YES / NO
YES / NO
YES / NO
YES / NO
YES / NO

YES / NO

YES / NO

YES / NO

YES / NO

YES / NO

YES / NO

YES / NO

10. How often do you think you can see the contents of a chemical

substance?

11. How often do you think you can identify contents of a chemical

compound?

12, /
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13.

14.

15.

16,

170
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If I take a blue crystal, can you say what it might

contain? YES / NO

Would it be possible to do something to find out what the

crystals are composed of? (CuSO4 crystals are presented.) YES / NO

How can you find out what is contained in a substance?

For example, let us look at this piece of quartz. How do

you think the people who found it decided what it contained?

Sometimes, it is difficult to give a complete composition

picture. For example, how do we know what air contains?
Can you find out what water contains?

One final question. Looking back on examples where we
sometimes have seen easily and sometimes not seen easily
one thing contain another. What is the meaning of the word

"contains"?
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2+5 Analysis of the Results

The following types of response were recorded. (Figures in
parenthesis show:- [a] number of responses from groups; [b] number of
respondents for "good" and "poor" groups of pupils respectively.)

Responses for "good" groups are enclosed in rounded brackets and for "poor"
pupils in squared brackets. One person from a group responded, in turn,
to each question.

Question 1 presented no problem at all - pupils could easily
discriminate between objects by use of colour. (3,3) [2,2]

Question 2 Pupils emphasised that any colour other than red,
yellow or blue on its own must be a mixture of two or more primary colours.
(3,3) [2,2] The primary colours used in making a 'secondary' colour
could be found by trial and error or just by 'knowing' from past experience
or from memory. [2,2] When given a 'secondary' colour, e.g. brown,
the separate components could be found by using 'chromatography' to
separate layers (3,1) or by using turpentine which would take off one
layer at a time. (3,1) Differentiation in shades of green was easy -
if light then more yellow, if dark then more blue. [2,2]

Question 3 Coins in a parking meter were separated and counted
to see how many of each were present. (3,3) [2,2]

Question 4 The presence of salt and sugar in a mixture was
apparent after tasting. (3,2) [2,2] Separation, however, was difficult;
Suggestions for separation included dissolving mixture (3,2) - only the
sugar dissolved. Some thought there was a way of doing it but could not
remember what it was - testing or something! - they decided that the
mixture could not be separated. (3,1) [2,2]

Question 5 The difference between situations in Questions 3

and 4 /
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and 4 was that solids in Question 3 were different shapes and colours and

could be easily separated but solids in Question 4 were the same shapes

and colours, were much smaller and could not be easily separated, if at

all. (3,3) [2,2]

Question

mixture into its components.

6

One would 'occasionally' be able to separate a

(3,3)

to separate a mixture into its components.

It would always

be difficult to separate a mixture into its components.

Question 7

baked cake respons

(i) Recognition

(ii) Recognition

(iii) Recognition

(iv) Recognition

(V) Recognition

(vi) Recognition

'No' indicates no

Responses /

es

of

of

of

of

of

of

difficulty in recognition;

[2,1]

In testing for recognition of ingredients in a

weres:-

flour

eggs

raising agent

butter/harg.

currants

cherries

No

No

No

No

No

No

(3,1)

(3,3)
[2,1]

(3,1)
[2,2]

(3,3)
[2,2]

(3,3)

[2,2]

Yes

Yes

Yes

Yes

Yes

Yes

(3,1)
[2,1]

(3,1)

[2,2]

(3,1)

Doubt

Doubt

Doubt

Doubt

Doubt

Doubt

One would 'not very often' be able

[2,1]

(3,2)

[2,1]

(3,1)

[2,1]

(3,1)

'yes' indicates the reverse.
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Responses included comments about the obvious effect of raising agent,
colouring from eggs and from butter. One response expressing doubt about
the presence of butter said, "You can see 'wee particles' of butter once
the cake is baked.™"

Question 8 In presenting a 'similar' situation using chemical
substances, there was obvious recognition of iron filings and sulphur
in a mixture made at the time. (3,3) [2,2]

Question 9 However, when the product of heating a similar
mixture was shown, i.e. a stick of i #ensulphide, FéS, the iron filings
were still obviously present (3,3)[2,2] because they had not changed
much, but the sulphur could not be seen easily (3,2)[2,2]; one of the
"good" groups claimed they could still see the sulphur. (3,1)

A magnet could be used to separate the mixture before heating
(3,2)[2,1] or separation may be done by dissolving in water (3,1), but
few thought the irom sulphide could be returned to its constituents. (3,2)
[2,2] One group suggested separation by melting and allowing separation
as in a water and alcohol mixture. (3,1)

Question 10 Most groups agreed you could seldom see the components
of a chemical mixture. (3,3) One group thought you would 'often have
difficulty' [2,1] and the remaining one said 'not at all' - if there was
a label on a substance then you could get the names of the components but
you could not separate out the components after heating. [2,1]

Question 11 was omitted with later groups as unfair.

Question 12 Crystals of copper sulphate were presented and pupils

were asked what was "contained" in the crystals. Verbal responses

included:-

(i) /
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(i) Copper and sulphate =- the name tells you (3,2); one continued,
Cu is brown so it is not easy to see .... but you could smell,
look to see what you could, put in water, and if some dissolved
and some did not, then you could imply two substances were present. (3,1)
(ii) There should be Cu and sulphate [2,2]; one continues, there is no
cooper in it [2,1}, and the other continues, copper is red so heat
must have turned it blue. [2,1]
(iii) The remaining group said you would first of all smell, tasteand
dissolve in water - could there be copper? - no, it is just
a namee. Copper is not blue, it is brownish red, but perhaps there
could be copper.
Question 13 was incorporated with Question 12 where suggestions
included smell, taste, dissolve in water.
Question 14 Verbal responses were:-
(i) Analyse it (3,1)
(ii) Break it down, then crush it, then take a magnet to see if there
is any iron present (3,1)
(iii) The colour helps (3,1)
(iv) We cannot rely on a name [2,1]
Question 15 It was suggested that oxygen and carbon dioxide
are constituents of air but are not visible ~ the reason we know they
are there is because we breathe them in and out respectively. (3,1)[2,1]
70% oxygen, no 20% oxygen. (3,1) Oxygen, hydrogen and CO, - air is
a mixture of gases, but it is not easy to see that air contains oxygen,
ete.  (3,1)[2,1]
Question 16 In this question it was suggested that water which
is H20 must contain hydrogen and oxygen, but.that it is not obvious

water contains gases. (3,2)[2,1] One group suggested breaking water

down /
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down into molecules to find out what it contains - if there is hydrogen
then that burns - Dbut you certainly cannot see the components of water.
(3,1) The remaining group did not know what water contained - after
prompting, hydrogen and oxygen were defined as components, but these were
gases and were components of air and water is a liquid - theywere
completely mystified.

It was suggested that the difference between the air and water
problems was that components are not &lways in their natural form. (3,1)

Question 17 To sum up, pupils were asked to say what the word
"contains" meant to them with reference to Chemistry. Replies were:-

(i) contains means 'consists of' (3,1)

(i1) " "  'gomething it has got in it'  (3,1)
(iii) " "  'yhat is in it - in Chemistry we cannot always
see what is in it'  (3,1)
(iv) " ‘ " 'substances in it' [2,1]
(v) " "  'it has in it, has the stuff in it, has the things

in it* [2,1]
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2«6 Conclusions

During the interviewing, language played an essential part :-
(a) when pupils were asked to label and classify what they were experiencing,
(b) when pupils' attention was directed to relevant aspects of each situation.
D.H. Russell (1956) found that "in some experiments children show clear
understanding of a concept but inability to verbalise it". 22 This may
well be a part of the explanation for lack of concept formation apparent
in this experiment, but the lack of understanding of the word "contains"
in Chemistry and the wide gap between the meaning of the word "contains"
in Mathematics and Chemistry can be explained by other more serious
factors.
1) Pupils tended to rely on the unsatisfactory criterion of change of
state or appearance when defining elements "contained" in a mixture
or compound.
2) Pupils, at this elementary level, regarded chemical change as a
change in appearance which was directly perceived and not as change
in composition.
3) Pupils appeared to have a lack of basic conservation concepts, hence
their lack in acquiring the concept of containment in Chemistry.
(The acquisition of conservation concepts by 11-12 year old children
has been investigated by J.R. Hall.23)
4) Pupils had a lack of understanding of the nature of a chemical reaction
and basic chemical concepts like element, molecule and substance.
5) Pupils had an alaming lack of understanding of techniques, e.g.
chromatography and separation processes for solids and miscible

liquids; it would appear that these techniques had been met blindly

in the /



in the laboratory and that they would work every time they were applied
in a 'similar'situation.

6) Pupils were unable to define the concept of containment because they
had not been aware of the concept in éontext when observation would
have been appropriate. 'Concept by definition' is easy if 'concept

.by observation' has gone before.

To sum up, there is an obvious lack in understanding of the
concept of containment in Chemistry as a result of a lack of basic chemical
concepts and as a result of converse teaching in Mathematics, but we must
really ask if the pupils are at fault. If the required background
knowledge is not there, and if the concept depends on the theory of bonding,

which is far too complex for S1, should we not re-think the content of

31 Chenistry?



2°7

1.

2

3.

4.

Recommendations

Teachers must be more aware of their intentions to develop specific
concepts and use the idea of a developing model - starting with a
sufficiently simple model from which the pupil can organise his
thoughts and use these as a working basis for developing specific
concepts. So many concepts in science must be related to models

of reality.

Teachers must ensure that pupils do not apply newly learned techniques
and also newly learned words to new situations spontaneously by making
more explicit the domain and limits of the techniques.

Teachers and pupils, as well as using labels for concepts, must discuss
relevant aspects of the concepts so that there is no doubt in the
pupil's mind; the role of language is very important in developing
concepts and also in inter-relating facts and ideas of related
concepts.

Teachers should try to relate concepts where possible so that a
complete picture or explanation is given to pupils. e+g+ Chemical
reaction change in composition and change of properties should be

related, for example:-

Chemical reaction : acid with water gives
Change of composition ¢ hydroxonium ions accounting for

Change of properties ¢ existence of acidic properties

The ion concept is extremely important within this framework and must
also be explained. Ausubel sums this up by saying that material
learnt 'meaningfully' (i.e. in such a way that the new concepts it
contains are related to the cognitive structure of the learner) is

retained better over much longer periods than that which is learned by

rote (i.e. 'non-meaningfully').
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CHAPTER 3

THE INTERPRETATION OF GRAPHS.
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31 Introduction

In Science, numerical results of measurements are displayed using
graphs and from these general theories can be validated or otherwise.
Difficulties can be arithmetical or experimental since all measurements are
inexact to some degree but an early appreciation of experimental error can
be gained from graph drawing and also an appreciation of the underlying
unit of principles involved.

It is, therefore, of great practical and theoretical importance
that pupils can estimate and allow for uncertainties as early as possible.
They should also be encouraged to speculate about the significance of the
distribution of points; often they themselves can realise that the majority
of points plotted are scattered about a straight line, the scattering
being a result of experimental uncertainty. They can draw in a 'best'
straight line and then go through the processes of interpolation and extra-
polation getting real or actual values of the quantity being measured.

It is practically wise to say that experience in the technique of
graph drawing and interpretation is of paramount importance to any science
pupil. Evidence shows that there is a correlation between the experience
of a class and scatter of its points 25 in using graphs to discover combining

ratios.



3.2 Development of Graph Representation

{
Since a graph ison13 one of many forms of visual representation,

development of graphs must follow mental growth of pupils. Piaget's
research shows that distance conservation which is a prerequisite attainment
for achievement of coordination concept is achieved at apvroximately seven
years of age and the coordinate system concept is achieved at nine years

of age.

There are three stages in developing graph representation -

(i) Random approach =~ active approach using everyday objects
(ii) Helical approach - various types of charts introduced as
representations on paper; axes and scaling
(iii) Topic development through'graphs or graphs through topics
introducing ideas of continuity and intervals of time;

hence reading or interpolating of a graph.

26 . .
Dodwell (1963) and Rivoire (1961) have noted there is vari-
ability in age of emergence of coordinate system due to the way the task
is presented.

The functions of graphs are as follows -

1) The main purpose of a graph is to give a visual display of experimental
results, and it should be drawn as clearly as possible with suitably

chosen scales.

2) Graphs are also often used to test an assumed relationship between two

quantities or to discover a relationship between them.
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1)

3)
4)
5)
6)
7)

3.4
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Graph Drawing Process

The logical development of graph drawing interpretation is -

Choose a simple scale so that the experimental points are not all
cramped together;
Give the graph a titles
Label axes clearly with name or symbol of the varying quantity;
State clearly the limit used on each scale;
From tabulated data draw the graphj;
Interpret what is drawn;
Extrapolate by using 'common sense' to give - (a) straight line,
(b) curve,
(e) change in overall shape;

State significance of 'joined' points.

Preliminary Investigation

Since graph drawing is fundamental to Chemisrty and central to the

organisation and interpretation of scientific data, it was decided to make

& preliminary investigation to find out -

(1) what the concept of rate of change meant to junior pupils;

(ii) how pupils drew and interpreted 'simple' graphs.

The test designed was administered to two S1 classes (one good

and one poor) and to two S2 classes (both good)

. all in one school. The test itself is in the Appendix, p57.
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3¢5 Results of the test for S1 and S2 pupils

Figures state the percentage who had the correct answer.

Question 1st (N=26) dear 2nd (N=35)
1 61 5% 88 6%
2 11+5% 80+0%
3(a) 57 7% 80+0%

(b) 61-5% 65-T%
(e) 65+4% T 4%
(d) 42+3% 9 -4%
(e) 46 2% 65+ 7%
(£) 38+5% 42-8%
(g) 57+ T% 48+6%
4 4243% 54 +3%
5(i) 69+2% 971%
(ii) 7% 14+3%
6 34 6% 54 3%
7(1) 46-2% 77 1%
(ii) 57 7% T71%
(1ii) 61 +5% 80+0%
8(i) 42+3% 74+ 3%
(i1) 57+ % 94+ 3%
9(1) 50+ 0% 655
(i1) 57+ 7% 28+6%
10(1) T31% 85T
(ii) 30+8% 45T
(iii) 15+4% 40-0%
(iv) 19+2% 40-0%
(v) 0 2.8%
11(1) 38 +5% 31 +4%
(ii) 42+3% 51 «4%
12(1) 61 +55% T1+45%
(i1) 19-2% 54+3%
(iii) 15445 343
(iv) 15 +4% 31 +4%
(v) 11 5% 34 3%
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3+6 Observations made from Results for S1 and S2 pupils

1e Concept of 'rate' presented confusion for a large proportion of junior
pupils and so did rate of change particularly in a multivariate

situation. See Question 1 results.

2, When making comparison between two 'simple' graphs different scales
inhibited appreciation of the graphs. Steepness of the slope of
the straight line joining two points was taken as a rate of change

for a given time. See Question 7 results.

3« Calculation of a rate from a linear time graph was poor in junior

school pupils. See Question 8 results.

4. Interpretation of graphs into real terms was poor. See Question 9
results. For 9(ii) 52 performance was not as good as S1. The
better pupils tended to write answers involving a range - the

obvious answer to them was probably wrong.

5 Interpolation for solubility graphs which were given was poor - even
allowing for absolute error, values tended to be very inaccurate.

See Questions 10, 11 and 12 results.

6. Extrapolation was very poor, but squared paper supplied in the question
did not allow scales to be extended far enough. See Question

10(v) results.

The S2 classes were asked to rate the questions in the test and the

following table gives results:-

Question /
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Question Easy Difficult Very Difficult

1 100% - -

2 100% - -

3 - T1 +4% 28+6%

4 382% 52-9% 8+8%

5 68 6% 25+T% 5+T%

6 80+ 0% 11-4% 8+6%

7 88« 2% 11+8% -

8 97-1% 2.8% -

9 T4 3% 25-T% -
10 42+8% 54 3% 2-8%
11 6+2% 75«0 18+8%
12 31« 2% 56« 2% 12-5%

All questions involving interpolation were found difficult or very difficult
by the majority, i.e. Questions 10, 11 and 12.

On the strength of these results, it was decided to make a more
formal investigation into pupils' understanding and interpretation of
graphs to see if the lack of ability was due to the graph as a method of

representation or to an understanding of chemistry involved, or to both.
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3«7 Experimental Design

A test was designed which had thirteen open-ended questions; see
Appendix p.74 for cuestions, and p.79 for some of the response sheets.

The test was designed so that there were some questions using
everyday terms &and parallel ones using chemical terms. It was hoped that
a measure of the pupils' performance in achieving the following objectives

could be obtained, for Hathematics or for Chemistry.

Pupils should be able to:-
(i) obtain and tabulate data from a description of an experiment or
given situation;
(i1) construct a graph from data;
(iii) interpvolate from a graph;
(iv) extrapolate from a graph;

(v) state the significance of the lines oh a graph.

The test was administered to 456 S4 pupils in eleven schools which
were randomly selected. All pupils were taking 'O' grade Chemistry and '0O'
grade Mathematics or Arithmetic courses and had just had their preliminary
to '0' grade examinations, or were due to have them. This meant they had
covered most of the work in the '0O' grade syllabuses.

The results for each question were summarised in tables with
frequencies for each school and then a summary of all results was made.

The tables are in the Appendix p.84.



38

1e

2e

S

4s

e

6o

Te

8 /

General Observations from Results

Axes were, in general, drawn but were not adequately labelled, nor
were appropriate scales marked on before plotting points. See

Questions 2 and 7 resultse.

There was inefficiency in constructing a data table from given information
before use of data as coordinates of points to be plotted on a

graph. See Question 3 results.

There was a great tendency to join points plotted without considering

if the join was meaningful. See Question 3 results.

Points tended to be joined in dot-to-dot or wavy line fashion when a
straight line of best fit would have been sensible. See Question

13 results.

In comparing two graphs, different scales inhibited appreciation of
the graphs, hence rates of change given for a given time were

incorrect. See Question 4 results.

For graphs relating to solubility, there was inaccuracy in plotting
points, assuming that suitably scaled axes had previously been made.

See Questions 7 and 8 results.

Interpolated values, even allowing for absolute error, tended to be
very inaccurate. Also many pupils interpolated in reverse order.

See Questions 6, 7, 10 and 12 results.
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8. When Chemistry interacted with the process of interpolation there was
a noticeable drop in performance. See Questions 7, 10 and 12

results.

9. Extrapolation was not good, even allowing for a large error. See

Questions 7 and 9 results.

10. Few could extrapolate by using 'common sense' either given information
or a related graph. There was a tendency to think of all graphs

as being straight line ones. See Question 10 results.
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3.9 Conclusions

1. There are problems with interpretation because the real physical
existence of many graphs is not adequately explained - +they tend

to be thought of as visual representations in the abstract.

2. Variables must be defined clearly before interpolation can be done
correctly. Lines of interpolation from one axis to another axis
must be directed ones. This will ensure that interpolation
from one variable to the other is not the reverse of what it should

be.

3« Relationships between variables must be made as tangible as possible

so that actual amounts are clearly visible and the concept of

continuity arises naturally and spontaneously.

4. Development of graphs must follow closely the mental growth of the

child.

5+ Formal lessons on graph representation must include detailed instructions
and explanation in both Mathematics and Chemistry so that topics
in Chemistry can be more easily developed by using graphs where

appropriate.
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RATE AND INTERPRETATION OF R4PHS (measuring rates)

Male / Female

1o

24

3

4,

If AB and CD revresent two sepzrate tunnels,

0 J 0

A 8 c D

y - -

-

Tom starts at A and moves towards B, and
JerI'y n 1" c " " " D.

Tom and Jerrr start at A and C resnmectively at the same time and
finish at B and D respectively at the same time.

Was Tom slower or faster than Jerry ?

Laurel and Hardy start walking round the circular
tracks shown in the direction indicated.

Laurel starts at X and Hardy at Y and they both
y finish together at X and Y resrectively aft&&
walking once round the track.

Will Laurel or Hardy have mowed more uuchlv?
(uhey both took the same time)

W¥ith which of the following do you associate rate with resvect to time?
’ ‘ S| No .

(a) a bicycle travelling from Edinburgh to Glasgow

(b) the number of newsvapers you read once a week
(c) the growth of a plant

(d) the mavimum numbter of cars that can be parked in 2
car park

(e) climbing a hill

(f) turning 2 wheel

(g) sales figures for ice-cream from year to year




Two people play "snakes and ladders" from START i.e., into square 1
is the first move and try to reach square 20.

A starts and tosses,when it is his turn, the numbers
1, 2, 1, 4, 3, 5, 4, 4, 3, 2

B tosses

; 3, 1, 2, 5, 4, 3, 5, 6, 2.

Who is quicker in reaching square 20 ?

NOTE ;- in one move you can move dowﬁ érsnake'and' then "down" another. snake
The last move into sguare 20 can be m~de only b~ tossing the number

required. i.e, from souare.-19 a "t" is needed.
5¢ Does the tio of the hour hand of a clock move faster/slower than
the tip of the minute hand ?  Assume the hand=ave oT ezl lensth,

By how much?

! 6+ If the minute hand of a clock which has stopped is 12" long and an
5 insect starts at the tip of the hand and crawls towards the centre
| = the insect travels uniformly, i.e. it travels the same distance
: over regular periods of time - what is its rate of travelling if it

takes one hour to comnlete the journey ?
' per minute




6ooo 5

5000 T

Lood~

. ‘ 9 Ve 1931 1992 year
Figwe  (v) o Figure (1)
This picture represents, sales This picture represents sales
figures for 1971 and 1972 figures for 1971 and 1972
for Wheat Honey Cereal, for Wheat Honey Cereal.
What is the change in number What is the change in number
of sales ? - of sales?
in one year. in one year.
Which nlcture represents a bigger change in sales over the one year
period ?
8. Figures have been obtalned for calculatlng the rate of growth of a
plant.
, . 1 1 3 1 1 3
- - 1 1= - 2
Number of weeks l 0 4 > 2 1 12 14
' o1
Height in inches | 0 g 3 % 1 1% 15 12 2

A graph or picture would show the connection between the two sets of
numbers and en:tble you ﬁp f;pd the rate of growth.

; 1% |1 132 r%;;fﬂuk

Draw wvhat you think is a victure of the growth of the vlant.

Then calculate (i) the rate of growth
(ii) what height the plant would be aftér 3 weeks




9

(t)Estimate when he would stop growing

-70-

You would expect a boy's height to increase as he gets olde -
would you expect him to grow @&t a steady rate as he.gets older?

o
Do

The following figures were collected and show a boy's height for
each year from'9 - 19 years. .

Age in years | 9 10 11 12 13 14 15 16 17

18

19

Height in inches 57 60 68

70

Dzaw a gravh to represeht these figures and thus his rate of growth

from year to year. 7
doDuring which year was he growing fastest?

10, /

70
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When a substance is dissolved in water, the amount which dissolves

devends on the temperature, the size of the crystals used and the rate
of stirring.

The following data was obtained for a certain substance (graln size and
amount of stlrrlng per minute were kept conutant) and put in graph form.

Temperature l 0°c  10°c  20°%  30°C  40°C  50°C  60°C

Amount dissolved
in 100 ml water

14<3g  17+4g  20+7g 258 28+58  33+3g 40g

TITT

e

(i) How many -grams of substz~ce

dlssolved in 100 ml of water

at 30°C ?

8

W=

(ii) How many grams of substance

would dissolve in 100 ml of

water at 55°C 2

(iii) If I tried to dissolve 19g

of substance in 100 ml of

water, what temperature

would be required?

(iv) To what temperature would

you need to raise the water

to enable you to dissolve

26+6g of substance ?

(v) Can you estimate from the

gravh how much substance
would dissolve in 100 ml of
water raised to 70°C %

lore /



7

Hore data was obtained for rate of dissolvingz of a substarce at room
temperature when grains were roughly the same size and a graph is drawn.

Amount of . . ) ‘ .

stirrine/minute I 5 times 10 times |15 times I 20 times 25 times
A - . . ' ..

Amount dissolved I 26+ 2g I 28288 I ' 30.3g I 33.05¢ l 3548

v;,(i) How many grams of substance would

you expect to dissolve if you

3§

stirred 12 times per minute?

3y

e

2

3

i) If you wanted 314g to dissolve,
: how many times would you have to

stir in one minute ?

The following data was obtained and is gravhed :-

Examine table below. What conclusion can you come to about the rate
of dissolving the crystals in relation to size of crystals when
téhperature and rate of stirring are kent constant ?

Type of "FINE" |  mEpIUMe "COARSE"
Crystal :
(Tenp. ) .

0% : 118 o102 79
10°C : 147 : ' 1127 96
20°C 192 . 148 112
30°C 242 174 127
40°C 297 - 192 14
50°C 44 228 158
60°C o 421 251 176
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12

(1)

(ii)

(iii)

(iv) .

(v)

Which is the fastest in dissolving:-
fine/medium/coarse'?

Estimate the minimum temperature
required to dissolve 200 g of
"fine" crystals of the substance.

If this temperature was the temverature
of a saturated solution with coarse
crystals instead of fine, what weight
of coarse crystals would dissolve ?

What is the minimum temperature
required to make a saturated solution
with 150 g medium crystals dissolved
in 100 ml water?

How much higher than in (iv) would
the temverature have to be if 150g
of coarse crystals were dissolved
in 100 ml1 of water ?
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INTERPRETATION OF GRAPHS

411 answers are to be given on the attached sheets of squared paper.

(1) From the given graph you will seec that intelligence seems "to reach
the top of the mountain" around 25 years of age and to go steadily
downhill after that.

If intelligence was replaced by enthusiasn for pop music, draw

what you think the graph would look like.

(2) Locate, and join as instructed, the following points on a
rectangular coordinate system. »
Join (1,1) to (1,5) to (3,5) to (3,4) to (2,3) to (1,3).
Also join (2,3) to (4,1).

What shape have you formed?

(3) Su)pose you have a total of 5p, made up of pence and half pence.
How might this sum be made.up? Complete the teble started
for you. Locate poinﬁé of a coordinate system to find the
relation between the numbers of each type.of coin. What shape
of graph have yéu formed this time?. v
A point P,‘has been marked - does it lie on the graph? Do
its coordinates have any meaning? Should you join the points

you located?

(4) “The first graph represents sales figures for 1971 and 1972 for
packete of 'Per.,tud.i Bissuits vkile the seconl graph represents
the figures for packeté of 'Suggestive' Biscuits. What is
the change in nuaber of sales for each graph from 1971-19727?

Which product is in fact more popular?

(5) Figures have been obtained for calculating the rate of growth

of a plant.

No. of weeks 0

Height in ins. 0

_pl-; _pl_a
—-— —
—-— —

S o

M—P Nl—"
e S N
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Draw what you think is a graph of the growth of the plant.

Then calculate:- (i) the rate of growth of the plant

(ii) what height the plant would be’ after
three weeks if it continues to grow at

the same rate s

(iii) what is missing in the graph ?

Here is a graph called 2 cooling curve. It shows the temperature
of a body (say a nmince pic which has been in a very hot oven)

allowed to cool in a roow at a temperature of 15°C. .

(1) After 10 minutes of cooling what temperature is the pie?

(ii) How long does it take to cool right down?

When a substance is dissolved in water, the amount which dissolves
in a given timc depends on the temperature, the size of the
crystals used and the rate of stirring. - The following data was
6btained for a substance (grain sizec and amount of stirring/min.

were kept constant).

Tenperature | 0°Cc 10°C 20°C 30° 40°C 50°C 60°C
A nount of substance
dissolved in 100 ml 15 22g 32g 45¢ 60g 80g 102g

of water after 5 mins.

Draw a graph to represent the solubility of the substance.

(i) How many grams of substance dissolved'ih 100 ml‘of
water at 30°C ? | '

(ii) How nany gr:ns of substance would dissolve in 100 nl

of water at 55°C ?

(iii) If I tried to dissolve 65g of substance in 100 ml of
water under the samc conditions, what temperature would
be required? If this solution was cooled to 10°C

how much substance would be thrown out of solution?

(iv) C.n you estimnte, from the graph, how nmuch substance

would dissolve in 100 ml of water raised to 70°C ?
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(8) In general, solubility of a substance increascs with temperaturc;

for some solids, increase is greater than for others.
Comparison in solubility for two or more solids can be nade
by use of a graph cnd indeed & mixture of two substances hay
be senarated by naking use of their differcent sclubilities.
The given graph represents the colubility 5f NaCl.

Dota - for the solubility of KC1 at different temperatures

was obtained:-

Amount of substance

dissolved in 100 ml |28‘1 313 347 376 405 43+2 458
of water i
Tempora turc | 0°c 10° 20°C 30°C 40°C 50°C 60°C

Draw a graph of this deta on the sane set of axes used for the

graph representing the solubility of NaCl.

(i) 10 ml of water is used in making saturated solutions of
each substance at 60°C.  One ml. of éxch solution was
out on separate watchglasses and crystals were obtained

by evaporation. In which case was there more $01id?

(i1) a0 g of each of NaCl and XCl was added to separate
samples of 100 g of water. . Bach nixture was heated
to 50°C and kept at that temperature for some time.

Which substance would have completely dissolved?

All known radioactive isotones follow the same péttern of
decay; theré is for each a period of time required for its
radioactivity to drop to half of its initial value - this
léhgth of time is the half-life. It always has the same value
for a given isotope whatever fhc:conditions of tcmperaturg,

pressure or nature of comwound including it.

Here are a few points on the graph showing how rate of dis-

integration of radon 220

86 Rn decrcases with time - can you

complete the araph?

What shape is the zraph?

: 220 ‘
Suppose you started with 50z of 86 Rn - vwhat would the graph

of its decay look like?



L

(10) To indicate how 'fast' a reaction can occur, let us sunpose a
marble chin is put into some dilute acid and veighings are made
at regular iatervals of tiue. If we graph total loss in weight

against time, we would expect to get the graph given.

If the experiment was repeated with a marble chip of the same
mnass, nov ground into small fragments before starting, how
would you cxpect the graph to alter? Draw in as a dotted line

-what you would expcct, and cun you explain?

(i) How long would you expect to wait for the reaction to go
to completion if the same mass of marble in any form was,
used?

(ii) If doublc volume of acid had been used with original chip,

what would you expect to find 2

(iii) If more concentrated acid was uscd instead, what would you

expect?

U1) The gravh represcnts the distaence a golf ball is from four

successive holes of Cqudi length in a round of golf.

(i) On which stroke and at which hole did the ball travel
farthest? '

(ii) At which hole did -he play best?
(iii) 4t which holc did he have the longest drive?

(iv) At which hole did he have thc shortest putt?

-

(v) ‘Vhen did he play his worst shot?

(Vi) At which hole did he have his maximum score?

(12) Some white solid substance in = boiling tube was melted by
immersing the tube in a beaker of hot water. ihen the substance
had been liquid for some timé tho tube was removed fron the
hot water and allowed to cool in the atmqsphero. The substance
remaincd liquid. The tube was then plnéed‘in a beaker of
cold water and a crystol of solid was added. The graph shows

readings of teaperaturc of contents of the tube and tine.



(1)
(ii)
(iii)
(iv)
(v)

(vi)

At what tinc
At what time
Whea was the
When was the

Iow long was

putting into

ilhen was the

-7 G
did the solid begin to nelt?

was the solid completcly molten?
tube renoved froa the hot water both?
tube i.mersecd in cold water?

it_betwcen taking out of hot water and
cold?

crystal of solid added?

(13) The results of an cxperinent where the rcaction of picces of

Ca with water was investigated are as follows:-

Weight of
ca (g)
0+03%2
0050
0-054
0061
0-070
0-082

0108
0108
0+120.
0149
0-176
0190

Volune of hydrogen
(cm3) evolved

20
30
31
37
42
40
65
. 58
66
70
90
115

Draw a graph to represent the data.

(1)
(ii)

Can you explain the positions of the points located?

How nuch c~lciwa would have to be used to produce-1

‘mole of hydrogen gas (24 1 at room temperature and

pressure) 2
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CHAPTER 4

RATIO AND PROPORTION _ WHAT THE PUPILS CAN AND CANNOT DO
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41 Introduction - Conceptual development

Many topics in Mathematics which are linked to Chemistry appear to

be conceptually difficult because there has been a shift of emphasis from
the development of computational skills in Mathematics to conceptual or
meaningful learning of the subject, and therefore it is imperative that
development of the Mathematics is in a logical, practical and psychological
order.

Piaget's developmental theory for intellectual growth can be used
as a model for understanding educational processes. Shayer2?7suggests
Piaget's stages correlate with mental age rather than chronological age.

Lovell 28suggests the following stages based on Piaget:-

1) Up_to age of 6, the child interacts with persons and objects and

experiences varied situations, i.e. his knowledge of the world is

abstracted directly from objects, rsons or events.

logical, i.e. he can classify and seriate and is entering the

period of concrete operational thought.

exact relations between mental actions which bear directly on
things. He forms first order relations which are inadequate

for concepts required by science.

4) At 14 - 15, the child develops deductive ability in his thinking.
He can form second order relations, i.e. can set up a hypothesis
and deduce what would happen if it was held true. He is entering
the stage of formal operational thought.

One /
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One characteristic feature of this stage is that the pupil is
restricted to relations with one variable at the beginning of formal

thinking and later can work with one variable while others are

held constante.

The research embodied in this chapter endeavours to find out if
there is an absence of the hypothetical formal thinking required in
Chemistry and Mathematics courses, in particular for the topic of proportion-
ality - +this being, perhaps, one of the reasons why this topic is

conceptually difficult for pupils.
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4+2 Difficulty Aspects in Ratio and Proportion

It is difficult to assess how far education can advance the onset
of the stages in development stated above, and so it was decided to try

and define areas of difficulty in Ratio and Proportion in terms of -

i) Mathematics involved - either by acquiring a technique or in

understanding an idea
ii) Education involved -  the teaching process

jii) Psychology involved - either a motivational problem or indi-
vidual differences in ways of forming

abstract ideas

Piaget29 defined proportionality as a qualitative structure that
facilitates the understanding of complex physical systems containing many
compensating factors or forces.

Piaget and Inhelder29 suggested that density and volume conservation
are principal indices for concept of proportionality as both presuppose

the same cognitive skill.
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4¢3 Topics in Chemistry requiring Mastery of the Technique of Ratio

and Proportion

1) The gram, atom and mole require the concept of proportionality. The

6
mole concept has been investigated by I.M. Duncan and he has made
the recommendation that the mole has too high a conceptual level

for pupils in S3.

2) Atomic weights which are introduced as 'proportional' averages.

3) Processes of neutralisation and precipitation involve the use of

proportion technique to calculate the volume of a given molar

solution when a balancedegquation is used.

4) Simple volumetric work involving acids and bases requires proportion

in the calculation of an unknown molarity or of an unknown volume.
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44 Design of the Test in Ratio and Proportion

It was decided that the test must :-

1) be relevant to the curriculum structure of the school

2) allow pupils of wide ability range to attempt answers which

they felt were satisfactory

3) be designed to measure mental processes of the pupils! in
relation tc the immediate area of study since recall was

no test of mental ability.

The test constructed was objective and had 54 items; 24 were
mathematical, some of which involved the schema of ratio or arithmetic
series or geometric series and the rest the schema of proportion; 20 were
chemical, the majority of which involved proportion and some were analogous
to some of the mafhematical ones; the remaining 10 were physics, 9 were
based on two Inhelder and Piaget experiments where the ability to translate
visually and verbally was imperative before understanding could precede a

solution involving ideas of Ratio and Proportion.

4.5 Aim of the test

The main aim of the test was to find out what the pupils could
do and also to obtain an order of merat for the test as a whole, for the

Mathematics 'proportion' items and for the Chemistry 'proportion! items,

i.e. to obtain a measure of mathematical ability and related chemical
ability., The secondary aim was from en item by item analysis to define

a 'breakdown point' in the pupils' attempts to answer a proportion problem

in Mathematics and in Chemistrye.
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4+6 Construction and Administration of the Test

Most forms of testing require an ability to read fluently with
comprehension and an ability to hold the questions' information in mind
while formulating an answer. Therefore, a pupil must be able to visualise
mentally, read and write, or he must possess reading ability, visual
imagery, recall and thought processes and writing ability. Research at
Heriot Watt University ? suggests that objective tests are possibly
biassed towards students of high wrbal ability.

To help eliminate most of these factors, the test would have to
be given verbally, any apparatus should be there and operable, data called
out and liberal use of simple diagrams provided. In this instance, any of
these suggestions were not practical as schools used for the investigation
covered a wide area and reliance was placed on the class teacher to
administer the test.

Bearing all this in mind, the test was constructed so that items
used simple language in the stem, responses were numerical whenever possible
and diagrams were explicit. The test was an instrument for measuring
ability to handle proportion and the necessary pre-requisite concepts of
ratio, volume, area, and series. (The test is in the Appendix, p118)

The test was given to a total of 345 5S4 pupils in nine randomly
selected schools. The pupils were pre 'O' grade Chemistry and 'O' grade
Mathematics or Arithmetic. The time allowed for the test was one hour.
Pupils answered items by writing A, B, C or D on an answer sheet. Their
responses were then transferred to computer cards and a complete analysis
Was done by computer. A ‘don't know' option was not provided for each

item since the main aim of the test was to obtain an order of merit - if

Pupils did not know what a response was, they left a blank.
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47 Results of the Test

The computer printout of the results of the test gave the following:-

For each pupil -

i) his score on the whole test
ii) his score on the items which were mathematical and involved
ratio and proportion
iii) his score on the items which were chemical and involved ratio

and proportion.

For each item -

i) the frequencies of responses for A, B, C and D and of number
of responses
ii) the facility value, i.e. the fraction (expressed as a decimal) of
the candidates choosing the key or correct answer
iii) the discriminating power, i.e. the difference between the
facility value for the top third of the candidates (on the

test as a whole) and the bottom third.

The item results were recorded on the test copy - see Appendix

P 148 -
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48 Analysis of the Results

For each school, the mean score and standard deviation were

calculated for the whole test for the Mathematics items involving ratio

and provortion, and for the Chemistry items involving ratio and proportion.

The table below shows the results for the nine schools.

School Number of

Pupils
1 16
2 6
3 50
4 50
5 55
6 58
7 44
8 19
9 47
TOTAL 345

From /

Whole (__) MathS(_
Test ‘54 Items 15
X = 2937 1006
s = 6412 2.82
X = 3000 9.83
s = T-92 3-54
X = 3348 1118
s = 654 3.03
X = 37-42 12450
s = T35 23
X = 32442 10-80
s = 6445 2.84
X = 33-76 11443
s = 636 2+44
X = 29:75 9+80
s =10-20 366
X = 40-47 1258
= 588 224
X = 3068 10-70
s = 685 287
X = 33-21 1111
S = 7’72 2'94

Table 4-1

Chem. (—
Items 15

7+50
2448
817
337
872
2464
9+72
337
7462
2+33
8+76
276
7-48
3+53
124%2
2+69
7-98
3.01

857
311

Difference between
Maths and Chemistry

Significant at 1%
level

Not significant

Significant at 1%
level

Significant at 1%
level

Significant at 1%
level

Significant at 1%
level

Significant at 1%
level

Not significant

Significant at 1%
level

Significant at 1%
level
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From these statistics, it was possible to test the null hypothesis -

Ho : There was no difference in the mean scores for the whole test for the nine

samples used i.e. By = by = p3 = esessecsse = u9

against the alternative hypothesis -

H1 ¢ There was a difference in the mean scores for the whole test for the

nine samples used i.e. 1 ¥ by # cecceccee ¥ My

This test was done using a one-way analysis of variance technique. The
result of the test showed that the calculated F8,336 value was significant
at the 1% value and so Ho was rejected as a true statement and H1,was
accepted.

The test of Ho was repeated using only the results for schools 3,
5, 6, 7 and 9 which were kaown to be comprehensive and where N )» 30. 1In
this case Ho was accepted as true and H1 was rejected. This meant that
for the 'comprehensive' schools presenting samples with N » 30, the
independent samples had been randomly drawn from a normal population with
equal variances and there was no difference in the mean scores for these
Samples. i.e. The samples used with N ) 30 were sufficiently representative
of the total school population, in that they formed a homogeneous group.
(Note that school 4 was omitted since it had only just changed to being
comprehensive from being selective.)

The one-way analysis of variance test was made on the results for
the Mathematics part of the test for schools 3, 5, 6, 7 and 9, and on the
results for the Chemistry part of the test for schools 3, 5, 6, 7 and 9.

It was found that -



1)

2)
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There was no difference in the mean scores for the Mathematics part
of the test for schools 3, 5, 6, 7 and 9; i.e. these schools
presented samples whose ability to do Mathematics proportion problems

was approximately equal.

There was no difference in the mean scores for the Chemistry part

of the test for schools 3, 5, 6, 7 and 9.

In making further analyses of the results, the following assumptions

were thus mades-

1)

Scores were sampled at random

From normal populations

With equal variances

The different samples from the nine schools were independent
For N » 30, the samples used had approximately equal ability in

Mathematics and approximately equal ability in Chemistry.

Pupil scores on the whole test were compared with scores on the

Mathematics part and on the Chemistry part by calculating for each school

Pearson's product moment correlation coefficients. Results were as

follows:-

School /
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School Number of r for total r for total r for Maths
Pupils ve. Maths scores v. Chem. scores v. Chem. scores

1 16 0-84 0-76 039

2 6 0-96 0-88 087

3 50 083 073 043

4 50 079 0-88 0+59

5 55 0+87 0+65 0-44

6 58 0+83 0-79 0+61

7 44 0+89 0-91 0-72

8 19 074 0-805 0-47

9 47 077 074 0+42
TOTAL 345 Overall 0+86 0+83 0+58

Table 4-2

Values for r indicated that Mathematics scores and Chemistry scores were
alike with respect to accuracy in predicting the total score for the test,
i.e. Mathematics and Chemistry were of equal importance in prediction of
the total score. For two schools, namely 1 and 8, the value of r for
Mathematics v. Chemistry scores was not significantly different from r = O
at 1% level using tables 4 but it was considered reasonable that this

was due to sampling fluctuation since in both cases N was small (i.e.<30).
In all other schools the sample r values were significantly different from
zero at the 1% level and so were overall values for r, therefore the chance
explanation of the results was rejected. There was, however, a noticeable
drop in the value for r in the last column compared with the other two for
each school where N ) 30 meaning that the 'tie-up' between Mathematics and
Chemistry scores was not as good as each with the total score. i.e. A
'good' score in Mathematics did not necessarily imply a 'good' score in
Chemistry. A scatter diagram - see {30 Appendix - showed more clearly

the Mathematics/Chemistry scores relationship.

Consistency /



-1C9-

Consistency of measurement is the extent to which test scores
were free from chance errors and this measure of reliability of the test
was calculated from the figures in Table 4-2. The coefficient of
reliability calculated was the split half coefficient of reliability.
This measure of internal consistency indicated how the test placed each

pupil releative to others in the sample. The formula used was :-

21%%_ T4 measure of reliability of the

1 141,

§%_ whole test

correlation coefficient between

£z

the two 'half' tests, in this

case the Mathematics and

The value for r11 was 073
Chemistry parts

A further check was made on the reliability using Kuder Richardson
nethod based on the consistency of performance on items which were scored
dichotomously. This was done since there is often unreliability in measures
obtained by using a multiple choice test. Here item statistics were used

to calculate the reliability coefficient.

)

n Oy —&Pa n = number of items

r., =" ————————

KR ot 0t2 o, = standard deviation of

total scores on the test

p = proportion passing each
The value for TyR was 085 item
q = 1 -p = proportion

failing each item

The values for T and TrR showed close agreement and thus it was
assumed that the test was a reliable measure of the pupil's ability to do

Problems /
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problems involving proportionality. To establish the validity of the
test, a correlation between test scores and an external criterion, e.g.
'0! grade scores, would have to be made. This was done in 4°9, for three

out of the nine schools who provided the necessary information.
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Within School Analysis of Results and Comparison with '0' grade

Preliminary Scores

The mean scores in Mathematics and Chemistry for pupils from the

nine schools were compared using a 't' test?awhere N €30 or a 'z' test 33

where N » 30 -~

see Table

41 for data.

In seven out of the nine schools

the mean score for Mathematics was significantly better at the 1% level than

the mean score for Chemistry (refer to Table 4¢1).

It looked as if the

overall picture from the test results was that a significantly higher

proportion of pupils had the Mathematics items correct than had the Chemistry

items correct.

Three schools out of the nine provided enough information for the

pupils' performance in the test to be compared with their school performance.

The following table shows the results.

Paired Correlation Coefficients (product moment )

Test
Total
Score

Test Maths Score

Test Chem. Score

Maths Exam Score

Chem. Exam Score

Test

Total
Score

0+79(0+74)[077]

0+88(0-805)[0+74 ]

0+60(0+61)[0+46]

0-46(0-44)[053]

Test
Maths
Score

0+59(0-47)[0+42]

(]
0+42(0+71)[0-36]

Test
Chem,
Score

(%)
0+54(0+23)[0-55]

Maths

Score

0+75(0+58)[0+58]

Chem.,
Exam
Score

Unbracketed /

Table 4°3
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Unbracketed figures - school 4 N =44

Figures in round brackets - school 8 N =19

Figures in square brackets - school 9 N = 32

(8], = 0-36 is significantly different from r = O at 5% level

(%) . = 0-23 is not significantly different from r = O at 5% level

r

The values obtained for r are significantly different from a true
r of zero at the 1% level in all cases except for those indicated.

The results show -

1) HMathematics scores in the test and Chemistry scores in the test

correlate highly with total scores in the test.

2) Mathematics '0' grade preliminary scores and Chemistry '0' grade
preliminary scores correlate well with the total score on the

test.

3) Mathematics scores in the test and Chemistry scores in the test
correlate well with Mathematics preliminary scores and Chemistry
preliminary scores. An investigation was also made into the

relationship between the scores of boys and girls.

4) Boys' scores in the test were significantly higher than girls'
scores but the samples involved were too small to make this a

general conclusion - this was true for schools 4 and 9 only.
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410 Conclusions

1.

2.

4.

5.

6.

Ts

Verbal ability is not necessarily needed in mathematical thinking but

appears necessary in translation of chemical terms.

Items involving the schema of ratio were done satisfactorily since this
is a ‘concrete' concept but those involving the schema of proportion,
which is a 'formal' concept were not all done satisfactorily since

the schema is not available in all situations at the same time.

Pupils who solved a mathematical problem using proportional reasoning
did so quite mechanically using a technique like, "if you double
this, you double that", or they multiplied and divided because this

procedure gave them the correct response.

The level of understanding required in the proportionality concept
is such that regardless of teaching method, many pupils will never

fully grasp the topic by the time they reach sixteen years of age.

In items where the solution required the application of inverse
proportionality more serious demands on the pupils' understanding

were made and results were poorer.

In 'proportion' problems where numbers were 'simple' performance was
all right, but when numbers used in a multivariate situation were not
easily imaginable or not within concrete experience the pupils'
problems were great - this was most noticeable in stoichiometric
problems where for constant molarity, volume ©f number of moles, and

for a given number of moles, volume X y
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7. In failing to answer correctly a proportion problem there are the
factors of reading ability, visual imagery and recall and thought
processes. all entering, therefore it is difficult to define one
reason for pupils' inability in transferring the 'proportion'

technique from Mathematics to Chemistry.
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4+11 lModifications to the Test in the light of the Analysis of the Results

1e Items 1, 2, 35 and 52 have discriminating power‘( 0+1 and therefore do
not function as objective items in obtaining a good order of merit
- therefore omit. In 35 and 52 the frequency of responses for A,
B, C and D suggests that guessing has been the operative procedure

in choosing a key, which means the items are not good ones.

2. Item 34 has a low facility value with good discrimination. Compared
to the statistics for item 35, it might be suggested that pupils
were not really familiar with the terms 'mole', 'gram' and 'volume'.
To re-test this, either leave out the given equation or re-write in
ionic form which is more familiar with pupils and obtain unbiassed

results.

3. In 'proportion' problems make sure only one factor is changed at a
time and gradually introduce multivariate problems in Mathematics
as well as Chemistry so that the actual breakdown point in transfer
of the proportion technique from Mathematics to Chemistry can be

found.

4. In items where apparatus is used, for example 21 - 24 and 45 - 49
inclusive, describe the practicalities of operation more fully.
For the Balance Experiment explain the Principle of Moments and
hence relationships involving direct proportionality.
For the Shadows Experiment explain the inverse proportionality
relationships and ensure calculations are done systematically from
the screen or the light source.

By /
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By so doing, the problem can be defined as one of verbal/visual or
pronortionality calculation.

These experiments have both been used by Piaget and Inhelder 35-
they found the Balance Experiment required concrete thinking 24/B
level and the Shadows Experiment required formal thinking 2B/3 level.
If presented in a more perceptual form, then we could establish if

direct or inverse proportionality is a sole measure of difficulty.

5. In items 40, 41, 42 and 43 change one distractor to include the answer
that would be obtained by calculating using the inverse of the
correct ratio,

e.g. 41) What volume of 4M NaOH will neutralise

A) 125 ml
B) 500 ml
9
1 1 of 1M sto4 7 c; > 1
D) 41

From test results - in seven out of twenty-three problems involving
proportion in Mathematics or a parallel chemical situation - there
was a significant number of those wrong who chose the response
obtained by using the inverse ratio of the correct one in the

calculation.

6. In general, problems will be presented so that they can be clearly
defined as concrete or formal. In the original test, problems
which in descriptive terms were meant to be concrete, were to the

pupils formal in terms of the process of visualising relationships

between variables.

Iﬂ_éﬂg_gg s It is obvious that Mathematics proportion problems are done by

rule of thumb or using mechanical technique and it is thought

that /
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that similar chemical woblems are difficult for pupils because
they involve intensive properties, visualisation and verbal
ability before the mechanical technique can be applied. In
Chapter 5 a modified version of the test will be used for

further investigation.
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(B)
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(D)

FoVoz
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Is it ¥ (&)
{(B)
(c)
(D)

F.Vo=
D.Po=

(&)
¢:)
(¢)
¥ (v)

Is it

F.V.
D.P.

By calculating the missins areas, what is the value of each ratio of areas s

¥ (1)
(3)

F¥eguenc*
spot
5 1‘2
4% 2
4 310

3 32
0.89
0.05 -

3 295
46 27
6 b
9 19
0.85
0,04

30
58
105
152

0.bh
0034
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| [
. ' I U0 T S .,.,..“ [-___. (A) 1%,; 33
SRR R et e R S dven ‘ s |
NS RN _M‘ii oot 1p 2xiaof cqual to (8) {: 2k
1 | g L hrea of ¥(c) A 281;_
I Azl | () 1 4
Ak 1] ,L_-l,.w-w.-- F.Vo= 0.82
) ) S D.P.= 0.32
Which pair of numbers is the next fwe numbers in cuch of the folliowin: series?
(5) P ET 15+ + () 20, 27 4
(8) 19, 26 26
x(c) 19, 25 312
(p) 20, 26 3
F.v.= 0090
D.Po—- 0011
(7 1 +5+25+ 125 + + %(a) 625, 3127 312
(B) 250, 500 28
(c) 129, 149 5
(D) 100, g O
F.V.— 90
C D.P.= 0.123
(8 + TrmE ¢t + (4) "9",‘5 1
¥(8) -, 1 29
24’ 173
(¢) L. 1. m
22' 36
() o 1. 37
36" 72
FoVo= 0085
" DoPe= 0426
(9) P41 424345+ + (8) 5, 6 &
(8) 17, 10 51
(c) 6,8 10
- Y8, 13 0
k@Y. Soim 26
. D.P.= 0.26
\ . &. + 2 + + ¥ -1-0. ;/..:. 260
(10) 2+5 43 (2) 21" 1.
: 10 12
A
(3) 127 15 2
0 1%
(c) 117 37 9
1 32
. () %, 22 ¢

e —————
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Given, :
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1 +2+2+44+34+8+4 4+ 16 + +

(a) 7, 25 a7
*(B) 5, 32 24
(¢) 11, 41 k2

(D)

6, 27 35

FV.= 0,72
D.P.= 0028

it Mty e B B B e S e S Rl
i ! i | Pl L I
S e -1~ i T = e
' 3 %ol SRR SR G o il o :%,_,_ P } f i i/.‘f- 5 L.L.....«
A 'f - 3 L ! - ,,i_;“_p_._._;____...Hmy,jh.gék_._
O T e
- é'f‘ . - ] /;:i I I BN LS ETCP R B B R
| G 2%“’ LI PR I R A'FA
=1 Vi |ty i
+ s ..L_ [ B _T_— SO G ’ : I
i [u%-ﬂ_». N SO USRS S ,MM~,NWM_N+ e ,4~m,)4 = —
: LA S i | i ]
I Volune of a equel to (a) 2 2k
s e
7 Volume of b b (8) 2 18
1
C) -~ 1
(c) R
*(p) * 288
F.-Vo: 0.83
D,P.= 0,31
Volume of b wal to (a) '8 22
et et e 1A
?_Volume o e -2 *(B) % 288
() 16
(p) 1 13
16
F.V.: 0.8!{'

D.P0= 0035_.‘___...,,,.

The ticket for a 24 mile journay costs 40p. What -

shquld a ticket for a 6C mile journey cost?

if 1 mole of sodium chloride has mass 58+5 g, vhat

is the mass of 0¢2 moles?

¥

2
FQ»VQ': 009
0.1

2
?o = 0_75
L) 14177¢g 32
(8) 117 g 266

(¢) 117 ¢

13-

(D) 232+5 g28

F.V.= 0078
D0P0= 0043
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(16) A train travels 45 milcs in 7 howr.  If it muintaing
the same average sveed, how long will it tale 4o travel

60 niles?

, 8
(17)  An electron travels at 1+5 x 10 m in 1 secopd. If it
maintains the same average spoed, how far would it travel

in ten minutes?

X(&) 1 hous322
(B) %S-hou.r?

(2) g-hour 10
o i

(b} ¥ hour S

F.V.= 0,94

(8) 145 x 10733 |
|
l

i
1

(B) 90 x 106m 101,
(c) 15 x 1O7m 7

10 ;
*(p) 9 x 10 =197

F.V.= 0.58 ;
DoPo= 0059 :
i
A 100 ml of 1 HCL reguires 12 peilets of solid HaOE for neutralisation.
(18)  tow many pellets would 150 ml of 1M HC1 require? (n) 5 7
(B) 7% 5
¢y 8 .11

(19)  How mony pellets would 100 ml of %4 HCL require for

neutrulisation?

t

How mony pellets would 29 ml of S HCL require for

—
n
<

~

neutralisation?

s 4t b st 5

X (p) 18 321

_F0v0= 0093
D.P.= 0.23

(A) 4 b6
() 15 6
R(c) 3% 284
(@ 24 9
F.V.= 0,83
£§.=30.3435 »

X(3) 15 265
(c) 60 2&;
(p) 240 20!

FeVo= 0077 .
D*E:?«9194M_¢
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®t's suppose a buzlance type of this kind has been set up and we want to investigate i

Yy using detachable scale pans when balance iz effected.

15 and 20 are availablie for use on scale pans of negligible weight.,

(21)

(e3)

If 2 10 unit veight is on left hand scale pan in the

position shown, wiich weignt would be required
right hand gecale san in the position shown for

take place®

If the scale pans rewain in the same positions
units are on snhe left - .what weight would be

on the right?

If we had ocne §

on the

halance to

and 5

required

wnit weight oa the left pan and one 15

uanit weight on the rigut pan, where could the scale pans

be placed to effect balance,

For ease in responding, holes are numbered from the

“falerun out.

Weights of 5 units, 10 uniir,

D.P.= 0.67

(a) 3 53
(B) 10 41 ‘
(c) 15 38
X¥(p) 20 213
F..V.= 0062
D.P.= 0.53
() s 43
{8) 10 o7
(c) 15 20
(p) 20 8
F.Vo= 0079
JD.PQ= O.’+1
(4) 5 at 7 anuli9
15 at 3
B) & a3 10 an:
(8) f5 at 5 S {
i
(c) 5 at ¢ ?
and 15 at 2 38 i
' |
%(d) 5 at 9 196
and 15 at 3
FoV.= 0,57 i
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Q4) If wve now had 2 scale pant on the left hand side, and only (A) 10 units 20
onc on the right, now could balance ve oLtzined when 5 units | in position &
vere in the pan at position 1C and 10 wuits were in the pan  %(3) 20 site 187
at position 5, betn on the left. The right pan weould need - in pesition o

78

(¢) 15 urits
ion 7

in posit

(D) 10415 units
in position ©

- 5h
e FV.= 0.56
A D!Pz; 0,49
Using a similar method of reasoning to that nceded for -
Honme ig to Italy ' _ Rome is to Italy
as Paris is to Frence ™ ' as Paris is to France
Oslo is io MHorway Norway is to Oslo
as London is to ' as is to London
What is the missing number in each of the following?
(25) 5 1 (a) 12 22
8 4 () 6 8
15 11 | *(c) 3 203
7 ? (0) ¢4 12

F.V.: 0088
D‘Pe% 0027

(26) 5 15 L (&) 54 7
4 12 *(B) 6 203
3 9 - {c) =z 28
2. 18 . . () 7 7
: FQVO= 0088
oL o= 0927
(27) 5 1 #@?A§ 15 270
717 - () 16 w7
4 1 (cy 7 16
6 2 () 13 M
FoV'= 0078
: » . D.P.= 0028
(28) 2 5 | | | (a) 11 a3
7 20 B } ¥%(3) ¢ 214
5 14 - | : (¢) 17 25
2 2 T (p) 8 55

F.V.= 0.63

Qg) / D.,P.= 0.52
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Given
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Kce) 123

45

(D) 1 ue
F.V.= 0.65
D.P.= 0,31
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Area of
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() If we take a known mass of Zn and stir it into an excess
of copper sulpnate colulion, then which atatoment is coyrect

for the reaction :=

Zn + Cuis > 250, + Cu ,

)

;((A)‘Every nole of Zn gives 8 nolz of Cu 1“}

(B) gvery gram of Zn gives a grar of Cu,53§'
J

(C) Yeu cannot tell from the sivon §

information. 88

(D) Every vclume of Zn gives & volume
of Cu. 84

F.V.= 0.34

; . . . = |
() If we siirred a known mass of Zn into an E& AWHO&BZ‘ilvsr ;

—~
Skl Faa—

nitrate solution then which statement is correct? Vi

Equetion : Zn + 2Ag NG, - Zn(N03)2 + 24z

(4) You cannot tell from the gicwp : 52»1

information

(B) EBvery ;ram of Zn gives 2 grams g fig N

X% (C) Every gren of Zn gives a fixed mass 86

of Ag

of Ag.
F.Ve= 0.25

b
o - . ~ r o
(D) Bvery volume of Zn givex 2 volumes 114
i
I}

D.P.= 0,04

R

Wen & given 11 solution of MauH is titrated apgainst a given 1M solution of
i1, then,

NaOi + HC1 ~» NaCl + E,O

2
65) How many moleé of HalQH aré required to react with ' (A) % woie 26
1 mole of HC1? : ' ‘ M%(8) 1 mols 268
= . | (¢) 1% coles 18
i o (D) 2 weles 320
| Fi¥az 8.8
(37)  hat volume of 1H IaOH will neutrclise 2 1 of 13 HC1? (4) +1 45
. (3 11 41
(c) 111 25
() 21 231
——— SR F.V.= 0.68
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Given
2 FaOH 4 H 30, - Na,,50 g 20
(36) How many moles of NaOH are required to react with () ¥ mole 4O
1 mole of },30, ? (B) 1 mole 44
(¢) 1% moles 2
*¥(0) 2 weles 23€.
F.V.=0. 69 | ;
.= 0.4 '
(32) what volume of 134 FaOfl will neutralise 1 1 of 1K 32304 ? (1?0 550 m91 50 |
. |
(B) 11 95 ]
' (¢) 141 28 |
*{) 21 159,
Fv.s 048 PO
D.P.= 0,48
{40)  imat voilume of 1M NaOH will neutralise 2 1 of 11 1,50, ? (4) s00m1 32
(8) 11 45
(¢) 21 99
*(p) 41 163
F.V.= 0.48
) D.P.= 0,48
{41) WMzt voiune of 41 RaOH will neutralise 1 1 of 1M H,,SO4 ? *(A) 500 m1 154
() 11 Ly
¢y 21 67
(D) 41 L INE
o= 0,45
D P = 0,49
(42) Wnat voluwue of 4 NaCH will neutralise 250 ml of 24 1{2304 ? ¥a) o3¢ mi 137
(8) 500 31 109];
(¢) 11 57 |
(p) 21 37 |
FQVO_-: O.""O l;
. D. «= 0.3# ‘
43)  If 1 1 of 11 HaOH newtralises + 1 of H2SO , What is the ¥a) A 129 ¥
molarity of the K50, 7 ' (3) =2 152}
4 ;
(¢) =u 33
(D) 4 25
F.V.: 0038 '!
( Dopof 0011'1 g
“4)  If 20 ml of 2 H S0, neutrclises 100 =zl of NaOH, what is () 5 i 107 1
. ' b
the no » v nGi ?
| he molarity of thc HaGH (8) % M 122 |!
¥(c) % E 78
(p) 1M 33 |
_ FoV.= 0,23
T — —D;Pi=-0e 48— - |
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dere is a piece of apparailus which consists of a screen

e

. —

attached to a strip of wood

which has a light source and three moveable cardboard discs 1 em, 2 cm and 4 cum

in diameter.

discs the size of shadow on the board can be altered.

(45)

note the shadow size.

be positioned %o give a. shadow whose di

times the size in pos

(46)

diameter is three times the size in vposition

{47)

dizmeter is one third the size in position 3 7

\48) /

Where will the came disc have to

ition shewn?

Leave only the disc  diameter 1 cm in the position shown -

ameter 1=

wWnere will it huve to be to give a chadow whose

3

where will it have to be tc give a shadow whose

67

?

The cardvoord discs produce shadows on the board and by moving the

M) 2 152
(B) 5 39
Lwo (¢) 6 121
(b) ¢ 25
FoVo= 0045
D.P.= 0.24
3 132

(p) 1 152
F.V.= 0.26
D.P.= 0.12

Note: In item 45, there is no correct response given - it is 13 thatf;s

the answer so the nearest i.e. 2 was taken to be correct.
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If the disc diameter 1 cm is in vosition 5, where would

-128-

the dice 2 ca diameter huve Lo be positinned so that the

diameters

How could you

1

e end 4 em resprctively to obtain shadows whose

of shadews from the disce are equal?

diameters sre eqgual?

(4) Disc 1 ez
disc 4 cm

¥(B) Ddise

¢
(8311}

1

4
¥(¢) pisc 1 cu
isc 4 cm
(d) Disc 1 cm
disc 4 cn

FOY0= 0055

(me final experiment.

W
<>
<2

foa/

sesition the discs whose disneiers o

-

re

diameter
dianeter
diameter
dicameter
dizmeter
diameter

diameter
dismster

Given

S
TTTTTTTTSN

SR At Ut
T .
500ml of 13 ACY

Eow many welcs of HCL are there in the beuker?

wWh

a

t

is

&

the conesntration in g/l of this solution?

=

in
in
in
in
in
in
in
in

(a)
(1)
(c}

¥ (D)
Fov'= 0028
D.PQ= O. 12

W

o

-

W
35

61

vosition 2 znd

positicn €
poziticn 2
position 8
rosition 2
position 1
pesition 1
nosition %

2 and

7

12

1

At Wt C1 = 35.

-

2

X (n).
(B)
(c)
(D)

NS

(9]

D;Po= Ool"1

19
F.' o= O. l+7

(A 73 36
(c) can't teligz
(D) t&eiu 99

F'v0= 0038
DOP0= 0019

159
125
36

!



Jow add 500ul of water, thus

7 {

!

o

I T

!
| - o
— L/
500ml of 1i! HC1 + 500.*11 of water

(52) What now is the concentraticn in g/1 of this solution? (a) 365 6
(B) 73 30

* (C) 18s25 97
(D) ecan't tell

F V.= 0,29 127
| D.P.= 0,08
(53) What iz the molurity of the solution? *x(a) & 120
(B) 1 122
(c) 2 49
(p) 4 2k
F.v.=. 0037
. D.Po= Oo’”'}
(54)  How many moles of HC1 are there? ’ (1) © 20
(8) 1 W3
) 2 29
X(p) % 138
F.VQ= 0042
=== T T L T R T T S T S S T L T TR S = PePe=0498 =
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CHAPTER 5

RATIO AND PROPORTION - WHY THE PUPILS HAVE DIFFICULTIES.,
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5.1 Introduction.

The research outlined in Chapter 4 described exactly where pupils
in 84 have difficulties with topics in Chemistry and Mathematics 'O' grade
which involve the concept of Ratio and Proportion. As a result of this,
it was decided to investigate pupil difficulties much more closely by
talking to some pupils while they attempted to solve some problems in this
domain and find out why they had these difficulties.

As a result of this further more direct research, it was hoped that
reasons for the inability to solve problems in both Maths. amd Chemistry
involving Ratio and Proportion could be clearly defined and possible
recommendations for change in the syllabus or change in teaching method

could be outlined as a result of observations in the classroom.
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5.2 Experimental Design

It was decided to specify problems of graded difficulty in
Mathematics and parallel ones in Chemistry and to interview pupils
individually while they attempted to apply the technique of Ratio and
Proportion in solving these problems. Pupils were thus encouraged to speak

out loud and it became possible to categorise pupils into one of four types:-

1« Those who could see and do the problem instantly.
24 Those who could do the problem using a given format which they had
been taught in lMathematics but did not really understand and certainly
found their format difficult to apply to a similar chemical situation.
3+ Those who floundered and tried to form relationships with the figures
to obtain one of the distractors given.

4. Those who could not attempt to solve the problem even with help.

Thirty-one S4 mixed ability pupils from school 4 (See Chapter 4)
and thirty-six S4 mixed ability pupils from school 5 (see Chapter 4) were
used as subjects. These pupils were not the same S4 ones as used in
Chapter 4 but those of the subsequent year.

As well as the interview part of the experiment, pupils not being
observed individually at a given time were set a written test with objective
items. This test included the items used for the interviews and was
slightly modified for school 4 after use with school 5. The test is in the
Appendix, p.157, and the instruction sheet and a sample of tick sheets used
for recording responses in the interviews are in the Appendix, p.160.
Questions and aids given to pupils who were interviewed were specified on the
instruction sheet.

The written /
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The written test was designed so that #ems were presented in pairs,
with each Mathematics item followed by a closely parallel Chemistry one.
The final two items were stoichiometry ones and they gave for the parallel
situations of NaOH titrated with HCl and HZSO4 items of graded difficulty
so that the point could be discovered where the pupils' ability to cope

with a proportion problem broke down.



5¢3 Results of the Interviews for items 2, 4, 6, 7 and 9h) in the Test

Pupils' responses in the interviews matched well their resvonses
in the written test but from the interviews it was clear that in many cases
there was absence of reasoning or faulty reasoning or use of a rule of thumb
even when the correct response was selected. By recording a concise pupil
method from a face to face interview several channels along which pupils

travel in tackling 'proportion' problems can be specified.

Interview results with pupils in order of merit. School 4 results

are first, school 5 in brackets and second:-

Item 2 12 pellets of solid NaOH are required for neutralisation A. 8
of 100 ml of molar HCl; how many pellets will be required B. 16
*C. 18
for neutralisation of 150 ml of molar HC1? D. 62
F.V. = 097 (1-00)
D.P. = 0-09 (0-00)

Pupil /



Pupil

Score
21
20
20

20

19

12
10
9

9

14

13

13
12

12
1

School  Response

Year in
on Test Section Written
Test

1 Correct
1 Correct
1 Correct
1 Correct
1 Correct
1 Correct
5 Correct
3 Correct
5 Correct
5 Correct
5 Correct
1 Correct
4 Correct
1 Correct
1 Correct
4 Correct
4 Correct
4 Correct
Correct

1"
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Pupil Method and Comments

A&oB

Used 1 to 1 correspondence method with formab oo

4oB 10012

Changed format so that 09 then easy 15012 x

150
100

10012 so half more again is 18

10012
he

Difficult to write down. When given 1506 2

said 6 more was the answer

Slow to start. g X ']13 = }Zé =18

Half as much again, so 18
Half as much again, so add 6 to 12
Half as much again, so add 6 to 12

150 «»> 12 x 120 18 Quite easy

100 =
100 ¢ 12 x 150 . .
150 - 12 X = 100 - 18 D601de lf
bigger quantity - bigger number on top

No idea, so guessed it was 18

Find 6 for 50 then 18 for 150. Always look for
a common factor.

Add on half as much again of pellets, but don't
know whye.

Reverse variables so that:= 100 ml 1M HCl needs
12 pellets NaOH; 150 ml 1M HC1l needs 18 pellets

NaOH.

Tried to use unitary method. Divide 100 by
12 then multiply.

Reverse presentation to get in Maths format.
Really Jjust half added on.

Think it is 18; 100 — 12, 24 get 200, + = 6
100 + $(100) = 12 + $x12 = 18
12 for 100 . . half as much again, 18. Easy.

Several pupils obviously used a rule of thumb here but specified

first the format has to be gﬁ% . They could cope with the numbers given

but when /



but when asked to calculate number of pellets for 160 ml HCl there was a

great deal of confusion since a common factor was not so obvious. A rule

of thumb was not so easily applicable and so it was clear that many who got

the key did not understand the rule of thumb.

ltem 4

Pupil
Score

on Test Section

21
20

20

19

12
10
9
6

19

14
13
13

12 /

A 100 ml of 1M HC1l requires 15 pellets of NaOH for A. 5
neutralisation; how many pellets will 100 ml of 3M HCl B. 17
C. 18
i re?
require? %D. 45
F.V. = 0-90 (0-81)
D.P. = 0’27 (0.25)
School  Response
Year in Pupil Method and Comments
Written
Test
1 Correct 3 times as strong . . 3 times as many pellets
o o 45
1 Correct Used 1 to 1 correspondence method
15 «> 100 1M

Vi W U -

wm

Correct x <> 100 3M Same quantity . . 3 x 15 = 45

Correct %‘x %ﬁ = 45

Correct 1 xx=3x15 e« X =45
Correct Helped throughout, but eventually got 45.
Correct Multiply 15 x 3 as a guess. M means concentration.*

Correct M = 63 x 10SOme pOWer,  More pellets since more
M . . 45. Did not really understand. *

Incorrect Did not understand neutralisation and molarity.
Completely stuck.

Correct 1 for 15; +3 for 45 where O+1 = 100 ml x 1M.
Always multiply volume in 1 by M to get number
of moles.

Correct Answer is 45; don't know why, just a guess;
multiplied 15 by 3. *

Correct VUsed 1 to 1 correspondence method; 3 times as
strong - 3 times as many pellets.

Correct TUsed 1 to 1 correspondence method after told the
100 ml was irrelevant.



12

12

"

1

4 Correct 100 common so M is the only variable. 115,
3«15 x 3, This type of problem is only
difficult when presented in reverse.

4 Correct 1 «+ 15, 3 «» 15 x 3. Big words like neutralise
and requires, and awkward numbers confuse.
Likes to use a rule of thumb but does not

understand. *

4 Correct Chose answer of 45 from those given and therefore

spotted the relation in reverse.

1 «» 15, then no problem. *

1 Incorrect 3M takes 1'less e . l-of 15 = 5.

‘When given

Thought 1M

was stronger than 3M, gut did not know what M

really meant.

* Pupils' responses indicate that they had the correct answer but did not

understand how to calculate it, mainly because chemical terms were confusing

like M, neutralise and requires, but also because there is irrelevant data

which made the necessary data appear ‘'awkward'.

Item 6

Pupil
Score

22
22

20

A "slow motion" camera takes pictures at 72 frames
per second, and these are projected on a screen at
16 frames per second. How long will a shot of a

golfer's swing take when projected if it actually

A. 0-10 secs.

B. 10 secs.
%C. 2025 secs.

D. 25-+20 secs.

: | F.V. = 0-77 (0-56)
takes 0°+45 seconds to complete?
D.P. = 0-45 (0-08)
School  Response
Year in Pupil Method and Comments
on Test Section Written
Test
1 Correct Straight through mentally
1 Correct 16 = %% then ‘g x 045 = 2-025
1 Correct Confused about frames - when first part cracked,
she saw the rest.
3 Correct Used 'Equal Products' method. If proportion

19

16 /

format is used then there is a problem about

which way up to put the ratio.
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16 1 Incorrect 72 frames/second taken in 0-45 secs. .. 6%%—
frames taken - No! Try 72 <> 1
72 72 x 0'45 «> 045 = 32'40
3240 x 7~ - No!
16
Set out 72 <> 1 «> 3240 *

16 €51 > 2
30 the answer is 25:20 or 10 secs.

13 5 Correct Hard. <45 is confusing, could do for + second
then guess the answer. *

12 1 Correct Helped with first part, then she saw the rest.
2

1 5 Correct %‘ is the number shown then multiply by 045

gecs. = 2+025.

9 5 No answer %2 is the time to show 72 prints, then stuck.
With 2 lot of help, reasoned out the answer by
comparing the number taken and the number shown
in a given time. *

19 1 Correct 72 x1 =16xx . o X=4°5 45 gecs for
72 frames to go; then 4+5 x 045 = 2-025
2
18 1 Correct 72 proper, 16 slower %g = 4% ‘then 4% x +45
. 72 _ 1 0 .
16 1 Correct No real idea, try = 43. *45 secs taking
time, therefore 2*6?5
14 1 Correct Divide 72 by 16 then multiply by <45
13 4 Incorrect %% = 4+5 -~ did not know why he did this.
i—g = 010 So answer is 0-10 *
O.
12 4 Correct 72 x ‘T%i Don't know why *
12 1 Incorrect Try 16 x 0¢45 then guess the answer is more than
2, therefore, 2:025 *
11 4 Icdorrect Slowed down by 56 when showed on the screen.
.17% = 4-5 x *45 = 2+025.
Did not understand ratio.
11 4 Correct 12 | 4-5 then 45 x 45 = 2025. Answer, 2-025.

16
No idea why; found words difficult.

There were clearly pupils who solved the problem, i.e. had the key,
but did not understand exactly what they calculated at each stage. Pupils

marked /



marked * belonged to category 3) p 133. Most of them were obviously trying
to reason from a chosen distractor backwards - randomly operating on data
chosen at random, or were looking for an obvious pattern in the numbers.

It was surprising that in this item some pupils used a fairly
sophisticated method of solution; they worked out the time taken to show
compared to the time taken to photograph. This was a factor 1 to 4+5 or
as some explained, it took 72 = 4+5 seconds to show 72 frames. This times
0+45 seconds gave what was required. It seemed as if, particularly in
school 5, the'pupils had met a similar problem in class and had been taught

a 'quick way' of getting the correct answer, with no depth of understanding.

Item 7 What volume of O+2M HCl is required to neutralise A, 20 ml

30 ml of O+3M NaOH solution? B 33 ml
XC. 45 ml
D. Need more
information
F.V. = 048 (0+33)
D.P. = 0:63 (0-50)
Pupil School  Response
Score Year 1n Pupil Method and Comments
on Test Section Written
Test
22 1 Correct Knew M was moles/litre. From equation there
was a 1 to 1 mole relationship but was doubtful
whether to multiply or divide first.
22 1 Correct Know from equation 1 to 1 mole relationship
x ml O«2M HCl neutralises 30 ml O-3M NaOH
1 -
5 010 |
Z_ 0. 0+3 = 0-009
100 0-2 T%U
0+2x
100 - 099
Helped and managed to solve.
19 3 Correct The numbers and the context put you off. M is

about concentration and number of ioms.

ig-: concentration. f% x 30 is required volume.

Really finding how much more and adding to the
original volume.

16 /



16

13

"

18

16

14

13

13

12

1
1"

In this item, pupils had real difficulties.
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03 «» 30 0.3 _ %
Correct 0+2 <> 2 52 x 30 = 45

Incorrect M means moles. Chemical terms confusing; once

she knew it was proportion, then,

02 «» 30 ml .,
0+3 «> 30::—-2 -%--1-8

Correct %%5 x 03 = 45

Correct *2 to *3 is a ratio, so you do it to 30, therefore,

45 is the answer.

Correct 30 ml O-3M NaOH = 30 ml 0-3M HC1 £ * 3
More HCl is required if 0-2M . . 30 x >

Correct No idea. Told 1:1 mole relationship.

'neutralise'. If it had been M then same volume

= 45 ml

0
30 x 6‘% = 45 which is the answer.
02
Incorrect Calculate 03 x 30 to find how much HC1l per
mole?
After given Nolarity No. of mls then mlculated
30 X 0‘2 = 4.5.
2
4 Correct No idea. Tried 30 x 3'. Words with no picture
: is difficult.
4 Incorrect No idea at all. Would try to make ratios, but
which ones?
4 Incorrect Totally confused.
4 Incorrect Did not know what +2M meant or 'require' or

of 30. The arithmetic is quite different from

that of Question 6.

Only 2 out of 14

(marked *) understood what they were calculating, the others had all sorts

of problems but mainly chemical language and notation ones, as can be seen

from the responses.

Item 9 h)

. Pupil /

When a given 1M solution of NaOH is titrated against a ,,
given 1M solution of H2804 then 5.
2NaOH + H2804 -»> Na2804 + 2H50 ‘e,

h) If 20 ml of 2M H SO4 neutralises 100 ml of NaOH
what is the molarity of the NaOH? D.

F.V. =

D.P. =

=

v w|—
=

-ghu

1M

0-45 (0-14)
0-90 (0+25)



Pupil School Response

Score Year in Pupil Method and Comments
on Test Section Written
Test
20 1 Correct Assumed 1 to 1 mole relationship and did

calculation mentally. When made to read the
equation he knew relation was 2 to 1 but could
not decide whether to multiply his answer by 2

or ¥ .
20 3 Correct 20 ml ... %’more molarity = 1 -'% = %'M, but
not sure.
20 ml 1M H2804 40 ml 1M NaOH
" 2 1] 80 n " "
n " " 100 ml %M ”
. S | « 2
19 1 Correct 5 times volume o« « —of M . . — M. VWhen made

to read the equation”he kmew relgtion was 2 to 1, *
« o double molarity . . 4 M
5

15 1 Correct Knew there was a 2 to 1 mole relation from the
equation 20 ml 2M H2804

20 ml 4M NaCH
then s tuck.

10 3 ‘Incorrect 2M = 2 molar 1M = solution in 1 1 o o 2M
- made up to ¥ 1. With help got LM in 100 mls
then stucke. Did not see any need for the *
equation.
10 5 Incorrect Found the chemical equation confusing.
20 _1 so solution is 1 n. *
100 5 5
3 5 No answer Did not know what molarity and mole meant. Had
no idea how to start it. With a lot of help
got 2 20
0-4 100
but really no idea.
18 1 Correct 20 ml 2M H2$04 neutralises 20 ml 4M NaOH.
But 20 =L x100 . .2m
5 5
18 1 Incorrect 2 of NaOH and 1 of H2304. If 2M H2804 and 2M

NaOH, then you would need 2 x 20 mls NaOH
e o € 2M. No clear concept of M, but knew

what neutralise meant.
15 Incorrect No idea at all despite aids. *

13 1 Incorrect No idea at all despite aids. *

1/

-—
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11 4 Incorrect Compared 20 and 100, 20 is 5 times stronger
than 100 . . Divide so 2
5 *

She had no clear concept that M was Mass/litre.
10 1 Incorrect No idea at all despite aids. *
Incorrect No idea at all despite aids.

8 4 Incorrect No idea at all despite aids. *

* Pupils who failed so see the 2 to 1 mole relationship from the equation,
or failed to see its relevance to the calculation.
There was again a lot of confusion about chemical terminology and

only 2 out of 15 showed they understood the calculation they made correctly.
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54 Results of the 'Written Test'

A computer printout gave for each item in the test, the frequency
of each response, facility value and discriminating power.

Schools 4 and 5 results for N = 31 and N = 36 respectively were
as follows:~-

FREQUENCY FREQ. OF FREQ. OF FREQ. OF

DISCRIMINATIN
ITEM OF RESPONSE  RESPONSE  RESPONSE FACILITY NATING

RESPONSE A B G > VALUE POWER
’ 0o (00 1 (o) 3 (%) o (0) 0-97 (1-00) 0-09 (0-00)
2 0 (0 o (o) 3 (%) o (0) 0-97 (1-00) 0-09 (0-00)
3 4 (20 o (o) o (o) 27 (3) o0-87 (0-94) 0-27 (0-08)
4 3 (6) o (0) o (o) 28 (55) 0-90 (0-81) 0+27 (0-25)
5 2 (1) g () 1 (1) 21 (17) o0+19 (0-47) 003 (0-08)
6 2 (10) 2 (2) 24 () o (2) 077 (0-56) 0-45 (0-08)
7 8 (6) 1 (2) 15 (1% 6 (14) 0-48 (0-33) 063 (0+50)
8a 1 (2 2 (3) o (0 1 (4) 0.9 (0-83) 0-27 (0-33)
8b o (1) 3 (1) o (2) %5 (%) o081 (0-72) 0-16 (033)
& 235 (25 1 (1) o (1) 4 (11) o0-74 (0-64) 0-55 (0°33)
88 25 (25 4 (1) o (0) 1 (6) 0-81 (0+64) 055 (0-33)
ge 25 (21) 5 (13) o (2) o (o) o0-81 (0-58) 0-55 (0-75)
8f 9 (12) 1 (9) o (1) 1% (14 055 (0-39) 0-71 (0-58)
8¢ 5 (5) 18 (16) 2 (9) 5 (6) 058 (0-44) 091 (0+67)
9a 0 (5) 3 (5) o (o) 25 (26) 081 (0-72) 0455 (0+33)
9b 1 (8 5 (4) o (3) 21 (21) o068 (0:58) 0:82 (0-58)
9¢ 1 () 1 (4) 4 (10) 20 (2) 065 (0-61) 0-82 (0-50)
94 7 (2) 15 (19 1 (4) 2 (9) 0-48 (0-53) 0:91 (0:33)
%e 10 (1) 12 (%) o (8 2 (1) 0445 (0-08) 0-91 (0°25)
9f 1 (10) 9 (10) 12 (3) 4 (6) 0-39 (0-28) 1-00 (0-17)
% 5 (1% 14 (14) s (3 1t (6) 0-45 (0-33) 0:90 (0-08)
%h 6 (16) 3 (11) 14 (5) 4 (1) 045 (0414) 0-90 (0-25)
Table 5-1

* indicates the key or correct response for each item

Individual /



=145~

Individual pupils' scores on the test were also obtained and these
were compared with their scores or grades from S3 Mathematics and Chemistry.
For school 4, Mathematics and Chemistry scores in S3 were provided and r,
the product moment correlation coefficient was calculated for the scores.
For school 5, Mathematics and Chemistry grades in 33 were provided ani[), the
rank correlation coefficient was calculated for the ranks of grades.

Results were as follows:-

Correlation between Correlation between Correlation between
SCHOOL Maths in S3 and Chem. in S3 and Maths in S3% and
TEST SCORE TEST SCORE Chem. in S3
4 0717 0-755 0-773
5 0+805 0612 0690

These figures indicate that in each school there was a degree of relationship
between Mathematics and Chemistry performance and the test performance.
411 correlztion coefficients are significantly different from a true
correlation of O and of 1 ~ this means we can say with a high degree of
confidence that population correlation coefficients, i.e. the correlation
coefficients for the same variables for all school pupils about to sit '0!
grade Mathematics and Chemistry, will be of the same order. In fact, the

95% confidence limits for the coefficients as they appear in the table are:-

0+484 - 0+717 - 0+853 0548 -~ 0755 - 0875 0577 = 0773 ~ 0885

04648 - 0805 - 0896 0+354 - 0612 - 0-782 0+468 - 0+690 - 0830

4s an overall picture, themean scores and standard deviations on the test for

Schools 4 and 5 respectively were:-

X

31)
36)

1471 (s = 5+69) (v

12.64 (s = 3-23) (v

>
i

The scores forschool 4 were negatively skewed and for school 5 were close

_ enough (from a goodness of fit test) to a normal distribution.
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5¢4  Pupils' Wrong Responses in the Written Test

The pupils from each school were divided into a top, a middle and
a bottom third on the strength of their test score. The frequencies of
actual wrong responses for all pupils in these categories were then recorded

in the following table for all items in the written test.

A - denotes a pupil who responded wrongly by choosing the distractor Aj;
B, C and D - denote a pupil who responded wrongly by choosing the
distractor B, C or D respectively;

NA - denotes a pupil who gave 'no answer' to an item.

Figures appearing in front of A, B, C, D or NA are coefficients and denote

the frequency of occurrence of that response.

Freguencies of Wrong Responses /




Frequencies of Wro Responses

Ttem 1 2 3 4 5 6 7 8 8 8 8 8 8 8 9a 9b 9 9d 9 9f 9g Sh
Top w:w&m = b 2B 4 " School
scoring
20 - 22 - D ¥ =10
14 34 24 1A 1A 3A 1A TA 4A 44
Top third 1B 1B 2B 1B 1B 1B 1B 4B 4B
scoring 10 1C 3¢ 1C 2C wowoww
14 - 19 6D 3D 2D 1D 1D 4D
1NA 1NA 1NA
o 14 1A 6A 34 24 4A 4A 24
%wmapm 1B 1B 1B 4B 2B
HH@ 10 1c 4C School
wmoapwm 9D 1D 1D . 2D 1D 2D 3D 1D ¥=11
= {NA 1NA 2NA 2NA 2NA 2NA 2NA 1NA
Middle 1A 2A 40 AA 1A 3A 6A 2A 1A 5A 44 4A
Third 1B 3B 3B 2B 1B 1B 8B 5B School
> 1C 1C 3¢ 1C 3C 4C 1C r oo
scoring 6D 1D 5D 1D 5D 4D 4D 4D 4D 4D =
t2 - 13 1NA 1NA
Botton 34 3A 14 1A 1A 4A 1A 1A 1A 34 6A 1A 3A 3A
mira 1B 1B 1B 1B 4B 5B 1B 38 4B 1B 5B 1B Sehool
: 2¢ 3¢ 1C 4C N = 10
moouwﬂm 7D 50 1D 3D 1D 3D 1D 1D wu =
3 - 1NA 1NA 3NA 1NA 1NA 3NA 3NA 1NA 1NA 4NA 3NA 2NA 3NA 3NA 4NA 3NA 3NA 3NA OMNA
Botton 14 34 1A 3A 24 1A 4A 4A 24 4A 44 1A S5A 24 8A
Third 1B 2B 1B 4B 9B 5B 2B 3B 2B 2B 2B Sehool
; 10 1¢ 10 1C 1C 8C 3¢ 60 4C 3¢  2C N 1o
moouﬂﬂm 50 1D 6D 3D 4D 2D 1D 50 2D 2D 3D 1D =
- 1NA 1NA oNA 1NA 1NA 1NA 1NA
Totals 1 1 4 3 25 7 16 3 6 8 6 6 14 13 6 10 11 16 17 19 17 17 School
including  1NA 1NA 3§A 1NA 1NA 3NA 3NA 1NA 1NA 4NA 3NA 3NA 4NA 5NA 6NA 5NA SNA SNA 4NA N = 31
Totals 2 7 19 16 24 6 10 13 13 15 22 20 10 15 14 17 33 26 25 31 School
including 1NA 2NA 2NA ONA 1NA 1NA 1NA 3NA N = 36

Table 5-2
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By observation from this, Table 5-2, pupils in the top third had most
difficulty with items 5, 6, 7 and 9d-h in the test; pupils in the middle
third had most difficulty with items 5, 6, 7, 8c,d,f,g and 9d-h; and pupils
in the bottom third found items 5, 6, 7, 8c,d,e,f,g and 9a-h difficult.

The percentages in each third in each school who responded
incorrectly in each item were used to rate items for difficulty. An item
rated O was one which caused no difficulty, or 0% had it wrong, and an item
rated 1 had > 0% of pupils responding wrongly. The ratings were "ranks" of
the percentages who responded wrongly in items and so items where a large
percentage responded wrongly were rated r 21.

By using this method of rating items for difficulty a comparison
could be made between the responses for thirds of each school sample more
easily, and so it was possible to see exactly which pupils were struggling
with which items.

The table below shows ratings:-

Item 1 2 3 4 5 6 7 8 8 8c 84 8e 8f 8g
Top000060204%0004%0&:110014

Third O 0 0 0 11+ 10 8 0 0© 2 25 o0 6 6 School 5

1 1 4
Wiaqle © O 1 015 4 1f 0 O 4 O O 6F 8 School 4

s
hird 0o 0 1 313k 10F 17% 3% 7 10F 10 7 15F 133 School 5

1% 1% 4 4 145 TF 14F 4 6 105 10F 10f 10F 18 School 4

0 0 1 2y 9 6k 158 28 4 6% .6% 155 155 18 School 5

Bottom
Third

Item /



Item 92 9% 9¢ 9d 9e 9f 9g 9h

0O 0 O O O 0 2 2  School 4

Top

Third
14% 114+ 13 14F  School 5

.
.
P

Wigdle ¥ 4 6% 1% 13 14 9k 9}  School 4
hird
thir 3% 3 7 10% 19% 195 15% 17+ School 5

Bottom ¥ 14F 14 18 18 21 21 21 School 4

Third 6+ 15F 11+ 11+ 19F 113 114 19F  School 5

Questions 5, 6, 7 and 9e-h were found egually difficult by all thirds of
the class, while other items caused most difficulty to the poorer pupils,

as would be expected.



55 An Analysis of Wrong Responses

2) Use of the "Inverse Ratio"
A survey was made to see how many pupils in schools 4 and 5

responding wrongly in an item chose the distractor obtained if the inverse

ratio of the correct one was used in calculation, i.e.

A < B A & B
Instead of c
C © Bx 2 C & Bx
C A
Refer to Table 5-1 whichshows the response pattern for each item. Results
were tabulated for the items involved:~
' Number Total z value for difference
Inverse X . . .
Ttem Ratio! choosing number in proportions choosing
this responding this response and
Response response incorrectly expected to choose it
3 A (a) 4 (2) 4 (2) 2:00 (1-+42)
4 A (a) 3 (6) 3 (6) 1-74 (2+46)
7 A (a) 8 (6) 12 (24) 0+98 (=0-61)
8b A (a) o (7) 6 (10) -1:54 (1+65)
8c D (D) 4 (11) 8 (13) 0-69 (3-82)
8d D (D) 1 (6) 6 (13) ~0+64 (0+96)
8e B (B) 5 (13) 6 (15) 1+75 (3-02)
8t 4 (a) 9 (12) 15 (22) 1-48  (1-47)
8g D (D) 5 (6) 13 (20) 0+27 (-0+20)
9a A (a) o (5) 6 (10) -1+54 (0+77)
9b A (4) 1 (8) 10 (15) ~1+25 (1+10)
% B () 4 (10) 11 (14) 0+15 (2-01)
9d - (a) - (2 - (17) - (-1-47)
Chi- squared, Iable 5-4

2
x, =='2z2 = 2053 (46+00)
for 12 (13) degrees of freedom



2 .
X is a measure of the difference between actual numbers of pupils choosing

the 'inverse ratio' response and numbers of pupils expected to choose this
response.

If results for schools 4 and 5 are summed then -x? = 66+53 for
25 degrees of freedom. This value is significant at the 1% level which
means that when we compare the proportion of pupils we would expect to choose
the 'inverse ratio' response with the actual proportion of pupils who do
choose it, then this difference is significant at the 1% level.

The pupils involved range from the top third to the bottom third of

each school; they spot a relationship between figures but do not know which

way round to put it - is it 2 to 1 or 1 to 27

b) An Easy Option

In item 5, 21 (17) cut of 25 (19) who responded wrongly chose D -
the distractor that suggested more information was required. In item 7,
6 (14) out of 16 (24) who responded wrongly chose D - again the distractor
suggesting a lack of information. Applying the same test as in (a) it was
found that a significant number of pupils in doubt choose the easy option

response, ;x? = 2914 for 4 degrees of freedom, which is significant at the

1% level.

In item 6, which involved essentially two direct proportion
calculations, 2 (10) out of 7 (16) wrong chose A; 2 (2) chose B; and (2)
chose D. A, B and D are responses obtained by operating incorrectly on
given data, e.g. 72 = 16 < 0+45 gives A when one should have 72 = 16 x 045 .
The idea of pupils juggling with figures to obtain a suitable response was
also evident from the interviews and from some of the items on stoichiometry

-~ there is no real understanding of the unknown variable and its calculation.

) /
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In item 8a), 2 (6) out of 3 (6) who responded incorrectly chose a
distractor which indicated they had no clear understanding of the mole
concevt or were unable to interpret the given chemical equation in terms of
the mole. Also in item 9a),(5) out of (10) wrong chose response A; 3 (5)
out of 6 (10) wrong chose B; and 3 out of 6 wrong gave no answer. Response
A is the 'inverse ratio' response indicating pupils do know there is a 2 to
1 mole relationship but do not know which way to express it, so they clearly
do not understand the mole concept. Pupils responding B also clearly did
not understand the mole concept since they must have made the ass umption of
a1 to 1 mole relation. The responses in the other parts of item 9 also
reflect this concept lack since it was clear that certain responses would not
be chosen if the 2 to 1 mole relationship was taken into account.

The responses in the interviews indicated as weil as difficulty
with the mole concept, some pupils also found the words 'neutralise’,
'required' and 'molarity' contributing factors to their inability to recognise

and tackle problems of the type in the test.
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5.6 Conclusions, Recommendations and Future Scope

From the results of observations in the interviews and of the writtem

test there are clearly pupils who
1) have difficulty in recognising the 'type' of problem
2) like to be able to visualise the problem
3) recognise the key from a given distractor
4) solve problems in ratio and proportion mentally
5) merely guess an answer, after trying to operate logically on the data

but they really lack reasoning
6) must have the data in the 'Mathematics' format Aﬁ% and if it is not

presented like this then they reverse the data to follow this format
before solving the problem
7) have difficulty in isolating relevant data and in getting the format

ézgparticularly if there is irrelevant data in the problem
8) avoid use of the format 4»B because it presents the problem as to
Ces?

which way up the ratio goes
9) have difficulty with numbers other than whole numbers - see item 6
10) must have whole numbers because they look for a common factor and
solve from there
11) have difficulty when Chemical concepts like mole, molarity, neutralisation
concentration and ions interfere with the mechanical technique they
use in a Maths. example for solution
12) cannot translate a Chemical equation into real terms and understand
it thus discount it when doing a stoichiometric calculation
13) have difficulty calculating an unknown molarity - see items 8f,g and
9g,h and in calculating an unknown volume in a 2 to 1 mole situation

when the known molarities are different - see items 9d,e and f

There was a variety of methods of solution used by pupils. Some

pupils showed clear understanding and reasoning but many merely followed a

recipe /
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recipe after recognising the problem 'type!. Pupils in the interviews
confirmed that recognition was often difficult and this meant that thinking
can only be done by some in terms of visualising what the set up is.

Spatial ability has already been shown to be an asset to a pupil in obtaining
mastery over skills in Mathematics.3 Myers has said, "We believe that the
person with this ability or these abilities will characteristically reason

36

in a different‘manner from the people who have little of these abilities."

The work covered in this report suggests there are areas of
difficulty in the '0' grade Chemistry course which are clearly linked to
Mathematics. Teachers must be informed and be prepared to amend their
methods and timing, but this can only be done satisfactorily if all Science
teachers agree that there are areas of difficulty common to their syllabuses
and that of Mathematics, and they all discuss new teaching methods with
mathematicians advising. A recent report on the relationship between
Mathematics and Physics at '0' grade suggested that pupils had little diffi-
culty with graph interpretation. From research done in Chapter 3, pupils
of Chemistry, even at 84 level, have considerable difficulty. Real problems
no matter how fundamental and simple to the observer must be faced at the
earliest stage possible.

Mathematicians, who have to provide pre-requisite skills for so
many subjects must meet the needs of scientists after discussion. There is
at the moment a great deal of discussion and confusion about the 'new Math-
ematics' - new in the sense that it is an internal consistency with itself -
but it must also be new in the sense of being an external consistency for
all the other subjects. Courses must be brought into line with each other
and complement each other where possible.

Teachers and curriculum planners must form a close liaison and make

the right decisions about timing and teaching methods if each pupil is to

gain /
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gain maximum benefit from studies at the correct stage in his mental
development.

As a follow-up to the research described in Chapters 1 - 5 and the
conclusions made, it is suggested that further research should centre round

some of the following areas of interest:-

1. Ways in which '0' grade Chemistry and Mathematics courses can be
brought more into line.

2. An extension of face-to~face investigations rather than external
testing for other areas of difficulty which are to be helped -
this is the most direct way of getting a lot of information from
pupils about the methods they use.

3. An attempt to discover why so many pupils must have a good spatial
ability for problem solving if they do not apply a rule of thumb.
Many tests for measuring spatial ability have been designed for
various levels and can be obtained for use.

4., Work to find out if 'alternative' teaching methods are more suitable
for some of the difficulty areas already defined. Some pupils
learn more easily when interacting with a computer and of course
they can be recorded)and Computer Aided Instruction could prove
to be useful as a diagnostic, Audio Visual material to supplement
formal teaching, which pupils can work at in their own time,
might ensure 'mastery' of many topics not otherwise achieved.
Teachers themselves can invent novel ways of teaching difficult topics
if they always try to remember what the learners' position is like.
A self-teach written linear or branched programme on a specified
topic might be all that is necessarye. It is, of course, important
to indicate 4o the pupil the topic being studied - pupils like to

know /
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know what they are learning about and everything then becomes more
meaningful. In the new Mathematics pupils tend to learn techniques
in the abstract and context is often not clear to them.

5. A critical study of school text-books after discussion between colleagues

about common problems to Science and Mathematics courses.

It is of interest that after a one-day conference to discuss the
"hows" and "whens" of teaching the various mathematical skills required of
students of Chemistry at school and university level, arranged by the Tayside
Section of the Chemical Society, many Mathematics and Chemistry teachers
were more aware of real problems necessitating communication between depart-
ments and they were willing to face these and try and solve them. They
appreciated each others point of view. It may be that regional conferences
of this type would be as beneficial to teachers as in-service courses.
Someone must take the initiative in arranging one or other of these alternatives
- there is an obvious need for more opportunities for Chemistry teachers
to discover what is going on in lathematics departments and to learn about
the current jargon of Mathematics which once understood is found to be far

from terrifying.



PLEASE ANSWER ALL  QUESTIONS

1)

3)

4)

5)

7
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The ticket for a 100 .yard journey costs 45p; what
should the eost of a 150 yard journey be?

12 pellets of solid ilaOH are fequired for neutralisation
of 100 ml of -molar HCl; how many pellets will be
requiredfor neutralisation of 150 ml of molar HC1?

What is the weight, in 1bs., of 1 cubic foot of lead
if we know that 1 cubic fcot of water weighs 62+5 1bs.
and lead is %0 times as dense as water is?

A 100 ml of 1#.HC1 requires 15 pellets of NaOH for

neutralisation: how many pellets will 100 ml of
3M HC1l require?

If we stirred a known mass of Zn into an excess of
silver nitrate solutlon, then which stutement is correct?

A

‘Be

c.
D.

A.

B.
C.

A.
B.
c.

- D.

ON THE PAPER PROVIDED, SHOWING YOUR ANSVERS

CLEARLY

30p

60
67£P
95p

16
18

62

6+25 1bs.

71 .5 lbs.

725 lbs.
625 1bs.

17
18

A. - Bvery gram of Zn gives 2 grams of Ag
B. BEvery gram of Zn gives a fixed mass of Ag

C. Bvery volume of Zn gives 2 volumes of Ag

D. You cannot tell from the given information

A "slow motion" camera takes pictures at 72 frames per
Second, and these are projected on a screen at 16
frames per second. How long will a shot of a golfer's
swing {ake when projected if it actually takes 0-45
seconds to complete? '

What véiume éf 0:2M HC1 is required to neutralise
30 ml Qf 0+3Y WNaOH solution?

4.
B.
c.

D.

A.
B.
c.

D{

0+10 secs.
10 secs.
2+025 secs.
2520 secs.

20 ml

33 ol

45 ml
Need more

information



8)

9)

When a.given.1H solution of NaOH is titrated against
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a given 111 solution of HCl, then

a)

c)

g)

When a given 1H‘solution‘of NaOH is titrated against

NaOH + HC1 - NaCl + H20

How many moles of NaOH are required to react
with one mole of HCL1?

-

-

What volume of 1M NaOH will neutralise 2 1. of
1M HC1?

What volume of 4 NaOH will neutralise 1 1.
of 1M HCl9

A

hat voluse of 4M NaOH will neutralise 500 ml
of 1M EC1? |

What volume of 4M NaOH will neutralise 250 ml
of 2M HC1? '

If 1 1. of 11i NaOH neutralises 500 ml of HC1,
what is the molarity of the HC1?

If 20 ml of 2¥ HCl neutralises 100 ml of NaOH,
what is the molarity of the NaOH?

a given 1M solution of HZSO4 then

a)

b)

2NaOH + H2504 > Na2304 + 2H20

How many moles of HaOH are requlred to react

with 1 mole of H2804°

What volume of 1V NaOH will neutrallse 1 1, of
1M H2SO4

A.
B..

- C.
D.

A.
B.
'C.
D.

A.
B.
c.
D.

A.

B.

c.
D.

4 A.'
B.
C.
D.‘

AO
B.
c.
D.

A.
B.
c.

A.
B.
c.

A.
B.
C.
D.

4+ mole
1 mole
1%+ moles
2 moles

% 1,
1 1.,
14 1.
2 1.

/

4 1.
1.
1
1

IR N

125 ml
250 ml
1 1.
2 1.

125 ml
500 ml
1 1.
2 1.
+ M
M
1+ M
2M

1/10 M
2/5 1
2.5 1
10 M

17 moles
2 moles

500 ml-
1 1.
13 1.
21,



c)

f)

g)

tthat volume of 1M HaOH will neutralise 2

1M H,50,7

What voluﬁé of 4i WaOH will neutralise
1M Hy804?

What volume of 4M NaOH will neutralisec

O
1 M H,50,°

Vhat volume of 4M NaOH will neutralicge

9
of 21 x{ZSO4

If 1-1. of 1¥ NaOH neutrallses + 1. of

is -the molarity of the H2804°

.

If 20 nl of 2 H,S0, neutralises 100 ml of NaOH,

what 'is the molarity of the JaOH?

500 ml of
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Solution of Questions 2, 4, 6, 7 and 9 h)

to be investigated

Instructions:=-

1.

2.

3

4.

5.

6.

T

8.

9.

Let the pupil read the problem and then ask him to identify the problem topic.

'Which topic have you studied that this is a problem in?' Indicate on the

answer sheet.

Ask the pupil to 'think aloud' while writing down a solution to the problem,

and as far as possible to explain why he writes what he does. Note the

pupil comments.

Tick on the answer sheet -
1) the method of solution the pupil uses;

2) the steps in the solution process done correctly.

" Cross on the answer sheet the steps in the solution process done incorrectly.

If the pupil cannot start to solve the problem, tell him it is a problem
on Ratio and Proportion -~ if this does not help, give him the first two

lines of the solution using one-to-one correspondence method.

If the pupil has two consecutive lines wrong, or mistakes, stop him and help

him reason the steps aloud - when corrected, let him go on.

If the pupil has difficulty in forming ratio(s) the right way up, for example
at line 3 in one-to-one correspondence method; at line 2 in equivalent ratios
method; at lines 3, 4 in unitary method; then make him reason out loud and

decide whether he wants a bigger/smaller quantity.

If the pupil has difficulty in isolating a variable in an equation, for exampl:
at line 3 in equivalent ratios method; at line 3 in equal products method;

then explain the process by cross multiplication or otherwise.

Indicate all aids required on the answer sheet.

If the pupil fails to solve the prob lem would you say the difficulty he had
was due mainly to his inability in -

(i) stating variables

(ii) obtaining relations between variables

(iii) isolating the unknown variable

(iv) arithmetical manipulation

Indicate on the answer sheet



Co NHME. | _
P | | |Identified,_
QUESTION 4 =  ANSWER _SHEET w | {Topic :
_ , ! R VU
Zquivalent Ratios ” One-to-one Equal Products . Slide Rule | Tick method used -~ if another, state
¢ correspondence or ;
unitary method {
- | I R
| |
: . ! :
1) Molarity  No. of 2) Molarity  No. of m i 1) Molarity No. of ! |Tick each stage done correctly
pellets : | pellets : pellets | iCross " " * incorrectly
St — R L e |
2) 1 = 15 2) 1 e» 15 2) u_, - d,wm , w Pupil's comments :
3 -x _ * v
3) 3 > 15x mu. ! 3 4+5 !
rJLM R i T e S R LT ._— L o .- __
) {
3) = = 3x15 | 4) = 45 2) = = 45 3) Answer = 45 !
; _ :
= 4 :
t--éy R S 0 R !
5) No. of pellets = 45: _mv Noeo of pellets = #m“ i3) No. of pellets = 45 |[4) No, of pellets = 45 i |Aids required:-
ot A At # bt W e S @ s - “.. et et e e, s e . w | B T PR e e wat s = b et ey Cis T v SA v ; .“.
X P P
: { P
m | B
P
1 ” ! b
S N P v
P Py ;. Failure to solve due to difficulty in:=-
: f Do :
: v dw stating variables
U } }2) obtaining relations
; IR between variables
i : i 3) isolating the unknown
oot ; v variable
. P m i | 4) arithmetical manipulation
m (ol
N .
w w o
4 i ¢
{ , Eog
W W P .“. w N i
b I b . -




QUESTION 7 = ANSWER SHEZT

tquivalent Ratios

!
3
i
!

One-to-one
correspondence
or unitary

|

_Equal Products ! .

CNMIME

Slide Rule

_qmnE..Swwmun Moles
J method

Identified,

Joric e

:Tick method used - if another,
state

Noe. of

'
]
|
i
!

Tick each stage done correctly
Cross " " " incorrectly

Pupil comments ;

——e. et Ve en Ja——

1) Molarity No. of 1) Molarity : 1) Molarity 1) NaOH + HCL —»
mls. ) mls. !
) 30 x 0:3 =xx'1 : : NaCl + H,0
; _ |
2) 1. _ 230 2) 003 - | 2) - 3 2) 1 mole NaOH
03 x ! M requires 1 mole
3) m HC1
i
—— r N e :
! }
3) x =30 x 03 4) 2) x = 9 3) Answer = 9 3) NaOH | HC1
‘ |
4) - 9 30 ml , %ml
0+3M " 0+2M
e e e e b - Al e —— e
5) Molarity No. of 5)Molarity 4) Molarity No. of ;
nls mls
—— e = . » 4 9] I - S .
3) 9x1 ¥y x 02 JY.*ledNou_dooouow
6) 02 _ 39 _mv 5) N Bowow_ moleb
1 y 17) 002 = 9 - _ 425 |
i X 0.2 : !
e e e e e e - . it oo v + e e v et s e PR il
. i | - 2
7) 02y = 1x9 '8) 4) ¥ = 5o 6) Answer = 45 5) 30 x 03 _ %X 02
i . 1000 1000
8) = == |
y 0-2 m = 45
9) = 45 ! _ !
e e e a et - - . A y - b e o s =
i | H
i 1 ~ ]
10) No. of mls =45 |9) No. of mls '5) No. of mls = 45| i7) No. of mls = 45! 6)2x 0.2 x 1000
e 3 _ ) : . 1 ‘
1

!

\

B R Ve ST SR

Aids required:-

Failure to solve due to
difficulty in:-

1) stating variables
2) obtaining relations

.

=30 x 0-3 x 1000

between <m3..wv.wom
3) isolating the unknown.
variable

7) % = 30x0:3
0.2
) - 45

T P R

9) No. of mls = 45

-4) arithmetical manipulation

e
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CHAPTER 6

CRYSTAL STRUCTURES.
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6°1 Introduction

The first year Chemistry course at the University of Glasgow
includes five lectures which give an introduction to crystal structures of
metallic and ionic solids. As this lecture course is the foundation for
work done in subsequent years on crystal structures, it is particularly
important that students should obtain 'mastery' of the topic in their first
year.

In this instance as is the case for other topics taught as part
of the first year Chemistry course, the lecture method alone is inadequate

for the following reasons:-

1) Very little feedback from students can be obtained - this means the
lecturer cannot pace his presentation of the material.

2) The student has little opportunity to rehearse his learning by -

(i) consolidating material,
(ii) developing concepts by frequent use,
(iii) relating different items of information to obtain a view of
the whole topic being studied.

3) Lecturing is a relatively passive form of learning and passive
methods of learning are less effective than active ones involving the
desired behaviour.

4) Lecturing is poor for maintaining attention and stifles self expression.

5) Retention of information presented in lectures is inferior in delayed
tests of recall - this has been shown by Bane. 3

5) It is impossible to communicate 3D ideas to large groups of students

in lecture theatres. Beyond a few yards even the best 3D models

become 2D.

A questionnaire/



A questionnaire completed by thirty-three first year students

in June, 1973, showed for which topics in the first year course, lecturing

as a sole teaching medium was inadequate -

topics some form of supplementary material was requested.

Results of the guestionnaire

in other words, for which

Supplementary material | No. of No. of No. of No. of
requested onie students students students students
4 : intending | intending | intending |intending | TOTAL
one year two years | three four
of of years of years of
Chemistry [ Chemistry | Chemistry |[Chemistry
1) Gas Laws 4 6 - 2 12
2) Structures of
4 3 1 6 14
molecules
3) Interpretation of
1 1 - 3 5
graphs
4) Rates of Chemical
8 4 4 1 17
Reactions
5) Thermodynamics 4 6 1 3 14
6) Chemical
6 3 2 4 15
Bquilibrium
7) Crystal Structures 10 7 4 9 30
Total number of
students in each 1" 9 4 9 33
category
e

The students who completed the questionnaire were randomly

selected, nineteen were in the top third of the class, eleven were in the

middle third and three in the bottom third on the strength of diagnostic

test /
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test and class examination scores.

Having obtained this information from the students, the problem

was what to use either along with lectures or as supplementary material

to the lectures.

1)
2)
3)
4)
5)
6)
7)

Buzz groups 8)
Problem Centred Groups 9)
Controlled Discussion 10)
Lecture Discussion 1)
Case Discussion 12)
Short Talks by Students 13)
Audio Tapes

Various teaching methods were available:-

Lecture Demonstrations
Tutorials

Practical Sessions
Programmed Learning
Projects

Simulation and Games

Combinations of these teaching methods can of course be used. Although

previous research

suggests there is no significant difference between

knowledge gained from lecture and from a variety of other teaching methods,

research in Glasgow University suggests it is better to use a variety of

4o

teaching methods even in a 'lecture' period.

Educational Reasons for the use of varied Teaching Methods:-

1)
2)

Different kinds of objectives are best achieved by different methods.

Teachers usually have a number of different kinds of objectives in

any one lessone

Therefore, the objectives of any one lesson are usually best achieved

by different methods.
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62 Supplementary Material on Crystal Structures

The type of material to design as a 'back-up' for the lectures
on Crystal Structure was the first and most important decision to be made
for the project in hand.

Since students had to be able to visualise structures in 3D,
presentation of any material had to involve good 3D models of structures.
Recognising distinctive features of each type of structure and distinguishing
one type of structure from another would then be easier.

In previous years the students had attended two practical
sessions, each of three hours duration, when they constructed their own
models of structures. In practice, this proved to be unsatisfactory
mainly due to badly designed 'Catalin' ionic model kits being provided,
but also to the time limits. Also, students inevitably required individual
help and therefore it seemed more feasible to produce some form of audio-
visual self-teach programmed material on this topic that could also be
used for revision before examinations and before subsequent study of the

topic in third year.

6 o3 Munction of the self-teach material

Since the material was required to supplement a lecture course

and not to provide an alternative for it, the function was to aid the students

achieve 'mastery' of the objectives of the lecture course,

The content of the material was outlined after consultation with
lecturers of the course and examination of objectives specified by them.
The supplementary material and lecture course material, itwas felt, should
be compatible and so objectives for both were the same. Extra background
information could be given in self-teach material and points made in lecturse

could be explained in more detail in the self-teach course.
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6+4 Reasons for Preparing Self-Teach Programs

1. Large numbers of mixed ability students can learn effectively.
2. Instruction is learner controlled.

3« Multi-media used

4. Popular with students

5. BEasy to run

6. Criterion testing gives a measure of the achievement of the

objectives of the course.
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6°5 Design of the Self-Teach Material

The amount of material was divided into seven units entitled

Programs 1 = 7 under the following headings:-

A. Close Packing of Spheres

Programme 1
B. Features of Close Packing

(i) Interstitial sites - Programme 2

(ii) Unit cells - Programme 3
Ce Ionic Crystal Structures

(1) MX type - NaCl - Programme 4

(ii) MX type - CsCl and ZnS;

Programme 5

sz type -~ CaF, and TiO,

2
D. Effect of Radius Ratios on Structures - Programme 6

E. JIdentification of some MX and sz type structures - Programme 7

The content and preparation of Programmes 1, 2, 3 and 7 is

7
described here - Mrs. N.C. Kellett will report on Programmes 4, 5 and 6.
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6+6 Aims in Designing the Programmes

1. The models used should be simple and cheap to comstruct, but adequate
to illustrate the properties being defined.

2. Two types of models should be used:-
i) Space filling models
ii) Ball and stick 'Beevers'[’1 type of model

3. Students should wherever possible be able to handle the models shown
in slides and referred to on tape so that they can identify for
themselves properties of the structures which the models represent.

4., Students should be shown slides of the actual models and clearly
labelled perspective drawings of actual models so that they can learn
to interrelate a 3D structure and a 2D representation.

5« Students should be given an opportunity to build their own models of

close packed structures at least.

667 Justification for the Use of Models

1o A fundamental understanding, rather than mere familiarity with
descriptive facts, can be acjuired from using models as the method
of representation.

2. Students can predict accurately from good models many of the physical
and chemical properties of the compounds.

3. Spheres reproduce the true physical picture to the extent that they
occupy space when their sizes are, in fact, relative sizes of the

atoms they represent.
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68 Objectives of the Programmes

Programmes 1, 2 and 3 were concerned with features of close
packing arrangements of spheres of equal size and the make-up of the
arrangements themselves namely hexagonal close packing, face-centred
cubic packing and body-centred cubic packing.

The objectives relevant to the programmes and to this section

of the lecture course were:-

1. DPack one layer of equal spheres in the most economical way.
2. Pack layers of equal spheres in 3D to show -
a) hexagonal close packing,
b) face-centred cubic packing,
c) body-centred cubic packing.
3« Pack layers of equal spheres in hexagonal form to show -
a) ABAB sequeﬁce,
b) ABC ABC sequence.
4. Identify face-centred cubic packing in hexagonal ABC ABC close packing.
5. Identify tetrahedral and octahedral sites in each of the close
packed structures in 2.

6. Identify the unit cell for each of the close packed structures in 2.

Programme 7 which was designed to be an assessment of Programmes
1-6 involved the students in identifying several unknown models by

deductive method. The models consisted of some MX type structures and

Some MX2 type structures.

The objectives relevant to Programme 7 were:-

Students should be able to =

1./



1.
2.
3
4.
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State the coordination number of each ion species in a given model.
State the ratio of coordination numbers of the cation to anion.
State the stoichiometry of the compound.

With information on ionic radii and names of some compounds forming
MX and MX2 type structures studied in Programmes 4 and 5, identify

the given models.,
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6°9 The Design of the Individual Programmes

Various ways of programming material exist:-

(i) Linear Programmes

(ii) Branched type of Programme
(iii) Structural communication type of programme 42
(iv) Audiotape

(v) Film-strip with accompanying script

(vi) Tape-slide type of programme

(vii) Film-loop

Since much of the material for Crystal Structures was suitable
for discussion and description and simultaneously involved the use of
models it was decided that "traditional" programming methods were not
appropriate. Instead a tape slide type of program was designed.

Programmes 1, 2, 3, 4 and 5 consisted of a set of 35 mm slides
along with an Emi-type cassette. Programme 6 consisted of a workbook and
a cassette and Programme 7 consisted of a detailed question and answer
sheet, information sheets, a set of slides and a cassette.

Both slides and tapes are relatively cheap and easy to produce

and can be easily altered or reproduced.

Programme 1

Metals were used as an example of solids which pack to form a 3D

arrangement of equal spheres.

Two ways of packing circles in 2D = several different ways of

packing layers of spheres in 3D.

it /



If equal layers of hexagonally close packed spheres are packed
together then there are two alternative positions for the third layer to

be placed above two below:-

a) directly over the first layer spheres - AB AB hexagonal close packing;
b) over the spaces between first layer spheres - ABC ABC face-centred

cubic packing.

The two alternative positions are shown in the diagrams below.

Students /
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interstitial sites by examination of individual arrangements of -

(i) 4 close packed equal spheres, the centres of

which are corners of a regular tetrahedron

(ii) 6 close packed equal spheres, the centres of

which are comers of a regular octahedron.

The emphasis then was placed on the ability to identify each type
of site, tetrahedral and octahedral, in each of the models of close
packed arrangements studied in Programme 1e Diagrams of models with

clearly labelled sites were shown on slide, e.g.

Tetrahedral Site

In conclusion, the relationship in positions of each type of site was
explained by the use of a model where close packed layer spheres were
hexagonally arranged and tetrahedral and octahedral sites were filled

with an appropriate size of different coloured spheres. (Colour print

from slide)



The students were encouraged to refer to the spaces as 'sites'
and not 'holes' in case there was a tendency for them to think of the
actual shape of the spaces or holes as tetrahedral and octahedral rather

than the disposition of spheres surrounding the spaces*

Programme 3

The main aim of this program was clearly to define a unit cell
and then explain how to construct one for each of the close packed
arrangements studied in Programme 1.

The sequence adopted was to work from body-centred cubic (where
there was a one to one relationship between the corner and centre spheres)
move to face-centred cubic (where there was a one to three relationship)
and finally to study the more complex hexagonal arrangements.

The students were asked to look at models used in Programme 1,
where all spheres were whole and from these to work out what the unit
cell consisted of - their response was confirmed in the tape slide

sequence. The 'cut-away' models were available for close examination.

Programme 7 /
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Programme

The students worked 'deductively' through the process of
identifying seven models by answering questions on the question/answer
sheets in the appendix, p 208 . Two methods of identification were
suggested and information sheets (see appendix p211£) were advised for
consultation during the process of identification. After answering (on
the sheets) all questions relevant to all models, the students listened
to the tape which gave them correct responses for the questions and
simul taneously looked at slides of the models, comparing them with slides
of the models of structures studied in Programmes 4 and 5. The students
finally left their question/énswer sheets in an answer box which was

provided. The results of this programme are summarised on p190.
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610 Use of the Programmes

The programmes were available for use immediately after the

lecture course was completed. Two sets of each programme were located
in a self-teach laboratory and the necessary hard-ware for their use

was provided :-

6 sets of one Phillips N 200 Cassette Recorder
6 sets of one Agfascop 20 Slide Viewer

6 sets of one pair Eagle International SE 5 Headphones

A route was suggested for working through the programmes but it was
obviously possible to slect one or more programmes at random for studying
particular weaknesses. Students would work through any programme at

their own pace and, if necessary, use any program any number of times.

A 'Suggested' Route for doing the Programmes on Crystal Structures

! Put one pink card in

Do Pre-test for Programmes 1, 2 and 3 >
the answer box

N
Do Programme 1
Do Programme 2
Do Programme 3

4’ x_»Pu‘l: one yellow card and
Do Post-test for Programmes 1, 2 and 3 7 ldetachable sheet in the

answer box

Put one pink card in

\\ 2

Do Pre-test for P?ogrammes 4 and 5

l the answer box

] Do /
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1

Do Programme 4

Y

Do Programme 5

Y

Do Post-test for Programmes 4 and 5

W

Put one yellow card and
detachable sheet in the

answer box

Y

. Do.'Pre-test for Programme 6 >
Y

Do Programme 6
*

Do Post-test for Programme 6 >

Put one pink card in

the answer box

Y

Put one yellow card and
detachable sheet in the

answer box

VvV

Do Programme 7

Put your answer script

in the answer box
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6+11  Assessment of the Programmes

This session 1973-74 was the first one when the self-teach material
on Crystal Structures was available and so it was decided that the

assessment should be diagnostic of the programme :-

a) to show weaknesses or misleading parts,

b) to assess the 'mastery' value.

and not solely diagnostic of the student.

It was decided that any form of test had to be concise, be quick
for the student to do, and that the same test should be used for pre and
post assessment otherwise differences may be due to different tests.

The tests were related to the objectives of the course and were

designed so that -

Question Sheet 1 was pre and post Programmes 1, 2 and 3

Question Sheet 2 " " " "  Programmes 4 and 5 Mrs. N.C. Kellett 7

Question Sheet 3 * " " "  Programme 6 will report

Programme 7 was, of course, self assessing and really an
assessment in its own right of Programmes 1-6.

The items in the tests were scored on a O, 1 basis and students
were encouraged not to guess by inserting in each item a 'Don't know'
option. It was possible from the results to measure the difference in
performance of each student. When tests are related to specific objectives
based on a course, are the total scores and differences in performance
really meaningful? When 1 or O was allocated to an item, this was not

the same as 1 or O for another item and therefore score increase of 6 to

10 /
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10 was not the same as 10 to 14.

Deterline (1971)43 pointed out that each item in a test is a
stimulus response system and the test is a collection of such items - he
also pointed out that a score of 75% tells little about the student's
performance - what is needed instead is to know which items a student
had wrong and relate those to the objectives of the course. In other
words, the item gains are more useful than the total gains.

Also, differences in total scores are often statistically indeter-

minant due to -

a) small numbers € students,

b) expected large spread of scores in either pre or post test.

An attitude questionnaire was attached to each post test and it
gave an indication of ease, interest and use of programmes and time taken

to do each programme.
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6+12 Item by Item Analysis for Question Sheet 1

The test which had 15 objective items can be found in the

appendix p213. Results were as follows:-

Question Sheet 1 : figures show frequency of responses

for A, B, C, D and E for questions 1 - 15

Qu. A B c D "B Facility Difference in
Value Facility Values

1 18 [7] %] s[17 7[1] 3[-] 0-51 [0-80] significant

> s5|s|1a|3] 1]-| 9536| 1|-| 0-72 [0°82| not significant

3 41| 63|11 |1] 91 [39] 2|-| 069 [0-89| significant

4 ;% 21| 14 | 2 3011 7 |20 4 |=| 0+62 |0+48| not significant

5 1012] 81| 209 35 |3 | 10[1| 0-47 |0-70| significant

6 12 |3| 2|-| 21 [12| 25 [28| 14 |1| 0-34 |0-64| significant

7 5|4l 10|-| 4233 8|6| 91| 0:57 [0+75| significant

8 81| 2|37 193] 10]2] 14 ]1] 031 |0-84| significant

9 14 |3| 17 |8| 1% [23| 18 [10| 8|-| 023 |0-52| significant

10 24 15| 20 [17]| 13 | 6| 3 |5| 14 [1| 0-32 |0:34| not significant

1 27030 11 |{s5] 5 |2| 43| 27 |4]| 0-36 |[0-68| significant

12 701| al-| 63| 46 (38| 11 |2| 062 |0-86| significant

13 18 |11 2 [ 1 8 |1 13 31 3 |-| 058 |0-70| not significant

14 16 19| 23| 46 3| 211 8|-| 062 [0:70] not significant

15 8 -] 12 |_6] 36 56| 3 | -] 15 [2] 0-49 |0-82] significant

Table 6-1

* indicates the correct response for each item or the key

Post test figures in brackets after pre-test figures

74 students /
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74 students did the pre test and 44 the post test. A test of
significance involving sample facility values44 showed that in ten items
in the test the difference between pre and post test facility values was
significant at the 5% level. (The facility value is the percentage of
students who had the correct response for the item.) Students answered
the items on a computer card which made an analysis easier than marking
by hand.

The pre test was done after the lecture course, so measured
differences were a direct result of using the programmes.

Previous research has suggested various ways of dealing with gain
scores from pre and post tests using total scores, but for criterion

referenced testing, item gains are more useful than total gains.

Criterion referenced tests are designed to ascertain the status of a group

or an individual with respect to specified criteria.

Popham and Husek (1969) 2 discussed in detail the concepts of
variance, reliability, validity and item analysis procedures in relation
to criterion referenced tests - they warned that most of these measures
are not really applicable.

The item analysis of Question Sheet 1 involved an examination of
student responses in pre and corresponding post test and results were

as follows:— (Students responded in nine ways)
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PRE/POST TEST RESPONSE COMPARISON

' Qu. |Wrong| Right |Don't | Right | Wrong | Right 'Don't Wrong| Don't | TOTAL
Right | Right o Don't | Wrong | Wrong o Don' ¢ knf"
Right | know Wrong | know | Don't
know
1 17 17 - 7 1 1
2 4 30 1 8
3 7 29 2 5
4 5 15 1 8 13 1
5 12 13 5 8 4 1
6 13 1" 3 1 10 1 4
7 12 18 3 3 4 2 1
8 20 9 6 | 4 - 3 1
9 12 5 4 17 4 1
10 5 9 1 15 7 5 1
11 3 18 8 2 4 1 5 2
12 8 26 2 1 2 1 1 2
13 4 25 1 12 1
14 4 24 3 10 1 1
15 9 22 5 4 2 1
TOTAL [135 |271 | 45 4 (117 |40 |23 4 6 |/645
20-9% | 42% % | 06% |18+1% | 6+2% | 3°6% | 0-6%| 1% |/100%

Table 6=2

Using accumulated figures -

A, 70% gave the correct response when they did the post test

8% /
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~ 28% gave a wrong response when they did the post test, and

~2% gave a 'Don't know' response when they did the post test.

Some students attempted items correctly before using the programmes and

then answered them incorrectly after using the programmes. The items

where this occurred, namely 4, 5, 7, 9 and 10, required investigation.

Item No. Facility Value
PRE POST

4 062 (0-48)

5 0+47  (0+70)

7 0-57  (0+75)

9 0:23  (0¢52)

10 032  (0-34)

Possible Reason(s) for choosing a

Distractor in the post test

The item depended on the interpretation
of the word ‘'different'. Students who
did not have A had D which was perfectly
feasible.

The ability to visualise in 3D was
necessary in this item. Students who
considered only one layer of spheres
chose the distractor C.

The few who did not have C in the post
test chose A or D.

In this item a large percentage of those
who were wrong chose D - the misconception
that an octahedral site is the centre of
an arrangement of 8 spheres was obvious
in class examination results too.

In this item, students responded after
looking at a two layer model and counting
- it was obvious from the number who

chose B that the model was looked at in

one direction only.

Points misunderstood or not made clear enough would have to be modifications for
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613 Overall Analysis of Question Sheet 1

The student identifier provided on the computer card enabled pre
and post tests to be matched. The following table shows the students'

total scores for pre and post tests.

PRE AND POST TEST SCORES

Student Pre Post Diff. Student Pre Post Diff.
Number Score Score Number Score Score
1 6 12 +6 40 6 8 +2
2 T 41 5
3 7 42 6 5 -1
4 11 12 +1 43 8
5 3 44 12 14 +2
6 8 14 +6 45 7 8 +1
T 7 14 +7 46 13
8 9 47 6
9 3 48 4
10 6 10 +4 49 6 8 +2
11 12 50 6
12 8 14 +6 51
13 6 7 +1 52 7 11 +4
14 6 11 +5 53 4
15 9 10 +1 54 9 11 +2
16 5 12 +7 55 7 9 +2
17 11 13 +2 56 12
18 10 13 +3 57 10 12 +2
19 11 14 +3 58 10
20 10 59
21 6 12 +6 60 9
22 9 12 +3 61 9
23 6 62 9 9 0
24 13 12 -1 63 7
25 2 9 +7 64 5 11 +6
26 3 8 +5 65 8 11 +3
27 12 13 +1 66 11
28 4 67 6 7 +1
29 10 68 12 8 -4
30 12 69 7
31 5 7 +2 70 3
32 10 Al 1 5 +4
33 9 72 8 10 +2
34 6 11 +5 73 7
35 10 74 6 8 +2
36 5 75 11 13 +2
37 3 6 +3 76 5
38 12 13 +1 77 6
7

39 1" 15 + 78

Table 6-=3
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N = 74 (44)
Mean Score X = T7°47 (10+61)

Standard Deviation S = 2+80 (264)

Mean scores and standard deviations for each test were calculated
and a statistical test of significance involving means33 showed that the
difference in means was significant at the 1% level, i.e. the 'average'
performance in the post test was significantly better than in the pre
teste.

L6

Previous research has indicated that doing a pre test before
instruction enhances learning. HartleyL+6 has said that, "It seems in
order for pre test effects to manifest themselves either the tests or the
instruction (or both) must be difficult; if students successfully learn
to criterion then it is impossible to detect pre test effects.™ In this
case any difficulty in the pre test it was assumed had no measurable
effect in the post test performance.

The reliability of the test was measured by calculating the

correlation coefficient for pre and post test scores -~ +this was r = 0¢63.
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6+14 Attitudes to Programmes 1, 2 and 3

The students were asked to indicate in the post test how useful,
how easy and how interesting they found each program. Also how long they

took to do each programme. Results were as follows:=-

Programme 1 2 3
Extremely valuable 7 4 5
Very useful 17 19 20
Satisfactory 12 12 9
Not very useful 1 1

A complete waste of time

Much too easy

Too easy

Reasonably easy 28 25 25
A little difficult 6 8 8
Very difficult 2

Very interesting 3 3 4
Interesting 17 17 16
Satisfactory 13 12 12
Dull 2

Tedious 1
Took 5-10 minutes to do 6 6 8
Took 10-15 minutes to do 10 14 14
Took 15-20 minutes to do 8 10 8

Took more than 20 mins. to do 1 4 4
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6°15 Analysis of the Results of Programme 7 -~ An Assessment of

Programmes 1 - 6

Model Compound the Identified
Number model represents correctly by

17 LiF 92%

18 KBr 88%

19 CsBr 80%

20 CdF, or CaF, 68%

21 CuCl 68%

22 NaBr 72%

23 ZoF, 56%

Points worthy of note from cumulative results:-

1.
24

3

4.

Finding a coordination number from a space filled model is not easy.
There is confusion about which ion is cat- and which an-.

Having found the coordination numbers of the separate ions, there is
some doubt about the method of evaluating the ratio of coordination
numbers - should it be cation : anion or anion ¢ cation? -
perhaps this point should be elucidated in the programme script.
Having found the ratio of coordination numbers correctly, how do we
then evaluate the stoichiometry? All right if ratio 1:1, but when
2:1, then stoichiometry is 1:2. Students obviously guessed the
response given when identifying model 20 since there was an almost

even split between 1:2 and 2:1. This detail will have to be dealt

with in the rewrite of Programme 5.
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616 The Model Construction with some Practical Details

Foamed polystyrene spheres were used to build all space~filling
models 7 since they were most suited for assemblages of positive and negative
ions. 'Beever' drilled methyl methacrylate spheres of diameter 6¢9 mm and
steel rods 1 mm diameter were used to build 'ball and stick' models which
when built were scaled to an interatomic distance of 1 cm to 1 Angstrom
unite. The polystyrene spheres, supplied by Griffin and George, were
obtained with diameters ", %", 1", 13", 1‘2" and 2" and they represented an
economic scale of " to 1 Angstrom unit. The €1 ion represented a lot in
the models made determined the scale.

Ions represented in space-filling models were approximate in size

using the following conversions and the colour coding used was as shown:-

Ion Ionic Sphere Colour of ion
Radius $A°! size used in model

Li 0+60 4" diameter silver

Na 095 i Silver

Cs 1-69 120 gold

Zn 0-74 %" copper

K 133 15" silver

Ca 0-99 in gold

i 0+68 2-" silver

Cu 0+96 1 copper

cd 0-97 " gold

Pb 084 %" silver

F 1+36 14" light green

Cl 181 1%" grass green

Br 1+95 2" red/brown

0 1+40 14" red

S 184 1'2"’ yellow

Copper, silver and gold were used to represent metal ions whose coordination

was /
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was 4, 6 and 8 respectively.

Note : It is more important to get the radius ratio nearly correct than to
match exactly the ionic radius of each ion. Perhaps more sizes
of spheres would give more facility in designing models. Styro-
foam spheres 2“ - 25" diameter with La intervals can be obtained

47 8
in the U.S.A.

Stages adopted in constructing Models
48

1+ Determine or check the type of structure, internuclear distances,
ionic radii and angles between bonds.

2. Count out the correct number and sizes of spheres required.

3. Count out the correct number of connectors (1" lengths of pipe cleaner
were used for space filling models, steel rods of appropriate lengths
for ball and stick models); also have scissors, pliers, protractor
template, pencil, ruler, hammer and glue to hand.

4., Mark the polystyrene spheres using the protractor template, tetrahedrally, %9
octahedrally or cubic for 4, 6 or 8 fold coordination, as appropriate.

5. Pierce holes in polystyrene spheres for connectors.

6. Paint polystyrene spheres with the colour already indicated, as appropriate,
(spray paints suitable for polystyrene were used).

7. Assemble models

Note: For unit cell models, the spheres were marked then sectioned, using

a hot wire connected to a rheostat. They were then painted and

finally assembled.
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Eureka SWG. 25 wire

connected to

9Volt electronic power supply.

s

For Beever models, the spheres made of polymer were drilled when

supplied and a colour coding was also adopted:-

Na - 7ruby Cl - green
Cs - ruby S = yellow
Zn - clear F - green
Ca - ruby 0 - red

Ti - topaz

Assembly was done using pliers and a leather hammer.

Finally, the models, after comstruction, were made permanent by
encasing the space filling ones in perspex boxes and sandwiching the
ball and stick ones between two sheets of perspex. Beevers' ball

and stick models are sturdy, inexpensive and easy to store.

The scripts and slides from Programmes 1, 2, 3 and 7 can be found in the

Appendix to Chapter 6 on p194e207.



CRYSTAL STRUCTURES PROGRAMMES

First, an introduction
Crystalline solids can be of three types:- 1. Metallic
2, Ionic
and Covalent
Metallic solids consist of atoms which can be represented by spheres

of equal size*

Ionic compounds consist of positive and negative ionsand both of
these can be represented by spheres of varying sizes. Generally the positive
ions are smaller than negative ions. Tonic solids have ions which tend to

pack as closely as possible so that their potential energy is a minimum.
We start by considering metals where the problem reduces to packing

of spheres with the same diameters.

Close Packing of Spheres - Programme 1

Use Models 1, 2, and construction kit.

Slide 1 Spheres of equal size when shaken in abox tend
to arrange themselves in such a way that they

are as closely packed as possible.

Slide 2 Let us look at one layer of these spheres which
are close packed.
For every three spheres, each one touches the
other two and their centres are at the corners
of an equilateral triangle.
Centres of spheres lie at the corners of a 6-

connected triangular net as you can see.

Slide 3/



Slide 5

Slide 4

Slide 5

Slide 6

Slide 7 /

We observe that spheres can also be packed like
this and that they are not as closely packed
as before®

When we look at close packing of spheres in
three dimensions, we find the most compact
grouping of four spheres is when their centres
are the corners of a regular tetrahedron.
Close packing in 3D can best be attained by
stacking close packed layers like those in
slide 2.

Spheres of one layer fit into the hollows of

adjacent layers.

If spheres of one layer are labelled A, those
of adjacent layers can have centres above X
or Y. In such sphere stackings, each sphere
has twelve equidistant neighbours. Because
of alternative positions available for each
layer, there is an indefinite number of close

packed layer sequences.

If we build ABAB layers of close packed spheres
that is, the B layer of spheres in position X,
and the A spheres in layer three directly above
the A spheres in layer one, then we have hexa-
gonal close packing.

Wow, using the construction kit and following
the first set of instructions on the box,

build a model for yourself. While doing this,
switch off the tape.



Slide 7

Slide 8

Slide 9

Slide 10

Slide

1/
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If we build ABC layers of close packed spheres
i.e. the B layer of spheres in position X and
the C layer in position I, then we will have
hexagonal close packing.

Using the construction kit, follow the second
set of instructions on the box and build a
model for yourself. This time, you should
observe that the first and third layers of
spheres are different, with regard to relative
positions of corresponding spheres where in ABAB
packing they were the same.

Switch off the tape.

When we have ABC layers of hexagonally close
packed spheres, we can identify face centred

cubic packing as shown.

Can you see face centred cubic structure in ABC
layers? The model you see has been designed
to show how a face centred cubic structure fits
into hexagonal close packing. Again use the
kit, this time follow the third set of instruc-
tions and build a model for yourself. You
should be able to equate ABC hexagonal close
packing with face centred cubic packing.

Leave your model after construction so that it

can be checked. Switch off the tape.

Now compare your model with this slide which is

what you should have.
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Slide 11 Another common way of packing spheres which is
not close packed is body centred cubic with this
stacking method, each sphere has only eight
equidistant neighbours* Backing of spheres in
hexagonal close packing face centred cubic
arrangement fills approximately 3 of the
available space; with body centred cubic
arrangement, the volume of space filled is

appreciably less*

Thus, there are three ways of close packing
spheres -

(1) hexagonal close packing ABAB type

(i1) face centred cubic packing ABC type, and
(1i1) body centred cubic packing.

Most metals and alloys crystallise in either
hexagonal close packing or face centred cubic
arrangement of atoms. A few crystallise in
body centred cubic arrangement. Examine models
1, 2, 3 and 4 to verify you can recognise the

close packing arrangements.
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Slide 2

Slide 3
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Features of Close Packing
(1) Interstitial sites - Programme 2

Use models 1,2, 3 and 7

In a close packed arrangement of spheres we find
each sphere rests on three spheres in an adjacent
layer as shown.

The centres of the four spheres are corners of a
regular tetrahedron. The spheres touch each
other at one point only and so there is a space
at the centre of the tetrahedron - this can be
called a tetrahedral site or hole.

This does not mean the shape of the site is
tetrahedrall

The actual size of the tetrahedral site is very
much smaller than the size of the surrounding
spheres although the larger the spheres, the
larger the site will be.

Take model 1. Fach white sphere will be in

contact with three red spheres in the layer above

and three blue spheres in the layer below, such

that you should be able to see two tetrahedral Erdwial
sites associated with each of the white spheres, —

one immediately above and the other below it.

Take model 2. Each white sphere will be in eranedal St
contact with three red spheres and three blue ones

in the layers above and below as before. This

time, look at the central white sphere in the

model and you should see three red spheres above

and three blue spheres below it, meaning there is

a tetrahedral site above and below each white

sphere.
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Slide 5

Slide 6

Slide 7

Slide 8

Slide 9

/
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Take model 3* Each red corner sphere forms a
tetrahedron with three blue face centre spheres
and so there is a tetrahedral site under each

comer ion.

Take model 1. Look down from the red to the
blue layer. Are all the holes tetrahedral?

You should see that some are bigger than the
tetrahedral ones we have already mentioned.

Can you see the bigger holes occur when three red
spheres are above three white spheres, or when

three blue spheres are below three white spheres?

When we have such an arrangement of six spheres
the centres of the spheres form a regular octa-
hedron as shown.

This second type of interstitial site is an

octahedral site or hole.

Take model 2. Two sets of three red spheres
have a triangular arrangement and have three
white spheres forming a triangular arrangement
beneath.

At the centre of each of these arrangements

with six spheres there is an octahedral site.

Take model 3* Can you see that the six blue
spheres are octahedrally disposed and so must
have an octahedral site at their centre?

If the structure was extended, four blue and two
red, spheres would form an octahedral arrangement
at the centre of which there would be an octa-

hedral site.

rahedral Site
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Slide 10
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When you look at an octahedral site and a tetra-
hedral site side by side you can see the octa-

hedral site is the bigger one.

Between any two layers of hexagonally close packed
spheres each octahedral site is equidistant from
three surrounding tetrahedral sites, and each
tetrahedral site is equidistant from three
surrounding octahedral sites.

Green spheres fill the octahedral sites and blue

spheres fill the tetrahedral ones.
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Features of Close Packing
(ii) Unit Cells - Programme 3

Use models 1, 2, 3, 4, 8, 9, 10 and 11

Slide 1 In crystal structures, it is conventional to
describe a structure in terms of a wunit cell.
The unit cell of a structure is the unit which
when repeated in the same orientation and joined
to other identical units gives the whole structure?
When we define the unit cell for body centred
cubic packing we clearly must cut each corner
sphere of model 4 in three mutually perpendicular
directions so that edges of the unit cell pass
through centres of the red spheres.

The unit cell has one red sphere and one blue

sphere.

Slide 2 Now, look at model 3> the face centred cubic
arrangement and imagine it cut to form a unit
cell. Can you see that red corner spheres
become iﬂh.spheres and blue face spheres become
Y spheres so that edges of the unit cell pass
through centres of the spheres?

Look at model 9 to see the complete unit cell.
How many red spheres are there?

How many blue spheres are there?

Yes, that is right, three blue and one red.
Note; the tetrahedral sites behind the red

comers are still there.

Slide 3 We now try to define unit cells for hexagonal close
packing.
First ABAB hexagonal close packing - model 1.
Clearly /
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Clearly the unit cell for each ’A' layer will be
hexagonal so that edges pass through centres of
the six corner red or blue spheres. How much of
each red and of each blue sphere is there at the
corners of the unit cell?

Yes, exactly é;th.

There is also, half of the centre red and centre
blue in A layers of the unit cell - remember this
sphere is cut in only one direction while others
are cut in three directions, not mutually
perpendicular in this case.

What is left in the unit cell of the B 'white'
spheres packed into the hollows of the adjacent
A layers?

As you can see, 1if you examine model 10 closely,
edges of the unit cell do not pass through
centres of the white spheres, but they are cut in
such a way that segments which fit oppositely in
the layer form a whole sphere - thus there

are exactly three spheres in the B layer of the
unit cell.

How many spheres are there in each 'A' layer of
the unit cell?

Yes, Hijr spheres in each 'A' layer, plus the three
in the *B* layer makes a total of six spheres in

the unit cell for ABAB type.

We now construct the unit cell for ABC hexagonal
close packing.

Again, the unit cell is hexagonal and the 'A'
layer in the unit cell as before is six corner
pieces which are %th sphere and 1 a sphere in
the middle.

The *B' layer where white spheres fit into
hollows in the 'A' layer is as before, three

white /



white spheres each one segmented so that the
segments fit adjacently on top of the 'A' layer.
This time, however, the 'C' layer is different
from the A and B ones. The blue spheres of the
'C' layer fit into hollows in the 'B' layer so
that they are not directly above A red spheres and
this means the spheres are segmented in the same
way as the white 'B' layer ones and then sliced
horizontally so that there are exactly 1+ spheres
in the C layer, that is, half the number in the
B layer.

How many spheres are there in the unit cell for
ABC hexagonal close packing?

You should have found the answer is six, exactly
the same as for ABAB but with a different
arrangement in the 'C' layer.

Examine models 8, 9, 10 and 11 and verify that
you could construct unit cells for each of the

packing arrangements we studied in Programme 1,
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Identification of some MX and Mt ype structures

Programme 7

In this programme you can look again at the models
you have tried to identify and questions you were
asked will be answered. We would, however, like
to see where you have had difficulty, so please

leave your answer scripts in the tray provided.

Slide 1 This model represents the structure of sodium

chloride which you studied in Programme 4-

Slide 2 You should be able to see that this model must
belong to the set of sodium chloride structures
given on sheet 2. Check that the coordination
number of each metal (silver) ion is 6 and the
coordination number of each halide ion is also
0. Thus, the ratio of coordination numbers is
6 to 6 which is 1 to 1. This implies the
stoichiometry is 1 to 1 which implies the formula
is MX type. When the unit cell is defined
there are a total of four metal (silver) ions and
four halide ions which verifies an MX type
structure.

Now using sheets 1 and 2, the cation which is
smaller than the cation in model 12 can be
identified as lithium and the anion which is
smaller than the chloride anion in model 12
represents fluorine. Hence the model 17

represents lithium fluoride.

Slide 3 This model also shows the sodium chloride structure.
Each metal (silver) ion has coordination number
6 and each halide number has coordination number
0. In the unit cell if defined, there must

be / !
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Slide 5

Slide 6

Slide 7 /
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be four metal and four halide ions, thus the
stoichiometry is 1 to 1 verifying the formula is
MX type.

Using sheets 1 and 2, the cation which is bigger
than the cation in model 12 must represent
potassium and the anion which is bigger than the
chloride ion must represent bromine. Model 18

is a bromide, in fact, potassium bromide.

This model has the caesium chloride structure

which you studied in programme 5*

You should be able to see that this model must
represent caesium chloride structure. Check this
time, the coordination number of each metal (gold)
ion is 8 and the coordination number of each
halide ion is 8.

Thus the ratio of coordination numbers is 8 to

8 which is 1 to 1. This implies the stoichio-
metry is 1 to 1 which in turn implies the formula
is MX type. When a unit cell is defined there
is one metal (gold) ion and one halide ion.
Remember corner ions become éth spheres for the
unit cell. In this model the cation equals in
size the caesium cation in model 13 and the anion
is bigger than the chlorine anion.

Model 18 represents caesium bromide.

Here you can see the structure of calcium

fluoride which you studied in programme 5*
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You should observe that this model has the
fluorite structure. The coordination number of
each metal (gold) ion is 8 and the coordination
number of each halide ion is 4, thus the ratio of
coordination numbers is 8 to 4 which is 2 to 1.
Now, 1if we had eight halide ions round each metal
ion and four metal ions round each halide ion,
then there are twice as many halide ions as metal
ions and so the stoichiometry is 1 to 2. Hence
the formula must be

If we were to define a unit cell, we would have
four metal ions and eight halide ions verifying
the formula.

This is a model of a compound which has the
fluorite structure but it is not calcium fluoride.
From sheets 1 and 2, it is not difficult to
deduce that it may be copper fluoride or cadmium
fluoride where cation sizes are approximately

equal and anion sizes are the same.

This model represents one you have already
studied in programme 5, but let us go stepwise
through the deductive process of identification.
The coordination number of each metal (copper)
ion is 4, that is, each has four nearest neigh-
bours which are green. Similarly the coordina-
tion number of each halide (green) ion is 4.

The ratio of coordination numbers is 4 to 4
which is 1 to 1; thus the stoichiometry is 1 to
1 implying the formula is MX type.

Remember this can be checked if you identify a
unit cell where there would be four whole copper
ions or cations and eight times 1th corner green
ions plus six times \ face centre green anions
which makes a total of four cations and four
anions. Thus the ratio of the number of

cations/
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cations to the number of anions is 4 to 4 which
is 1 to 1. This model shows the structure of
zinc blende where anions have a face centred
arrangement and cations are at the centre of a
tetrahedral arrangement of anions. If you
compare the cation with zinc it is bigger and the
anion equals in size sulphur. From sheets 1 and
2 where some zinc blende structures are shown,

we can cbduce that model 20 represents copper

chloride.

Clearly we have another compound with the sodium
chloride structure. Coordination number of each
cation equals the coordination number of each
anion equals 6. The ratio of coordination
numbers 1is 6 to 6 which is 1 to 1. The formula
is MX type.

The model represents sodium bromide.

Lastly, we look at the structure of this more
complex model. The coordination number of each
cation (silver) is 3* and the coordination
number of each anion (light green) is 6. Thus,
the ratio of coordination numbers is 6 to 3
which is 2 to 1, implying the stoichiometry is
1 to 2 implying the formula is MX2 type.

In fact, this model shows the rutile structure
which you met in programme 5%* Here the cation
size is smaller than lead in model 16 and the
anion size is slightly smaller than oxygen.

This model represents zinc fluoride as listed

in sheet 2.

A standard colour coding has been used when
constructing the models which are approximately

to scale. Just a reminder, please leave your

answer sheet.
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PROGRAMME 7

Identification of some MX and MX, type structures

Crystal structures of MX and MX2 types tend to occur
in sets. The radius of each ion is a significant
factor in determining which type of structure will be

formed.

TAKE MODELS 17 and 18

First we can deduce if each one is an MX or MX2 type of structure in
one of two ways.

Method A

1. What is the coordination number of each metal (silver) ion?
(i.e. how many nearest neighbours of the other colour
has each metal ion?)

2. What is the coordination number of each halide ion?
(i.e. how many nearest metal (silver) néighbours has
each halide ion?)

Ratio of Coordination numbers =
= gtoichiometry is
= formula is type
Now check using Method B
When a unit cell is defined for each model -

1. How many metal (silver) ions are there?

2. How many halide ions are there?

Ratio of number of cations to number of anions =

= gtoichiometry is
= formula is type

In programmes 4 and 5 we looked at three MX type structures and two MX2

type structures.

Which structure is shown by Model 17 ?

Which structure is shown by Model 18 ?

Now use sheet 1 which has information on ionic radii and sheet 2 which
has information on structures and try to identify which compounds the
models represent.

Model 12 /



=209~

Model 12 which you have studied may be used for comparison -

1« Is the cation in 17 smaller or bigger than the cation
in model 127?

« « the cation might be

2. Is the anion in 17 smaller or bigger than the anion
in model 127

e o« the anion might be

MODEL 17 MUST REPRESENT

Repeat for model 18 which must represent

TAKE MODEL 19

1« What is the coordination number of the metal (gold) ion?

2. What is the coordination number of the halide ion?

Ratio of Coordination numbers =

= stoichiometry is
= formula is type

Which structure is shown by model 19 ?
Now use sheet 1 and sheet 2 to try to identify which compound the

model represents.

Model 13 which you have studied may be used for comparison.

MODEL 19 MUST REPRESENT

TAKE MODEL 20

1. What is the coordination number of each metal (gold) ion?
2. What is the coordination number of each halide ion?
Ratio of Coordination numbers = H

= sgtoichiometry is
= formula is type

)

Which structure is shown by model 20

Now /
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Now use sheets 1 and 2 to try to identify which compound the model
represents.

Model 15 may be used for comparison -

The cation must be

The anion must be

MODEL 20 MUST REPRESENT

Now take models 21, 22 and 23 and using the method of identification indicated
state which structure each model represents.

Ratio of Coordination numbers in model 21 is

MODEL 21 REPRESENTS

Ratio of Coordination numbers in model 22 is s

MODEL 22 REPRESENTS

Ratio of Coordination numbers in model 23 is :

MODEL 23 REPRESENTS

Check your answers by listening to the tape
provided. Please leave this in the answer
tray so that we can see if and when
difficulty occurs.
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QUESTION SHEET 1

Which one of the following elements has a structure at room temperature
made up of closely packed single atoms?

A) C B) Cu C) S D) none of these E) don't know

When circles of the same diameter are drawn so that each circle just
touches the other circles round it, what is the maximum number of
circles each one can touch?

A) 3 B) 4 C) 5 D) 6 E) don't know

When spheres of equal size are packed together as closely as possible,
and in layers, how many other spheres will each one touch?

A) 4 B) 6 €) 8 D) 12 E) don't know

If we build a layer of spheres of the same size so that they are as
closely packed as possible and then stack an identical layer on top of
this one, how many different ways are there of positioning the second
layer ensuring that closest packing still remains?

A) 2 B) 3 €) 12 D) infinity E) don't know

In the AB AB hexagonal arrangement of spheres of equal size each sphere
is coordinated by a number of other spheres. This number will be -

A) 3 B) 4 C) 6 D) 12 E) don't know

In the ABC,ABC face centred cubic packing arrangement of spheres of
equal size, each sphere is coordinated by -

4) 4 B) 5 C) 6 D) 12 E) don't know spheres

In the body-centred cubic arrangement of packing spheres of equal size

each sphere is coordinated by -

A) 4 B) 6 €) 8 D) 12 E) don't know spheres

When spheres of equal size are as closely packed as possible the volume
of space occupied is approximately -

A) 65% B) T5% C) 85% D) 95% E) don't know

When spheres of equal size are as closely packed as possible the largest

space or 'interstitial site' can be found at the centre of an arrangement
of -

A) 3 B) 4 C) 6 D) 8 E) don't know close packed spheres
Given the model with 6 white spheres and 6 blue spheres, how many

complete tetrahedral sites can you see between the blue and white
layers?

A) 6 B) 3 €) 4 D) 5 E) don't know

/
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11. Using the same model, how many complete octahedral sites can you see?
A) 2 B) 3 C) 4 D) 6 E) don't know

12. The structures of four elements and compounds are shown below.

Which structure most closely
resembles that of Zn ?

Ty T A)

AROES 2T o B)
RYAtas SN PR
L s r*ﬂ(*f et - E) don't kmow
. ! i C’\,C
A) B) ’

C) N—
13. What is the smallest "repeat unit" in the following 2D pattern?

XeX+X+X
e X o X e X o
X+X+X+X
e X e X o X o
X X+X+X
Is it
A) X+ B) X ¢) X+X D) XX E) don't know
e X e X e X o e X o
X o X X

14. Take model 12 A), a ball and stick model of NaCl, what is the smallest
"repeat unit" in 3D? Is it -

X represents the
A) A B) ( centre of a red
sphere

¢ represents the
centre of a green
sphere

E) don't know




15.

Suppose you were asked to build a unit cell for a close packed
arrangement of equal spheres showing face centred cubic packing, what

would you require?

A) 8 whole spheres for B) 8 quarter spheres

corners and for corners and
6 whole spheres for 6 half spheres for
face centres. face centres.

D) 8 quarter spheres E) don't know

for corners and

6 whole spheres for
face centres

C) 8 eighth spheres
for corners and

6 half spheres for
face centres.
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